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Wind Turbine Drivetrain Testing Facility (WTDTF) Data Acquisition System
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Components

» Temperature Monitoring System

High Speed Data Acquisition

Electrical Grid Monitoring

Low Speed Voltages, Current, Facility Monitoring System
Real Time Vibration Monitoring System

General Requirements

» Synchronization of data

 High (>2000 S/sec) and low speed (1 S/sec) data
« EMI/RFI noise immunity

» Secure yet accessible data
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Clemson eGRID Control and Data Acquisition System
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» Low speed grid monitoring data acquisition supplemental to real time systems

 Control of switchgear via a HMI integral to facility testing setup and execution
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Facility Electrical Design

Early Single Line

L >

» Number of switchgear components increased significantly with the addition of the eGRID facility

 Final design includes: 29 Feeder Protection Relays, 5 Transformer Protection Relays, 3 High
Impedance Differential Relays, 7 Advanced Reclosers, 9 Overcurrent Protection Systems

Near Final Design
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Electrical Grid Monitoring and Control Design
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Requirements

 Full control of facility relays via remote HMI using Ethernet communication

» Continuous electrical data available e.g. Volts/Amps/Frequency/ Status-Open/Closed/Fault
« Ability to obtain high speed data from a relay for analysis

 Although relays are “shared” in the facility, independent information needed to be available to
the three control rooms: Large Test Rig, Small Test Rig, eGRID

Vendor Selected
Schweitzer Engineering Laboratories (SEL) in Charlotte

Collaboration

» Clemson University — facility electrical design

» Savannah River National Laboratory — data acquisition requirements and system design
 National Instruments - data transfer coding design

» Schweitzer Engineering Laboratories — SEL hardware design and HMI design/implementation

@ Savannah River National Laboratory - We put science to work.”

TED BY SAVANNAH RIVER NUCLEAR SOLUTIONS



Grid Monitoring Topology and Communication Design
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DNP3 vs. Modbus

« SEL hardware includes a “Real Time Automation Controller” (RTAC) which handles all
communication with SEL equipment

» Two ways the RTAC can transfer data to external systems is via a DNP3 (Distributed
Network Protocol) or Modbus protocol.

* DNP3is a Utility industry data protocol that requires a server to direct data to a custom
data acquisition system

» Modbus is a common serial communication protocol that can stream data to a custom data
acquisition system

 Although DNP3 data communication is more complicated than Modbus it has advantages
In security, expandability and comprehensive data functionality
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Clemson University Wind Turbine Drive Train Test Facility
Electrical Grid Monitoring System Communication Diagram
SEL Project 0P4585.000.00, Rev. 7
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Test Rig 1 (15MW) Overview One-Line
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Test Rig 2 (7.5 MW) Overview One-Line
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Example Relay Interface
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Features of the SEL Systems

..................................................................................................................................................................

» Relays independently monitor multiple input variables and automatically provide the data to the RTAC
 Data is time stamped using a IRIG-B GPS satellite clock

 Distributed control and integration platform, Axion, allows for eGrid control and monitoring of 3rd
party equipment

» The “tags” for DNP3 data are easily set up and transferred to the data acquisition program using a
Kepware OPC server

 High speed incident data is automatically recorded and is accessible through utilities independent of
the DNP3 data stream or HMI control software

» There are embedded multiple layers of security: software and hardware
 Product line includes managed switches with FO connections for long runs

 All hardware is rated for high temperature and high reliability
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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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eGrid Overview One-Line
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eGrid Reactive Divider Network Controls
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Relay Information and Data Server Tags

