Enabling High-Penetration Solar PV
Control Systems

Industrial Internet of Things
(InsightCM SDK)

Co-Simulation Based Development
(Multisim, LabVIEW FPGA, IP Cores)

Remote = —
Support

\ / Full Power

Digital Dyno Test Rigs
HIL

Testing

\ /

Design

Prototype

Mini-Scale Control
Development System

L g

fm— Real-Time HIL Simulation
(Veristand, OpalRT, StarSim, El. Motor Sim)

= sl ! Deploy
{ é‘“.l q 8 ".ﬁ-

Commercial Deployment
(General Purpose Inverter Controller)
Utility Networking Toolkits
(DDS, IEC-61850, DNP3, ...)

Power Measurement Suite
(IEC EN 61000, 50160, ...)

Complete Toolchain for Control Design,
HIL Verification and Deployment

Member IEEE

ni.com

Energy Source

Plant Mum

I [EN

Plant Den

I [sGLM

3-Phase AC System

Power Invertor Output Fitor Stage

NI General Purpose Inverter Controller

Brian MacCleery — Principal Product Manager for
Clean Energy Technology, National Instruments,
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http://www.ni.com/powerdev/
https://decibel.ni.com/content/groups/power-electronics-development-center/blog/2012/02/25/new-250-page-platform-guide-ni-power-electronics-control-platform-introduction
https://decibel.ni.com/content/groups/power-electronics-development-center/blog/2012/02/25/new-250-page-platform-guide-ni-power-electronics-control-platform-introduction
http://www.ni.com/powerdev/
https://decibel.ni.com/content/groups/power-electronics-development-center/blog/2012/02/25/new-250-page-platform-guide-ni-power-electronics-control-platform-introduction

You Can Forecast Any Technology in 5 Minutes with
Two Data Points

- Requirements:
- Two data points for performance/$ vs. year
- Divide the technology metric by dollars (i.e. KW/$,
(kW/inA3)/9)
- Formulas:
- CAGR=LN(v2/v1)/dT
- v2=v1*EXP(CAGR*dT)
- Doubling time: dT=LN(2)/rate
- Where:
- CAGR is the Compound Annual Growth Rate
- v1 is the value at date 1
- V2 Is the value at date 2
- dT is the time interval in years

‘7 NATIONAL
ni.com INSTRUMENTS'



Example: IGBT Module Energy Efficiency

JOWEREX
ELECTRIC Power Electronics
Reduction Of IGBT operation IOSSGS Year Waste Heat (W/100 kW) Module Efficiency
1980 5975 1980 94.0%
1985 1990 1995 2000 2005 N 1990 3222 1990 96.8%
" G I 2nd Gen. I 3d Gen. [~ 4% Gen. 7 5% Gen. Device using 2000 1738 2000 98.3%
en E series H series . _F series » NF series hew materjal 2010 937 2010 99.1%
2 1) Power [0ss6s in 2020 505 2020 99.5%
P2 3 - 0,
100W &r, Sy inverter application 7%it§$“;ﬁ 00V 2030 272 2030 99.7%
—_ IGBT D OW Application : VVVF Inverter Ci.l:cmt
E turn-off e/' /O Inverter Output Current,Io = 4of%r.m.s.
o | 1 75w Ss o, Contee Seheme = P, Sl CAGR=LN(v2/nv1)/dT
o Power factor =08
7 . C@of,:o , ’ v2=v1*EXP(CAGR*dT)
3| ponuction W W 3 Doubling time: dT=LN(2)/rate
33W CSTBT™
IGBT
turn-on
loss
15t Gen. 2nd Gen. 3rd Gen. 4t Gen. 5t Gen. - .
S Trench gate Data Source for Curve Fit:
Mitsubishi-Powerex Melcosim Version 11.04.01
Power Electronics Module Energy Efficiency (power loss)
13.5 kW Inverter Loss
(W) Year Inverter IGBT Efficiency
1983 670.2 1983 95.0%
1998 265.4 1998 98.0%
Delta 0.40 15
CAGR -6.2%
ni.com Doubling Time -11.22




