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On Nov. 23, 2009 the U.S. Department of Energy's Office of Energy Efficiency &
Renewable Energy awarded a $45 million grant by the US DOE for wind power — to
Clemson University. The purpose of the grant was to design, build and operate a
facility capable of full-scale, highly accelerated testing of next-generation wind turbine
drive-train technology.

The US Department of Energy’s Office of Energy Efficiency & Renewable Energy
objectives for the project are to:

* Accelerate the development and deployment of new wind turbine technology.

e Reduce the cost of energy delivered that will result in further growth in the market
leading to economic development.

e Support the country’s push towards energy independence.

The $98M facility which includes $53M of private and state contributions is
strategically located at the Clemson University Restoration Institute’s (CURI) campus at
the former US Naval Base in North Charleston, South Carolina. The location offers a
working port facility on the East Coast and worldwide access to wind turbine
innovators through road, rail or ship.

Text from http://clemsonenergy.com/about/background/
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Small Dynamometer @ SRNL ¢
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7.5 MW Test Bench Performance
Test Power 7,500 kW
Maximum Torque 6,500 kNm
Maximum Speed 20 rpm
Inclination 4°to6°
Static Axial Force + 2,000 kN
Static Radial Force + 2,000 kN

Static Bending Moment 1+ 10,000 kNm
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Assembling the Test Stand @ SRNL go
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Assembling the Test Stand ~ €SBNLgGe
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GE 1.6 Nacelle
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220 ton lift of assembled LAU
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Calibration (static)
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Large Dynamometer

15 MW Test Bench Performance Specifications

Test Power
Maximum Torque
Maximum Speed
Inclination

Static Axial Force

Static Radial Force

Static Bending Moment

15,000 kW
16,000 kNm
17 rpm
6°
+ 4,000 kN
+ 8,000 kN

+ 50,000 kNm

@ SIVINNAH RIVEII NII'IUNII. LABOMTOR\’

We Put Science To Work

o't



Presenter
Presentation Notes
50 ft x 100ft x 15 ft 
120 piles
650 tons rebar
Over 7,000,000 lbs of concrete


Bundlng the Large Stand
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Motor Drive System

e 11,000 HP Drive Motor on Small Test Stand
e Two (2) 11,000 HP Drive Motors on Large Test Stand
e Cooled via Plant Water




Facility Single Line Diagram @SBNL&:
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Main Facility Electrical Bus (23.9 kV)
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With all of the installed electrical capabilities,
SRNL and Clemson University proposed a second

project to DOE for funding.

e S2M DOE grant awarded

e Matched with S8M of funding from various utility and
industrial partners

* Proposed an innovative approach to fault ride through
analysis — using both a power electronics solution along
with a reactive divider to create low voltage fault
events
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Facility Single Line Diagram @3RNL &2

Main Facility Electrical Bus (23.9 kV)
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eGRID Single Line Diagram &SBNLGe
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SCEAG (Utility) Bus (24 kV)

TECO-Westinghouse
Power Amplifier

Configuration Switchgear

l_l i
B

Expenrnantal 24 kV Bus

Variable Resistors Air-Core Reactors



Electrical Capabilities

Overall Electrical Capabilities

Main Test Bay
Nominal Voltage
Nominal Power

Frequency Range

Small Test Bays 1 and 2

24 kV (50/60 Hz)
15 MVA (7.5 MVA)
45 to 65 Hz
3 and 4 wire operation
133% Continuous Overvoltage
Yes (includes Reactive Divider)

Yes

4160 V (50/60 Hz)
3.75 MVA (3 MW @ 0.8 PF)
0 to 800 Hz
3 and 4 wire operation
133% Continuous Overvoltage
Limited to Converter Only

. SAVANNAH RIVER NATIONAL LABORATORY ‘
iperated by Savannah River Nudiear Solutions, LLC

WT-DTF Utility Bus  (23.9 kV)
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Reactive Divider Network

Safety Considerations

— Access controlled room

— Automatic grounding system when not in service
Voltage Isolation

— 35 kV insulation system

— 2500 A (100 MVA) DUT fault duty
Performance and Flexibility

— Remote control of all elements allows for setup and
operation without the need for room access

— Individual phase operation allows for thousands of three
phase impedance combinations

Table of Fixed Reactance Combinations

Fixed Switch Series Fixed Total Total

Positions (mH) Shunt (mH) | Series (mH)

[ 1110 | 0 25 0-25 25-50
| 1100 | 0 50 0-25 50-75
| 1000 | 0 75 0-25 75-100
| 0-11-1 [T 0 25-50 0-25
| 0-1-1-0 [T 25 25-50 25-50
| 0-1-00 [P 50 25-50 50-75
| 0-0-1-1 [TV 0 50-75 0-25
| 0-0-10 [ 25 50-75 25-50
| 0-00-1 [T 0 75-100 0-25

@ SAVANNAH RIVER NATIONAL LABORATORY "
Operated by Savannah River Nudlear Solutions, LLC