R R R I R L R L R I L R L R L R I R R R T

Example Relay Information

RELAY: SEL-751A

DNP
Type|Index| PointID |Description | Units  |Value Type
Al 70000 IA_MAG A-Phase Line Current Amps REAL
Al 70001 IB_MAG B-Phase Line Current Amps REAL
Al 70002 IC_MAG C-Phase Line Current Amps REAL
Al 70003 IN_MAG Neutral Current Amps REAL
Al 70004 IG_MAG Residual Current Amps REAL
Al 70005 IAV Average Line Current Amps REAL
Al 70006 UBI Current Unballance % REAL
Al 0007 IARMS A-Phase RMS Current Amps REAL
Al "0008 IBRMS B-Phase RMS Current Amps REAL
Al 70009 ICRMS C-Phase RMS Current Amps REAL
Al 70010 INRMS Neutral RMS Current Amps REAL
Al 0011 VA_MAG A-Phase to Neutral Voltage Volts REAL
Al 70012 VB_MAG B-Phase to Neutral Voltage Volts REAL
Al 70013 VC_MAG C-Phase to Neutral Voltage Volts REAL
Al 70014 VAB_MAG A to B Phase Voltage Volts REAL
Al 70015 VBC_MAG B to C Phase Voltage Volts REAL
Al 70016 VCA_MAG Cto A Phase Voltage Volts REAL
Al 70017 VAVE Average Voltage Volts REAL
Al 70018 UBV  Voltage Unbalance % REAL
Al 0019 VARMS A-Phase RMS Voltage Volts REAL
Al 70020 VBRMS B-Phase RMS Voltage Volts REAL
Al 70021 VCRMS C-Phase RMS Voltage Volts REAL
Al 0022 VABRMS A to B Phase RMS Voltage Volts REAL
Al 0023 VBCRMS B to CPhase RMS Voltage Volts REAL
Al 70024 VCARMS Cto A Phase RMS Voltage Volts REAL
Al 70025 SA A-Phase Apparent Power kVA REAL
Al 70026 SB B-Phase Apparent Power kVA REAL
Al "0027 SC C-Phase Apparent Power kVA REAL
Al 70028 S 3-Phase Apparent Power kw REAL
Al 70029 PA A-Phase Real Power kw REAL
Al 70030 PB B-Phase Real Power kw REAL
Al 70031 PC C-Phase Real Power kw REAL
Al 70032 P 3-Phase Real Power kw REAL
Al 70033 QA A-Phase Reactive Power kVAR REAL
Al 0034 QB B-Phase Reactive Power kVAR REAL
Al 70035 Qc C-Phase Reactive Power kVAR REAL
Al "0036 Q  3-Phase Reactive Power kVAR REAL
Al 0037 PF 3-Phase Power Factor Per Unit REAL
Al 70038 FREQ Frequency HZ REAL
Al 70039 WEARA Breaker Wear, A-Phase % REAL
Al 70040 WEARB Breaker Wear, B-Phase % REAL
Al 70041 WEARC Breaker Wear, C-Phase % REAL
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OPC Server Tags