Computing Performance Per Dollar: 1910-2020

1.00E+11
1.00E+10
1.00E+09 ~2013: XilinxZyng-7020x220 (FPGA+ARM x2+multicore DSP x220), CPS/$=369,478,
—_ 2012: Xilinx Spartan-6 LX45x58 (FPGA+multicore DSP x58), CPS/$=183,544,00
@ 1.00E+08 | 2012: Raspberry Pi (ARM x1), CPS/$=58,824,000 4@
C  1.00E+07 ac_Pro/2.8GHz ('mul'tlcT)'ré processor x8), CP'S7S'-1'8' 286,00
a
oo 1.00E+06 2001: Dell WorkStatlon 340 (Pentlum4 2.53 GHzx1), CPS/$—1 107,000—
(®)
~ 1.00E+05 |
< 1995: PowerMac 8500/120 (RISC processor), CPS/$=45,000
O 1.00E+04
Q 1.00E+03
(@] re 64 (microprocessor), CPS/$=400
5 1.00E+02
2 0oe+01
2 ]
o 1.00E+00 —— 1960: DEC PDP-1 (discrete transistors), CPS/$=0.83@®
o
@ 1.00E-01 +—
n o
&=  1.00E-02 +— H 1 —
8_ @y 1953: IBM 650 (vacuum tube), CPS/$=OIOO483
1.00E-03 +—
n /
S 10004 "¢ o
B 100805 — 2
c L (4
E o e
O 100806 1g— 1919: IBM Tabulator (mechanical gear calculator), CPS/$=0.0000021
S - -
O 1.00E-07 'S I
1.00E-08 - e
1.00E-09 -
1.00E-10 -
1910 1930 1950 1970 1990 2010
® CPS/S B Data Used for Fit (1946-2009) ——Fit CPS/$ L]

Data Source: http://www.frc.ri.cmu.edu/~hpm/book97/ch3/processor.list



http://www.frc.ri.cmu.edu/~hpm/book97/ch3/processor.list

Myth: “Renewable Energy Power Electronics
Destabllizes the Grid”

- [t i1s not the inherent nature of power electronics that is
causing grid stability issues (e.g. low Inertia, high THD)

- [t i1s not the non-dispatchable nature of renewable energy
that 1s causing grid stability issues

- My opinion: Operating inverters as current sources is the
root of the problem

y NATIONAL
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The fact that inverters are not allowed to regulate
voltage and frequency (closed loop) Is the root cause
of the problem

- It Is time for inverters to actively regulate voltage and
frequency
- It i1s not technically difficult.

- We recently demonstrated that new Ethernet Time Sensitive
Networking (TSN) technologies can be utilized for phase
alignment. (NI recently filed patents on this approach.)

- It does require some sacrifice

o It will mean more automatic curtailment. However, this change has
already happened with passive open loop ‘voltage regulation’
standards.

‘YNATIONAL
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The control systems for wide bandgap power
converters will run in “FPGA" hardware

- Modern “FPGA" chipsets are not what you might think

- They are hybrid chipsets with embedded DSP cores,
programmable logic fabric and (sometimes) ARM
MICroOpProcessors.

¢ NATIONAL
ni.com ’ INSTRUMENTS'



FPGA, DSPs, Microprocessors have merged into a
Reconfigurable System-on-Chip (RSOC)

D D AR R S BT T N R e
o PREAFCE LRI o
%ﬁ CELF{FL3{s §<
I:l I:l T LELELELILE o z
— SOt EmE Do 8
—= & COMMUNICATION R afugu gy N COMMUNICATION
—— S OOOO0
— —
QD_%E aBEEERE =
gl I
LabVIEW FPGA i o Djj | 1|1 |
LabVIEW Real-Time - D
(optional Eclipse C/C++ RT Linux
and VHDL/Verilog programming) HARD CORE DSP SLICES MICROPROCESSORS

