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1. SCOPE

This document defines the functional specification of the standard Goldwind Windfarm SCADA
System. Goldwind Windfarm SCADA System is designed according to Goldwind WTG and grid
requirements.

Goldwind Windfarm SCADA System adopts C/S and B/S double structure combined mode for
design in order to satisfy the application demands of different users under different environments.

The platform implements data processing, storage and publishing through data processing service
and data provision service, thus realizing the separation of functions and database system. The data
storage can be implemented by selecting different database systems according to users’ needs. The
central monitoring platform implements the real-time display of each wind turbine data and improves
the data acquisition efficiency through front-end services. The platform obtains the real-time detailed
status display of the wind turbine selected by implementing independent query mode of each wind
turbine as well as realizes the local control of the wind turbine selected by means of command
making.

Goldwind Windfarm SCADA System provides functionality at the plant level. A collection of plant can
be connected together into Goldwind Windfarm SCADA System. The additional features of the
Goldwind Windfarm SCADA System are defined in a separate functional specification.

Goldwind Windfarm SCADA System can be deployed in a number of options. Where these options
affect the specification it is indicated in the appropriate section.

2. SYSTEM OVERVIEW

The standard Goldwind Windfarm SCADA System consists of seven different components.
The standard components are :

‘Front-end processor service

-Data Process and Provide service

-Data Base service

‘Power Control Service

‘Web Service

‘Workstation

-Data protocol Service

Hardware and Software details of Goldwind Windfarm SCADA System can be found in APPENDIX
A.

The System consists of one or more Goldwind servers. These connect to turbines, meteorological
masts, substation protection and control system, kiosk-type transformer and other equipments on
the project through a Front-end processor.

Database Server is a central Goldwind database where wind turbines data (also substation data,
meteorological data etc) is hosted for Workstation or Web service reporting. The database server is

NANBFEMRER A=, HARKE T HEZ RIE 4
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located in a central location and is operated and maintained by Goldwind software service crew. The
Database Server is connected to the Goldwind turbines, substation protection and control system
and meteorological masts via the LAN.

Workstation is the control and monitoring user interface. Workstation is used by the service crews or
customers on site. Workstation is connected to the Goldwind turbines, protection and control system
and meteorological masts via the LAN. Workstation also provides data querying and reporting.

Web service is also the control and monitoring user interface. The difference is web service
connected to the Internet based on a TCP/IP networks. The SCADA system shall allow transmission
of information on the internet via web-server/firewall for public information. It shall be possible for the
Network Operator to remotely view data from the SCADA system.

The system is expandable so that several Goldwind servers can be networked together for large
projects. A single project can be divided into a number of sites (or phases) to allow for scalability or
to reflect geographical distribution of a project. Each module of Goldwind Windfarm SCADA System
is flexibly distributed. They can be distributed in different terminals or centrally installed on one or
several machines according to the conditions of the wind farm.

A schematic of a typical System is which was shown below. The details of any installation will be
project specific.

Goldwind SCADA

Internet Grid Company

b
@

Remote Real-time Dispatch
Workstation Data Col
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Figure 2.1 system overview
Goldwind Windfarm SCADA System mainly has the following characteristics:

1. Flexible monitoring mode: it cannot only realize single wind farm monitoring but also realize the
centralized monitoring of multiple wind farms or the simultaneous implementation of single wind
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farm monitoring and multiple wind farm monitoring.

2. Control function interlocking: during the simultaneous monitoring of multiple systems, the control
command implements interlocking. After the user of a certain system locks the control, other
systems or other users are unable to control. Only after the user of this system unlocks, other
systems and other users may implement control.

3. Strong data instantaneity and quick data refresh: under the single wind farm monitoring mode, the
data acquisition and refresh are synchronized. The cycle of data refresh may be less than one
second. Under the centralized monitoring mode, if the network bandwidth is enough, data
acquisition and refresh can also be synchronized. However, if the bandwidth is not enough, the data
transmission frequency shall be reduced. The data refresh is slightly lagged behind data acquisition.

4. Two monitoring modes (C/S and B/S): the monitoring platforms in C/S and B/S modes can either
run simultaneously or independently. They have same functions, basically consistent interfaces and
same data refresh rates.

5. Data transmission mode: compressed transmission mode is adopted for data transmission, which
saves the bandwidth. 20Kbit network bandwidth is guaranteed for each wind turbine to realize data
remote synchronous refresh with the refresh cycle of approximately one second.

