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Overview

* FPGA Applications in Power Electronics
— Detailed technical comparison to DSPs

— Control examples: Multilevel inverters, EMI reduction, Real-Time HIL
Simulation

= VHDL Development Challenges

— Data on development cost for full custom design
— New data on graphical system design

= Designing at a higher level
— New tools, new methodologies
— Demonstrations!
— Introducing the NI General Purpose Inverter Controller
— IP libraries available
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Power Electronics Design Goals & Tradeoffs

= Optimize for multiple design goals simultaneously,
Including:
— Energy efficiency
— Cost
— Component lifetime
— Systematic reliability
— Regulatory compliance
— Smart grid ready
— Differentiated features
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Spectrum of suitable control targets for high

volume mass production
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DSP and FPGA

* DSP * FPGA

— Digital Signal Processor — Field Programmable Gate Array
— Special Processor optimized for — Flexible hardware architecture with
fast operation logic functions and DSP blocks
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DSP Cores Embedded in FPGA FABRIC
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= Upto 58 DSP48A1 slices embedded in a Spartan 6 LX45 FPGA

— 250MHz implementation

— Fast 18-bit multiplier & 48-bit adder
|%Tnumml‘ Em-s"'~ — ASIC-like performance £ XILINX.




Modern FPGAS utilize hard-core DSP

processing elements integrated in fabric

Standard DSP Processor
(Dual Core DSP) FPGA - Fully Parallel Implementation

(Spartan-6 LX45 FPGA)
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Dual-Core DSP versus Spartan-6 FPGA

Performance per Chip Performance per Watt Performance per Dollar
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NATIONAL MACS = Multiply-accumulate operations per
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FPGA versus DSP for Power Electronics

Performance 600 MMACS 14,500 MMACS
Peripheral Fixed Flexible
Processor cores Single (or Double) Multi
Modulation Scheme Fixed PWM Flexible
Loop Response Time ~50us ~2.5 US
Silicon Gate Level ) v

(SGL) Reconfigurability

C (Higher level of

Design Environment Abstract)

VHDL & Verilog (RTL)
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FPGA Pros/Cons

— Pros
* Nanosecond control of timing, completely parallel execution
* Now contain dozens to hundreds of mini hard-core DSPs, emerging FPGAs have hard-core
floating point processors
» Orders of magnitude higher DSP performance per dollar and per watt compared to single core
DSPs
 Field reconfigurable at the silicon gate level (SGL)

— Cons
+ Orders of magnitude more complex to program
+ PCB layout is becoming increasingly complex and costly due to fine-pitch parts

» 70% of software development cost is I/O interface development (rather than algorithms)

FPGA based control reduces Total Cost

of Ownership
Increase power efficiency by advanced modulation schemes
(Space Vector Modulation, RPFM)
Reduce board BOM by integration of industrial networking
FPGA-based control offers more than 15x performance
Loop bandwidth of uC based ASSPs is ~55usec
NATIONAL FPGA-based Field Oriented Control easily achieve less than
INSTRUMENTS 2.5usec & XILINX.



LabVIEW FPGA vs

VHDL

Analog I/O
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’ INSTRUMENTS




Designing at a Higher Level

Graphical Co-Simulation

(Multisim, LabVIEW FPGA) Power Electronics Testing
: (Bloomy Energy, PXI)
Test :

Cells

Rapid Control Prototyping l"

(Multicore CompactRIO, SITl ] \ /
b | .": D)

Real-Time HIL Simulation
(JMAG, KGC, SET, FlexRIO, Veristand)

Commercial Deployment
(General Purpose Inverter Controller)

Energy Source Power Inverter Output Filter Stage 3-Phase AC System



Development Methodology

1. Co-Simulation, 2. Interface Board Design, 3. Commercial Deployment
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The Evolution of System Level Design

Traditional Methodology Proposed Methodology
Closed Loop Closed Loop
Simulation Simulation
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New data on LabVIEW graphical

system design approach

= Wilson Research Study

NI Embedded EETimes Overall Ratio
Customers (2012)* Embedded Market
(2012)2

Average Development Team Size

: . 4.8 11.5 2.4
(HW, SW, Firmware Engineers)
Average Months to Complete Project 6.2 12.5 2.0
Average Person-Months to Complete 30 144 4.8 (average of 114 person-
Project month savings per design)
Average Development Cost $248,000 $1,198,000 4.8 (average $950,000 cost
(assuming $100k/person/year with savings per design)
overhead)
Percent of Projects Completed On or | 58% of NI customers 42% of embedded 0.7
Ahead of Schedule market
Percent of Projects Completed 38% of NI customers 55% of embedded 1.4
Behind Schedule/Late market