“In the past it took us several times longer for a full custom design for a DSP-based
circuit board prototype, which then had to be redesigned for volume commercialization
after the field trials. We could not have loop frequencies above about 40 kHz, even with
a highly skilled DSP programmer. With FPGA, everything is truly running in parallel so |
don't have timing problems... We can now have commercial hardware out for field
testing in 3 months.” — Eaton Corporation

‘YNATK)NAI.
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https://decibel.ni.com/content/message/39934

Traditional DSP vs. System-on-Chip (SOC) FPGA

600 25000 23000 100000 92000
515 90000
°00 20000 80000
400 70000
15000 60000
300 279 50000
10000 40000
200
5897 30000
100 5000 20000 14500
7 - 10000 600
0 S 0 — 0 —
Performance per Dollar Performance per Watt Performance per Chip
(MMACS/$) (MMACS/W) (MMACS)
m 2 Core DSP

58 DSP Core SOC FPGA
220 DSP Core SOC FPGA

Performance Ratio Performance Ratio
(Spartan-6/DSP) (Zyng-7020/DSP)

MMACS per Watt

MMACS = Multiply-accumulate operations per second

(measure of DSP computing performance)
yNATIONAI.
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Modern “"FPGA" chipsets are not what you
might think

- They are programmed graphically with high level control

design tools that require no knowledge of Verilog or
VHDL

- Algorithms run in floating point math

- The entire power electronics control algorithm runs in the
hybrid FPGA/DSP fabric.

- They are capable of closed loop control at rates over 1
MHz

- They are powerful enough that full digital twin real-time
simulation models can be embedded in the control chip

‘7NAT|0NAL
ni.com 10 ’ INSTRUMENTS'



LABVIEW FPGA MODEL BASED ALGORITHM DEPLOYMENT TOOLS

LABVIEW FPGA

Implementation:

Single Precision Floating Point

Performance:
2.95 microseconds
339 times faster than real-time

FPGA Resources (Spartan-6 LX45):

Slice Registers: 3.6% (1953 out of 54576)
Slice LUTs: 11.1% (3018 out of 27288)
DSP48s: 34.5% (20 out of 58)

Block RAMs: 0.0% (0 out of 116)

Simulink® is a registered trademark of The MathWorks, Inc. All other
trademarks are the property of their respective owners.

P

T

Step Gain

FID

Pl Contraller

L+2:+4

FPlant

Scope

[FPGA] buildex.vi Block Diagram on FPGA Transfer Function HIL Solver.lvproj/FPGA ... | = || & |[wt3s]

File Edit View Project Operate Tools

Window Help

5 & OIEI|LM:||'E' 3 |15ptAppIicatiun Font |- ||E,;.v ||T|]Ev|.. A |@

LabVIEW FPGA

PI Controller
u

Plant Mum

|[sn| 3

Plant Den

|[5n| ]

FPGA Transfer Function HIL Solver.lvproj/FPGA Target 3 « |

UL

s

m

Download the LabVIEW FPGA Floating Point Toolkit
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LABVIEW FPGA MODEL BASED ALGORITHM DEPLOYMENT TOOLS

LABVIEW FPGA

Implementation:

Single Precision Floating Point

Performance:
2.95 microseconds
339 times faster than real-time

FPGA Resources (Spartan-6 LX45):

Slice Registers: 3.6% (1953 out of 54576)
Slice LUTs: 11.1% (3018 out of 27288)
DSP48s: 34.5% (20 out of 58)

Block RAMs: 0.0% (0 out of 116)

Simulink® is a registered trademark of The MathWorks, Inc. All other
trademarks are the property of their respective owners.

r e ] 1 'lf
+_ 5 | FID - b-CI
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Step ain F1 Controller Plant Scope