KEPServerEX - Runtime M=
fie Edit View Tools Runtime Help
Q= 4 |% M6 s = & B X B8
=155 DIP Master Tag Name | Address | Data Type | ScanRate | Scaling | Deseription -
= seL-TR2 ] AT_0DD0_TR2_YFMR_751A_IA_MAG  30.5.0.value Float 1000 fone
4R TR2 DAS_Map_DNP] 1AT_0001_TR2_XFMR_7S1A_I6_MAG  30.5.1valie Float 1000 Mane
1 AT_0002_TR2_XFMR_751A_IC_MAG  30.5.2¥alue Float 1000 Mone
1 AT_0003_TR2_XFMR_7514_UBI 30.5.3.¥alue Float 1000 Mone —
1AT_0004_TR2_XFMR_7S1A_TARMS  30.5.4.vale Float 1000 Mane
1 AT_0005_TR2_XFMR_751A_TERMS  30.5.5value Float 1000 Mone
7 AT_ODD6_TR2_XFMR_7S1A ICRMS  30.5.6.¥alue Float 1000 Mone
1 AT_0007_TR2_XFMR_7S1A_INRMS  30.5.7 ¥alue Float 1000 Mane
1 AT_0006_TR2_XFMR_751A_¥A_MAG  30.5.8.value Float 1000 Mane
1 AT_OD0G_TR2_XFMR_7S1A_¥E_MAG  30.5.9.alue Float 1000 Mone
1AT_OD10_TR2_XFMR_7S1A_YC_MAG  30.5.10.vlue Float 1000 Mane
1 AT_O011_TRZ_XFMR_751A_YAB_MAG 30.5.11.value Float 1000 Mane
1 AT_0012_TR2_XFMR_7S1A_YBC_MAG  30.5.12.Yalue Float 1000 Mone
%] AT_D013_TR2_XFMR_751A_WCA_MAG  30.5.13.Value Flaat 1000 Mone
1 AT_0014_TR2_XFMR_751A_UIBY 30.5.14.Value Float 1000 Mane
©1AT_O015_TR2_XFMR_7S1A_VARMS  30.5.15.Yalue Float 1000 Mone
1 AT_0016_TR2_MFMR_TS1A_WBRMS  30.5.16.Value Float 1000 fone
1AT_O017_TRZ_XFMR_7S1A_YCRMS  30.5.17.value Float 1000 Mane
1 AT_O016_TR2_XFMR_751A_SA 30.5.18.Value Float 1000 Mone
1 AT_0019_TR2_MFMR_TS1A_SE 30.5.19.Value Float 1000 fone
1 AT_0020_TR2_XFMR_7514_SC 30.5.20.Value Float 1000 Mane
1 AT_0021_TR2_XFMR_7514_S 30.5.21.Value Float 1000 Mone
1 AT_0022_TR2_XFMR_TS1A_Pik 30.5.22.Value Float 1000 fone
1 AT_0023_TR2_XFMR_7514_FE 30.5.23.Value Float 1000 Mane
1 AT_0024_TR2_XFMR_7514_PC 30.5.24.Value Float 1000 Mone
1 AT_0025_TR2_MFMR_7S14_P 30.5.25.Value Float 1000 fone
1 AT_0026_TR2_XFMR_751A_QA 30.5.26.Valug Float 1000 Mane
1 AT_0027_TR2_KFMR_7514_QB 30,527 Value Float 1000 Mone
1 AT_0026_TR2_MFMR_TS14_QC 30.5.28.Value Float 1000 fone
1 AT_0029_TR2_XFMR_7S51A_Q 30.5.29.Valug Float 1000 Mane
71 AT_0030_TR2_XFMR_7514_PF 30.5.30.Value Float 1000 Mone
1 AT_0031_TR2_MFMR_7S1A_FREC) 30.5.51.alue Float 1000 fone
1 AT_0032_TR2_XFMR_787_IAWL_MAG  30.5.32.vzlue Float 1000 Mane
€71 AT_0033_TR2_XFMR_787_JBW1_MAG  30.5.33.value Float 1000 Mone
1 AT_0034_TR2_MFMR_787_ICW1_MAG 30.5.34.Value Float 1000 fone
1 AT_0035_TR2_XFMR_787_IAW2_MAG  30.5.35.vlue Float 1000 Mane =
s e e v et e e e s sen il [ Ll_l
Date < [ Time [ source [ Event |
(Dayz0jz014 11:24145 AM KEPSarverEX|Runtime Runtime service started,
(iJsjz0jz014 11:24:45 AM KEPSzrverEX\RUNime Starting DINP Master Ethernet device driver.
(Dayzoizo14 11524545 AM DNP Master Ethernet DNP Master Ethernet Device Driver ¥5,14,491.0
Wapzojz014 11:25:02 AM KEPServerEX|Runtime Configuration session started by curiadmin as DeFault User (R/w)
8lz0j2014 11:25132 AM DNP Master Ethernet Device DNP Master SEL-TR2' initialization completed,
W siz0f2014 11:25:38 &M KEPServerEX|Runtime Configuration session assigned to curiadmin as Default User has ended
W siz0i2014 1120154 PM KEPServerEX|Runtime Configuration session started by curiadmin as DeFault User (R/w)
W sizojz014 1:21:43PM KEPServerEx|Runtime Configuration session assigned ta curiadmin as Default User has ended
M\aiz1jzoi4 10:48:17 AM DNP Master Ethernet Device 'DHF Master SEL-TR2' is not responding.
\ajzojz014 9:41:29 AM DNP Master Ethernet Device DHP Master SEL-TR2' does not support the LAN Time Sync Style write to object group 50, variation 3,
(iayzsjz014 9:41:30 AM DNP Master Ethernet Device ‘DHP Master SEL-TR2' initialization completed.
Wopiyjzois 30124 PM KEPServerEX|Runtime Configuration session skarted by curiadmin s Default User (R{w)
Al _1:l
Ready Default User |[Clients: 1 |[Active tags: 13 of 13 |
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LabView Program Reads Data From Kepware and Transfers to the Data Acquisition System

File Edit ‘iew Project Operate Tools Window Help
” DhP Data —
£ ata RI4 Time
. shared variables A 3493306716 4 3_ 2:58:36.,375 PM
Ao Naivy compusoristlogsir_onos_tro st ve s =] 141214 L 3/11/2014