We Put Science To Work

From Power Amplifier
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Reactive Divider Network ~ @SRNLE:
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From Power Amplifier
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Fixed and Variable Reactors @IRNL G
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Reactive Divider Network @ SBNLge
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From Power Amplifier
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0 25 0-25 25-50 L05T4
0 50 0-25 50-75 L = =
\ | LDGND
0 75 0-25 75-100 § 0-25 mH @
(5mH)
- . _ —-
igzjf Shunt Fault Reactive
e O- SCR Switch .
50 o 50-75 0-25 1 Divider
) - Network
50 25 50-75 25-50 W

75 0 75-100 0-25



TECO Westinghouse

TWMC Power Amplifier

Installed Power 20 MVA (15 MW @ 0.8 PF)
15 MVA (12 MW @ 0.8 PF)

Cabinet Power Split 4 x3.75 MVA or 2 x 7.5 MVA
Rated Voltage 0-4160V
133 % Rated Output Voltage
7 - Levels (9 - Levels Overvoltage)
3-66 Hz
110% for 60 s (10 min duty cycle)

Overvoltage
Multilevel Operation
Frequency Range
Overload Capability

24KV Utility Bus

L LLJ
T T

7.5 MVA 7.5 MVA
4160 = 4160 — 4160 — 4150—"-\
.
| Cabinet1 | Cabinet 2 l Cabinet 3 Cabinet 4 l
Powar Amp Powar Amp Power Amp Powar Amp Power Amp Power Amp Power Amp Power Amp
#1a #1b #2a #2b #3a #ib #da #4b
2.5 MVA 2.5 MVA 2.5 MVA 2.5 MVA 2.5 MVA 2.5 MVA 2.5 MVA 2.5 MVA
| .
4160—"] 4160 —= 4160 —» 4160 —F|

7.5 MVA

T.5MVA

Ll
M

EN

24kV Simulated Grid Bus

8 Parallel Amplifiers arranged into 4 Cabinets

@ SAVANNAH RIVER NATIONAL LABORATORY "
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Power Module
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4 Power Slices per Amplifier Section
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TECO Westinghouse

Phase Shifted Carrier PWM

— High degree of harmonic cancelation

due to multilevel architecture

— Increased reference sampling fidelity
Sampling fidelity is further increased by

using asymmetrical sampling of each
individual carrier

Modulation Index

Modulation Index

. SIVINNAH RIVER NATIONAL UBOMTORV ‘
by Savannah River Nudlear Solution:
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First noise mode is at 8 times
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Reference resolution also at 12
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Power Hardware in the Loop E@2RNLES
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15 MW TECO-Westinghouse National Instruments
Power Amplifier Interface Controller

\oltage and Current
Set Point Commands
and Measurements

Real Woltages and Currents
associated with BUS #N

BUS #N
\oltage and Current
Information

Real Voltage and
Current Measurements

RTDS
Real Time Digital Simulator

Device Under Test
“I’m connnected at Bus #N”’



SRNL High Current Calibration .SRNL ols
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100,000 Amps Pulse Capability
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SRNL High Current Laboratory




SRNL High Current Calibration ~ @SRNL £¢
Lab orato ry We Put Science To Work

Clemson
3 Phase CT
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Create customized, embedded solutions using the Windows XP Professional OS. Run graphic HMI, perform data collection, control devices, and connect to SCADA for a solution that fits your needs. Solutions include an integrated system for HMI visualization, SCADA, EMS (energy management system), SERviewer Software, communications diagnostics, and alarm details.
The SEL-3354 is loaded with SEL diagnostics and event collection software, HMI software, and SER (Sequential Events Recorder) reports. Optimize engineering time through automatic event report collection, settings management, and event report analysis software.
With these tools, you can show one-line status diagrams, provide IED (intelligent electronic device) detail, display control screens, display communications diagnostics, view SER events, display oscillograms and vector diagrams to analyze event reports, and show alarms.


eGRID Applied to Resiliency @SRNL &2
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> Ability to test and validate high powered components off the
grid but under actual Electrical conditions with the following
capabilities
» Validate Models by running simultaneous actual hardware
in the loop
» Teco-Westinghouse 3 Phase 20MVA Power Amplifiers can
duplicate actual grid events
» Reactor Divider Network can be combined to duplicate
variable resistive and high inductive loads
» Four wire system allows phase to phase faults, phase to
ground faults



Clemson University Wind Turbine Drive Train Test Facility
Electrical Grid Monitoring System Communication Diagram
SEL Project 0P4585.000.00, Rev. 7

Thursday, September 26, 2013
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& User Goals

| ~Monitor &
____Control System(s)

RNR RN
RGN WS IR

Physical System

Physical Environment




SAVANNAH RIVER NATIONAL LABORATORY
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Grid Integration Evaluation Testing SRNE“;

fo r Res i I i e n Cy We Put Science To Work
Cscze. 23.9 kV Utility Bus
Dedicated 28MVA
Substation
7.5MW Test Stand
!:_—['ux%fﬁj
20 MW HIL .,
Grid Simulator Advanced Converter Technology

Graduate Education Center

500 kW Solar Array
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Applications for Resiliency @SRNL 52
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Large Inverters EV Charging Stations Utility Scale Energy Storage

Traditional Distributed
Generation (Diesel, NG. etc.) Smart Grid
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