4

[FPGA] buildex.vi Block Diagram on FPGA Transfer Function HIL Solver.lvproj/FPGA ... | = || & |[wt3s]
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Download the LabVIEW FPGA Floating Point Toolkit



https://decibel.ni.com/content/message/122830#122830

AC Induction Motor Veltage over Frequency (V/F) Control

FPGA Floating Point Control

™[ True Vt

Control Limits

Max Mod Index
Min Mod Index

Speed (RPM)

channel (0]

PID

Max fo (RPM) V/Hz Slope
Min fo (RPM) =3 o o ]
r#hod Index (0..2)
Closed Loop?
LI T ! ST I I P N
Manual Mod Ind, |
Feedforward fo (RPM)
l‘\-/fism
fo (Hz) o0

oo

418879 >

-

PID Rate (Ticks)

.

V/Hz PID gains

poiesi30 240 deqg [rad]
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l\hfrism
Manuﬂlue (RPM)
:@ ! lusm

+
|2.0944 I—L

120 deg [rad]
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There Is a lot the embedded control system can
do to reduce cost, weight and size

- There are significant low hanging fruit opportunities for
cost reduction through advanced control [P

¢ NATIONAL
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TOTAL LIFETIME COST REDUCTION THROUGH ADVANCED IP

TIME SENSITIVE NETWORKING NG
TIME LOCKED GRID SYNCHRONIZATION \%

IGBT LIFETIME EXTENSION

n ACTIVE JUNCTION TEMPERATURE
/ REGULATION

PROGNOSTICS _
DIGITAL TWIN SELF-SIMULATION |

T 1 —— ADVANCED CONTROL
| L VIRTUAL SYNCHRONOUS MACHINE

RELIABILITY T

|
ADVANCED CURRENT LIMITING

\ LINE REACTOR COST/WEIGHT

=~ REDUCTION
ACTIVE FILTERING

Browse case studies folder



http://sine.ni.com/cs/app/doc/p/id/cs-13859
ftp://ftp.ni.com/evaluation/powerdev/case_studies/

There is a lot the embedded control system can
do to reduce cost, weight and size

- There is a tremendous low hanging fruit opportunity for
Improvements in the control systems that primarily have
not been done due to the performance limitations of old

chipsets and the arduous nature of the way they were
programmed

- Traditionally the circuit design, magnetics, thermals and
control algorithms are optimized individually

‘7NAT|0NAL
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Embedded Real-Time Digital Twins

- Use of digital twin real-time simulation models
embedded In the control system

Drivers:

- Business need to add new control objectives for
properties that cannot be directly measured (i.e.
transistor lifetime extension and wear leveling)

- Business need for self diagnostics and
prognostics (equipment condition health
monitoring)

y NATIONAL
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FPGA BASED CONTROL SYSTEMWITH LOCAL REALTIME DIGITALTWIN

Battery Stack,

Analog Physical World Solar Array

Motor/Generator

System

Transformer Motor/Generator

| POWER |
| GRD

. | Digital Twin Simulated World " Battery Stack,

Solar Array

Patents: US 20,160,117.158
US 20,160,117158

ni.com

__________________________________

_______
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Buck-Boost Energy Storage Converter with Embedded Real-Time
Digital Twin for Active Junction Temperature Regulation

SINGLE IGBT HALFBRIDGE DATA
(PHYSICAL MEASUREMENT vs. DIGITAL TWIN)

S T WPVDC[V] I~
o 25 T e WW pgp g (B et
. 120 1 :
IGBT half-bridge output voltage (red) = O —— L | sy [
2l 1 f S || e [~
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(b| ) > o 0-E s 'I == e 1192 || [ V_load [V] [~
5 Sl = -
. A= gt ,W‘ [7] Terp & (C) [
- _ U i |
3. Battery Terminal Voltage (green) | ml .!!,!I!IIIII1||||M|||||||||||_I L a1 WRIHAT (o] wTeesso o
40| H i X
0= 35- : sedn || [Vl Tuncfs@ [
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-5- -3.3- 20-
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DIGITALTWIN APPLICATIONS BY STAKEHOLDER

- SYSTEM DESIGN TEAM

- Model Validation: Continuous online validation of the model
during field deployments closes the loop with the design team
and confirms or rejects the assumptions on which their design
decisions are based.