Im {\My Computer| SELbagshal_0009_TRZ_XFMR_7S1A_YE_MAS = 14105.9 HO 1o
Im VM Computer|SELLagshAT_D010_TRZ_XFMR_7S1A_YC_MAG =] 141663 HO

Iﬁ WMy Computer|SELEags\AT_0011_TR2_XFMR_751A_YAB_MAG =] 24447 .6 HO

In ViMy ComputerlSELEags\al_0012_TRZ_#FMR_751A_YEC_MAG =] 24476 HO

Im {\My Computer|SELtagshAl_0013_TRZ_¥FMR_7SLA_VCA_MAG =] 24504 4 I 0

Im |\My Computer|SELtagstAl_D015_TRZ_XFMR_7S1A_YARMS =] 14115.7 l 0]

Iﬁ WMy Computer|SELEags\AT_0016_TR2_XFMR_751A _YERMS = 140876 HO

Im {iMy ComputeriSELbagsial_0017_TRZ_sFMR_751A_VCRMS =] 141595 HO

Im \\TRZ-SEL|SELtags|Al_0021_TRZ_XFMR_FS1A_S =] A02770.7 Ho

Im \\TR2-SEL|SELtags\AT_D025_TR2_XFMR_7S14_P =] 2618306 Ho

Iﬁ \\TR2-SEL|SELtags\AT_0029_TRZ_¥FMR_7S14_Q = -306046., 2 HO

Im \\TR2-SEL|SELtags|Al_0030_TRZ_XFMR_FS14_PF =] 0.7 HO—

8 S T

e d 0k B

g =l Jo o |

Kl vl 4

15t data point is the timestamp which is synchronized with other data acquisitions in the facility with a GPS timestamp
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Relay Communication Status

R R R I R L R L R I L R L R L R I R R R T

SEL [ ACTIVATE HMI READ-ONLY MODE ] [ LOGOUT

Mavigation P | Mew Alarm Motification | 122 alarms are available to be acknowledged. Bx

Navigation Pane a x Overview One-Line X | RDN Controls X | Communications x‘

+ Diagrams A

) ) Relay Communication Status
Overview One-Line
Overview One-Line
Communications

MAIN TIE Detail

X To TsTRigs
MAIN FLTR Breaker Detail Ethernet Switch
MAIN FILTER Detail
SWITCHGEAR M5G1
BLDG PWR Detail
SE-751A SEL-751A SEH-651R S5H-651R
HYDR PWR Detail BLDG PWR HYDR. PWR G5 XFMR A G5 XFMR. B
MAIN GSIM Detail |
% YEMR & Metail 5EL-3354 eGRID HMI ETH1 5EL-2730M eGRID ETHERNET SWITCH —
. COMPUTER
4 Static Trends
SWITCH
GEAR. SEL-751A S5EL-751A m SEL-751A
GSG1 PAUL IN PAUZ IN PALM IN
1 | 1
] | ]

|

|
SEL-751A SEL-751A SEL-751A SEL-751A SEL-751A SEL-751A
PAU1 OUT PAUZ OUT PAL3 OUT paudouT | CTRLBUSZ CTRLBUS3

SWITCHGEAR G5G2

SWITCHGEAR GSG3 .-

EXP
. : 1 SEL-351A SEL-351A SEL-351A SEL-351A SEL-351A SEL-351A SEL-351A
Dynamic Trends CTRLBUSL A CB1 ALTR CB1 CTRIBUS1 B RDN EXP EXP TR1 EXP TR3
1 1 1 1

Eﬂlf{lﬁ.! 1 1

SEL-2725 5EL-2750M eGRID ETHERNET SWITCH

Ethemet Sw
1 1 1 I | 1
RDN TAP1 RDN R 3 RON GND RDN N

REACTIVE DIVIDER NETWORK

Mavigation Pane

(@ Status: Last Update 9/11/2014 3:20:50 PM Current Project: =GRID HMI < T4 @
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Primary Team Members
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Clemson University — Dr. Curtiss Fox (fox8@clemson.edu)

Savannah River National Laboratory — Joe Cordaro (joe.cordaro@srnl.doe.gov)

National Instruments - Jeff Tipps (jeff.tipps@ni.com)

Schweitzer Engineering Laboratories — Gary Pederson (Gary_Pederson@selinc.com)
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