NOTEZ1L: The overall embedded market study was a global Email/web study including over 1,700

NATIONAL

responses from embedded engineers from Americas, Europe and Asia
NSTRUMENTS NOTEZ2: The study of NI embedded customers was a global Email/web study including over 1,100

responses NI embedded customers from Americas, Europe and Asia
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Achieving Performance with

FPGA-based Control

6 step PWM - Degrades motor life

Sinusoidal PWM - Not power efficient

- Complex Algorithm

SIERIBE YT SO - Requires Processing

Frequency

) - Requires Processin
Modulation a J

- Rough motor operation
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- Simple to implement \/
- Highest Power Output

- Smooth Motor operation \/
- Relatively simple to design

- Smooth Motor operation

. ; ) Some
-15% more efficient vs sinusoidal

- Less harmonics
- Switching loss reduced
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RPFM and Space Vector Modulation
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Motor Dunkermotoren BG65x50

Regenerative Pulse Pulse Width Space Vector
Frequency Modulation Modulation

= Less harmonics = Spectral peaks on harmonics
= Less switching

Excellent Noise Reduction = Less EMI

NATIONAL
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FPGA Performance Advantage Example

|
XILINX

SPARTANW
FPGA: 7 .5us

+15x faster ‘-.\ Field Oriented Control
control loop i
means better

precision, greater i

\

performance and :
higher efficiency

a Power
‘ Inverter

INSTRUMENTS £ XILINX.



Field Oriented Control

In a Nutshell
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NI Single-Board RIO General Purpose Inverter Controller (NI
GPIC)

* Industry-proven NI LabVIEW RIO architecture and cutting-
edge co-simulation tools

* Deployment-ready for high volume commercial applications

* Multicore FPGA delivers 40x higher performance per dollar
than traditional DSPs

Energy Source Power Invertor Output Fitor Stage 3-Phase AC System




Typical Stack

1. NI Single-Board RIO sbRIO-9606
2. NI GPIC RIO Mezzanine Card (bottom orientation connectors)

3. Custom interface or gate drive PCB (not provided by Nl)

To Gate Driver
orIPM

INSTRUMENTS
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GPIC Mating PCB Template (NI Ultiboard)
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GPIC Mating PCB Template (NI Ultiboard)

TIRAPRANEE:  TRRIRERNEEN

LERT S

= FNA:I HOLAL -
= R INSTRLINEENTS *
.

,

S b
Templ aie Desiga~mot ver|f led for production
- [ P r u Lw Al
it Bl e ol fert o aalary
T2 IO MY
1o-arags e N

FEILIIFEEST PSR ERSETE SRS EEFRER

NN

: NATIONAL
L INSTRUMENTS



GPIC Mating PCB Template (NI Ultiboard)
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SmartPower Stack™ |nverter

7 AgileSwitch’
JF~— Fuiji Electric

(M ETHODE ELECTRONICS, INC.
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LabVIEW FPGA Power Electronics IP

FPGA-to-FPGA Output Motion
Communication, CORDIC Trig Traiector
Synchronization Functions Space Vector jectory

Splining
PWM
JMAG RT State B
-Bridge :
Simulator Space Digital Logicg Multichannel
: PID
Signal Logic
Fixed Point -
Protection Loop
t
Math Generators Interlocks Structures

' i Hall
Signal Processing | 3-Phase 1ol Look Up SMA Data Control
FFT, Resampling, PLL Table Streaming
Zero Crossing Encod
ncoder :
Digital _ Voltage, I/F Mail/lflxl’:_\/?ctor
Filters DC, RMS, Period Current ultiply
Measurements Triggers Park, Clarke
IEC Power Quality, Transforms Field Oriented
Phasor Measurements Control
Input
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Next Steps

Visit
: Download the Power
nl.com/powerdev Electronics Design Guide

for more info

Visit
ni.com/gpic

Order the NI GPIC
Evaluation Kit
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