- Design Optimization: Digital twin models combined with
advanced machine learning algorithms facilitates design
optimization that spans the boundaries between the physical
system design and the control algorithms to satisfy multiple
design objectives. Example: Optimize the design for energy
efficiency, cost reduction, and uptime

y NATIONAL
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DIGITALTWIN APPLICATIONS BY STAKEHOLDER

- CONTROL DESIGNTEAM

- Observer-based Control: Many internal states in cyberphysical systems
cannot be physically measured but are modeled in the digital twin and
can be used as feedback signals for control. Example: IGBT junction
temperature active regulation

- Delay Removal: Time delays are very problematic for control systems
and can be removed in the digital twin model. “Zero delay” digital twin
signals can be used as feedback signals for control. Example: Zero delay
temperature control

- Automatic Online Re-Tuning: The digital twin model combined with
advanced machine learning algorithms can be used to find the optimal
tuning gains that satisfy multiple linear and non-linear control objectives.
Example: Simultaneous tuning of cascaded control loops for setpoint
tracking, stability, and IEEE 1547 compliance objectives.

- Predictive Control: Faster than real-time digital twin models can be used
to explore multiple control strategies before committing to one

y NATIONAL
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DIGITALTWIN APPLICATIONS BY STAKEHOLDER

- OPERATIONS & MAINTENANCE TEAM

- Prognostics: A mismatch between the physical
system response and the digital twin may indicate a
problem. The digital twin endows the control system
with an expectation for the system response,
enabling problems to be detected long before a failure
OCCUTrS.

- Lifetime Extension: Digital twins can include models
for component lifetime, which can be incorporated Iin
the control strategy to extend lifetime and increase
reliability.

y NATIONAL
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Software

Hardware

Ethernet Time Sensitive Networking

- Emergence of new timing, synchronization and

deterministic communication
capabllities standard Ethernet (true standards)

Session, Presentation, and
Application
(Layers b-7)

TCP/UDP (Layer 4) l Control

IP (Layer 3) Data

Queue controller

MAC (Layer 2)
Physical (Layer 1)

Network Infrastructure
Switches, cabling, etc

Key technology vendors are driving:

- Intel

- Broadcom
- Marvell

- Cisco

Key industrial, embedded, and
automotive vendors are participating to

drive requirements

H Custom HW or SW
B Standard HW or SW

¢ NATIONAL
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Time Sensitive Networking: Key Elements

Time Synchronization Traffic Scheduling System Configuration

= YOI 1011010
Or ololiol
18] 4 1011010

Standard Area Title

12213 02Tl Timing & Synchronization Enhancements and Performance Improvements

IEEE 1588

IEEE 802.1Qbu & . . .

IEEE 802.3br Forwarding and Queuing Frame Preemption

IEEE 802.1Qbv Forwarding and Queuing Enhancements for Scheduled Traffic

IEEE 802.1Qca Path Control and Reservation Path Control and Reservation

IEEE 802.1Qcc System Configuration Enhancements and Performance Improvements

IEEE 802.1Qci Time Based Ingress Policing Per-Stream Filtering and Policing

IEEE 802.1CB Seamless Redundancy Frame Replication & Elimination for Reliability

Additional Enhancements to Come
‘7 NATIONAL
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100 Percent Power Electronics Microgrid Demonstration

P
i é i
=

Resistive
Loads

>"'|nductive

“E)
Loads

ni.com

Ethernet Time Sensitive Networking (TSN)

Grid PCC

— Energy
Turbine f Storage
Inverter Inverter

(o] o)

X} Solar
Inverter

(o] (o]

Also compatible with Virtual Synchronous Machine (VSM) control (Zhong)