6. Graphic interface: vector graphics are adopted for the main interface and detailed information.
They can be zoomed in and out freely.

7. System capacity: each monitoring unit is capable of monitoring at least 200 wind turbines or other
devices without influencing data refresh and other performance.

8. Network adaptability: with strong adaptability, the centralized control center and wind farm may
adopt VPN tunnel or DVPN and VPDN technologies to realize data interconnection.

9. Display interface: the interface is direct and visualized. The data is displayed to the users mainly
in form of graphics. When the user needs to query specific data, he may retrieve the data he
concerns through curve.

10. Data storage medium: currently popular databases including SQLSERVER, ORACLE and
POSTGRES can be selected to store according to user demand.

11. Data processing upon network communication interruption: during the communication
interruption period, the data may be permanently stored locally. However, after recovery of
communication, the data can quickly access the database. The data processing may receive more
than 3,000 deposited data in communication interruption per second at most.

12. High compatibility: it is compatible with wind turbine or other devices supplied by different
manufacturers with different models.

NANBFEMRER A=, HARKE T HEZ RIE 6
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3. SUPPORTED DEVICES

3.1 Wind Turbines

The standard System supports all types of Goldwind wind turbines. It also supports wind turbines of
different manufacturers.

Front-end processor which installed inside the turbine main control cabinet communicates directly
with each turbine controller. Data is collected from this equipment and sent to the data process
server via TCP or UDP.

l .
Internet | Grid Company
5 | :
<
Hente | Rewltlime
Warkstation iyt
| Cepter
| { I
S | Cpid
Luptup Confpany
1 Special
Melpark
Wind Farm o —
8 Roijter
rkstotion ot site g
Fire wull Foger  Data Protscol
Coniral Serer
Server
|:
Fromt-end

Prodessor

Wind ——
TFurhine -

Figure 3.1 Wind turbines communication method in Goldwind Windfarm SCADA System
3.2 Meteorological Mast

Meteorological Masts (Met Masts) are the standard meteorology station installed at wind farms.
Met Masts get power from the nearest turbine and are connected to the wind turbine scada network.
The Front-end processer at the switchgear building communicates directly with Met Mast logger.
The system supports any number of sensors and any number of Met Masts.

More than one interface can be supported per Met Mast, subject to physical limitations of

communications ports, such as Modbus Serial RTU (RS232 or RS485), Modbus TCP/IP and OPC
interface based on the OPC DA2.0 standard.
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10-minute data and daily data are calculated by the data process service and stored at the
Database Server.

MET MAST COMMUNICATION DIAGRAM
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TURBINE
PLC

COPPER
ETHERNET
(TYPICAL)

ETHERNET
SWITCH

OPTICAL
TRANSMITTER 48510 RI45
AND
RECEIVER OPTICAL SERIAL
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Figure 3.2 Met mast communication diagram
3.3 Substation protection and control system

The system supports collection of data from the substation protection and control system. 10-minute
data, daily data and event data are generated by the data process service and stored in the
Database Server. This is via the following communication interfaces:

B Modbus Serial RTU (RS232 or RS485)
B Modbus TCP/IP
B CDT protocol interface
B 101 protocol interface(DL/T634.5101-2002)
B 102 protocol interface(DL/T719-2000)
B 104 protocol interface(DL/T634.51041-2002)
FRONT-END
RTU PROCESSER
SUBSTATION | COPPER ETHERNET | MODBUS TCP
PROTECTION or
AND CONTROL 102,104
SYSTEM PROTOCOL
Figure 3.3a
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Front-end processer communicates with RTU via Ethernet network and use Modbus TCP/IP or
101,102 ,104 protocol.

SERIAL TO SERIAL TO FRONT-END
RTU SERIAL SERIAL PROCESSER
CONVTER CONVTER
MODBUS
—RS-232— —RS-485— —RS-232—
SUBSTATION RS.232 RS.485 SERIAL
PROTECTION 10 10
AND CONTROL RS-485 RS-232 D
SYSTEM - - CDT
Figure 3.3b

Front-end processor communicates with RTU via serial and use Modbus Serial or CDT protocol.
3.4 Kiosk-Type Transformer

Kiosk-Type transformer data acquisition equipment is additional equipment which needs to be
installed in the cabinet at base of the wind turbine.

Each transformer interface needs a transformer data acquisition device and several
lightning-protection devices.

The device receives analog signals of box-type transformer, and converts analog signals into digital
signals.