Patent Pending ,ﬂﬂgk?malms




NI Single-Board RIO General Purpose Inverter Controller (GPIC

[Control amplitude of filkered power output (PID control)|
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ftp://ftp.ni.com/evaluation/powerdev/case_studies/NREL_NIGPICAdvancedPowerElectronicsController.pdf
ftp://ftp.ni.com/evaluation/powerdev/case_studies/NREL_NIGPICAdvancedPowerElectronicsController.pdf
http://clemsonenergy.com/specifications/15-mw-grid-simulator/
ftp://ftp.ni.com/evaluation/powerdev/case_studies/NREL - A Better Way to Connect Solar, Wind to the Grid.pdf
ftp://ftp.ni.com/evaluation/powerdev/case_studies/NREL - A Better Way to Connect Solar, Wind to the Grid.pdf

Typical GPIC Power Conversion Applications

Battery Stack,
Solar Array

DC 4( Management
" DC| System

I~

| |
| |
Transformer : Converter/Rectifier Inverter/Drive :
—{ac T /] DC a
GRD — ‘ ! r | L :
| | K @ _K I
| / | DC / AC |
| |
| |
I Control I
: System :
| |
Power System Inverter/Converter/Drive Motor/Generator
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NI Single-Board RIO General Purpose Inverter Controller (NI GPIC)

* Industry-proven embedded control and I/O system for OEM power
conversion equipment

* FPGA Reconfigurable System-On-a-Chip (RSOC) technology with 220
DSP cores: 69x higher performance per dollar than traditional DSPs

* Quadruples the productivity of embedded design teams: 114-person-
month average reduction in development cost

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

Download Case Studies



ftp://ftp.ni.com/evaluation/powerdev/NIGPIC.pdf
ftp://ftp.ni.com/evaluation/powerdev/NIGPIC.pdf
ftp://ftp.ni.com/evaluation/powerdev/NIGPIC.pdf
ftp://ftp.ni.com/evaluation/powerdev/NIGPIC.pdf
ftp://ftp.ni.com/evaluation/powerdev/case_studies/

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

* Industry-proven embedded control and I/O system for OEM power
conversion equipment

* Reconfigurable System-On-a-Chip (RSOC) technology with 220 DSP
cores: 69x higher performance per dollar than traditional DSPs

« Complete toolchain quadruples the productivity of embedded design
teams: 114-person-month average reduction in development cost
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ftp://ftp.ni.com/evaluation/powerdev/case_studies/
https://decibel.ni.com/content/message/83016#83016
https://decibel.ni.com/content/message/83016#83016
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Hardware/Software Architecture Map

Remote System Management Utilities for Design Team & Operators

Live Data
Stream,

Logging

SCADA Operator External
Systems HMI, PLC Controllers

Remote
Update

Data
Analytics

Control Tuner,
Stability Analyzer

Configuration

Management

DDS, DNP RS-232 ENET,

Linux Real-Time: Eclipse C/C++, Simulink®, LabVIEW RT M ENET: TCP/IP, UDP, HTTPS, FTP ll IEC-61850 Modbus CAN, 1588

Automatic
Fault

Logging

Supervisory Live Data
State Scope
Machines (10-20 kHz)

Single-Point and
Streaming
Network Comm.

Matlab® W Global Optimizer,
Simulink® B Machine Learning

Software

Updater (RAD)

Reconfigurable DSP/FPGA Fabric (LabVIEW FPGA, HDL) AXI/PCI: Host Memory Buffer, Single Point I/F, DMA Streaming I/F

PID, PLL,
State-Space,
Transfer FN

Fault Handler, Acquisition, | Limiting, Digital Twin
Protection Scaling, Limits, Active Junc Obse_rver/
Interlocks Filtering Temp Reg. Predictor

SPWI\/I,' Control State
Custom Machines
PWM

to DQ), Power
Analysis,
Harmonic Comp.

Input / Output Board (GPIC) RIO Mezzanine Connector (RMC)

Gate
Command
HBDO (14)

Simultaneous Relay Control Sinking DO Sourcing DI FPGA IOB
Al (16) DO (4) (24) (28) LVTTL (32)

3 “H o
Custom Interface PCB I GPIC Interface Connectors (IDC Headers) I
I . 4 s
. . Over-Current Fiber RX/TX,
Grid IV, Stack Ca=8 Pre-Charge, i Comparators, Redundancy,
Stack Gate I/V, Stator/Rotor ~ Temperature, ; Fans/Pumps, !
: ; , Line, DC Desat., Over- Time Sync, Mux,
Drivers, Fiber TX  I/V, Battery I/V, DC Link, Faults, Resets, ™
DC Link Monitorin Contactors Indicator Lights Temp, Auxiliary, E-  Custom Protocols,
L 9 g Stop, Door open HBDO, ADCs

o | . N7 NATIONAL
ni.com Matlab® and Simulink® are a registered trademark of The MathWorks, Inc. All D own Ioa d tra Talla q m a-te ra | ’ INSTRUMENTS'

other trademarks are the property of their respective owners.
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Complete Power Electronics Control Design Toolchain

Co-Simulation Based Development Industrial Internet of Things
(Multisim, LabVIEW FPGA, IP Cores) (In5|ghtCM SDK)

Remote
Support

/ Full Power

D|g|tal Dyno Test ngs

Real-Time HIL Simulation
(Veristand, OpalRT, StarSim, El. Motor Sim)

; . HIL

' T 15 s Testing
Mini-Scale Control \ /

Development System

Commercial Deployment
(General Purpose Inverter Controller)

Utility Networking Toolkits
(DDS, IEC-61850, DNP3, ...)

Power Measurement Suite
(IEC EN 61000, 50160, ...)
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ne results are In:
Improved approach to embedded design delivers a 4X advantage

. . What More Could You do with
What More Could Your Business What Could You Change in s
; " ) 3 Additional Embedded
do with an Additional Your Products to Win More ; )
) Projects / Year with the Same
114 Months? Business?
Development Budget?
180 $1,400,000 « 40 [ el el
] 150 .gﬂ Sg: I I
% - .l é $1,200,000 E . I I
§ g 120 l [ T $1,000,000 " [ I
3 3 £
2a o 114 _ :E: g $800,000 .:?_a‘ SMOREI
£3 Months| R £ 20 'EOJ'eqtsT,
Eé - 'L733737 _ éa. $600,000 % I I
g - S $400,000 E 1.0 L J
1] [o] " —
. 30 % $200,000 '-lEJ -
g b
0 4. = 0.0
W Use NI B Do Not Use NI mUse NI m Do NotUse NI B Use Nl mDo Not Use NI

Based on data from Wilson Research Group, 2012 National Instruments/UBM Survey of Embedded Markets, January — April 2012

*Assumes $100K per engineer fully burdened cost/year.
Does not include additional cost such as high-end EDA tools required for custom design — if included your advantage using NI increases.

View Survey Results

The UBM/EETimes study included 1,648 responses from embedded engineers from Americas, Europe VNATIONAI.
and Asia (margin of error +/- 2.0%). The Wilson Research study included 443 responses NI embedded ’ INSTRUMENTS'
design customers from Americas, Europe and Asia (margin of error +/- 3.9%).
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Reducing the Simulation to Deployment Cycle from Weeks to Hours

Traditional Methodology NI LabVIEW RIO Toolchain

Closed Loop
Simulation
<€

>
Closed Loop

Simulation

FPGA SW Cost FPGA SW Cost
1/0
Algo- /
ithm -
/O ri .
(70%) Algorithm
(90%)
Full-Custom Chip-On-Board
Circuit Design with 1/0 Support

— Download conference papers -
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_electronics between the point of

~ electronics” -US Dept. of Energy

Join the developer community at ni. Com/powerdev

The Digital Energy Revolution

I

- Digitized and digitally Clarke  Park PIFlux/Torque Loop Inv. Park bpac:ur.:cturl"hu:lulatlnn
controlled L CT % P

* Networked

* Field reconfigurable

* Modeled and simulated

 Improving at exponential
rates

\ i

“Today, approximately 30 percent of aII
power generation utilizes power

generation and consumption. By 2030, it VA1
is expected that up to 80 percent of all B e e L
generated electricity will utilize power AR e e e

e ——
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Oak Ridge National Labs (ORNL): Software-defined Intelligent Grid
Research Integration and Development platform (SI-GRID)

1L SRR |-E=
CONTROL
VALUES
PREDICTED
VOLTAGE, 3 :' |
CURRENT W N lif
PHYSICAL MICROGRID: REAL-TIME GRID SIMULATION:
NI RIO FPGA BASED CONTROL SYSTEMS FPGA BASED LOW-LATENCY
WITH LOCAL DIGITAL TWINS RECONFIGURABLE SUPERCOMPUTER
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Automatic Model Conversion to Reconfigurable FPGA Hardware

Models for power system including power electronics and electrodynamic
models are automatically converted to ultra-high speed hardware accelerated
implementation using graphical floating point high level synthesis.
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ORNL Real-Time Power Grid Simulator — Benchmark Circuit

SINGLE IGBT HALF-BRIDGE DATA

Power Grid Simulation System: (PHYSICAL MEASUREMENT vs. DIGITAL TWIN)
[ w- 32T M ﬂWFVDC[Vl Wﬁ
+ 80 FPGAs — =
* 450 Peer-To-Peer Streams = [ || @vesivsta [~
- 13 e [Gar || Bl [~
Between FPGAs - N [23 || @ nsial N
. . . > e -2 s ) [7] ¥_load [V] [~
* 1 Microsecond Simulation Q L e
. T B l.t.1 ] [7] Ternp A (C) [
* 32 GB/s Data Computed moas ™ ] ERES O 3

ii:ﬂl . ?;8“619756 ?08? ?UIS.S ?UIS.S e TUIS ?Dé.l I?09.2I33?

1 MHz Real-Time Grid Simulation:
* 2 Main Power Grids
e 80 Microgrids
e 80 Distribution Lines
* 160 3-Phase Inverters
* 160 Energy Storage
Converters
1280 IGBT/Diode Switches

32 GB/s
Data Computed

NATIONAL
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ﬂ Clarke5GL_src.vi Block Diagram on transfor.. EI

IEEE P1547 1 Anti-Islanding Protection (Active Frequency Positive Feedback Scheme)
File Edit View Project Operate Tools Window Ko
w  Qeflnjecton — [l @ m][@] ] bala]s [X 2L
_— F5SEL GAIN
Injection Freq. [Hz] [SELK — —!Pg:lscc l—;l—@"hase [deg] 1 1 ?‘ﬂ(t) Il
Injection Amplitude [SeL [AControl dT [s] ] . ETE]| Gain-Phase Valid? : (t)— 211 -3 -3 “(t)
tasgll) =31y &8 _v3||%
2 2 1.(t)

Freq Max Limit [Hz] [Seid— Grid Frequency Limit?

Freq Min Limit [Hz] |[5ELE—| AI@ »
¥56L | |alpha
Channel#E REECEEE
B :
¥ ¥SGL| (1547 Qref FF
#reference Fo [Hz]» %@ 0.57735 b b5l |beta
c[C=F =
transforms_IP_dev.lvproj/IP Builder « | 1 | b

1547 LPF alpha (1 Hz) |[5cie
1547 HPF alpha (0.1 Hz) |50 ¢
1547 Gain [(5ELK
1547 Qref Limit [p.u.] [SE00

[alpha = dT/(tau+dT) = 1-1/(2*dT*fc"pi+1)]

#Control dT [Ticks]k

i
i
{

NEXT STEP

JOIN THE DEVELOPER COMMUNITY AT
NI.COM/POWERDEV
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