Equipment Specification:

B Al (Analog Input)

Channel Number: 5 Differential Input

Resolution: 16 bits

I/O Mode: Current

Input Range: 4~20mA

® DI (Digital Input) ,DO (Digital Output)

Channel Number: 12

I/O Mode: Digital input or digital output can be configured by software
B Temperature Input

Channel Number: 3 RTD Input

Resolution: 16 bits

I/O Mode: RTD (Resistance Temperature Detector)
Input Range: PT-100

E LAN

Ethernet Network: 1*10/100Mbps, RJ45
Protection: 1.5KV Magneto-Isolation Protection

Protocol: Modbus/TCP , TCP/IP , UDP , DHCP , Bootp , HTTP
B Power Supply Requirement

Power Input : Standard 24VDC , 12 ~ 36 VDC

NANBFEMRER A=, HARKE T HEZ RIE 9
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Kiosk-Type Transformer Data Acquisition Device

3.5 Other equipments

The system supports collection of data from other equipments. It is the client’s responsibility to

provide details of the interface for any specific projects and to provide any software and licenses
required for the interfaces.

KIOSK-TYPE TRANSFORMER
COMMUNICATION DIAGRAM

TURBINE
ETHERNET
SWITrCH
KIOSK-TYPE CROSS
TRANSFORMER NETWORK

CABLE
[ DIGITAL
SIGNALS |

LIGHTNING TRANSFORMER
PROTECTION DATA
DEVICE ACQUISITION
DEVICE
ELECTRIC CABLE
[ ANALOG SIGNALS | FIBRE ETHERNET

INDUSTRIAL
ETHERNET
I]‘_{DIVSTRIA!_, SWITCH
it || moxrESe fwren' || e
SERVER SERVER (100M /16 RJ4S OPTICAL PORT/
PORT) 16 RJ45 PORT ,
RING
NETWORK)
SWITCHGEAR BUILDING
4, ENVIRONMENTAL CONDITIONS
Servers .
. Operating Temperature: 10°C to 35°C (50°F to 95°F)
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. Storage Temperature: -40°C to 65°C (-40°F to 149°F)

. Operating Relative Humidity: 20% to 80% non-condensing (non-condensing twmax=29°C)
. Storage Relative Humidity: 5% to 95% non-condensing (twmax=38°C)

. Maximum Humidity Gradient: 10% per hour, operational and non-operational conditions

. Operating Vibration: 0.25 G at 3 Hz to 200 Hz for 15 minutes

. Storage Vibration: 1.54 Grms Random Vibration at 10 Hz to 250 Hz for 15 minutes

. Operating Shock: 1 shock pulse of 31 G for up to 2 ms

. Storage Shock: 6 shock pulses of 71 G for up to 2 ms

. Operating Altitude: -15.2 m to 10,668 m (-50 ft to 35,000 ft)

. Storage Altitude: -15.2 m to 10,668 m (-50 ft to 35,000 ft)

5. SITE NETWORK COMPATIBILITY

The System uses Ethernet for communications between the central System server and the
Front-end Processors.

The System requires a 100 Mb/s RJ45, F/UTP Ethernet connection adjacent to each server and
each Front-end Processor.

The network infrastructure between the servers and Front-end Processors is not part of the standard
6. DATA COLLECTION

6.1 Real-time data

The SCADA system can acquire operating data in real time from all wind farm and ancillary system
instruments and controllers including:

B Wind Turbine Generator controllers (WTG) — wind turbine and generator data in accordance
with the IEC61400-25-2 information model.

B Met Masts — weather data in accordance with the IEC61400-25-2 information model.

B Substation Protection and Control Systems — power transmission and protection data in
accordance with the IEC61850-7-3 information model.

All data acquired is time stamped.

The system stores all the real-time data as a zipped SQLLite file. A new file is created for each
turbine, met mast and substation every day.

This data can be viewed on site and remotely at an update rate of once every three seconds.
The real-time data can be exported to third-party software, such as Excel.

The standard system provides six-month storage on the server. More server disk space can be
added to prolong real-time data storage time.

Users can back up the real-time data files to other storage media if required.

NANBFEMRER A=, HARKE T HEZ RIE 11
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6.2 Statistical Data

The analogue signals are processed at 10-minute intervals.
Statistics are produced from the data processing including: mean values, min and max values.

Incremental counters such as kWh and kVArh production, maintenance time and system OK time
counters are stored as incremental counts.

The attached is the requirement specification of data exchange between TSS947 Substation
SCADA and Goldwind SCADA. It includes the requirements of transmission medium, protocol,
services and data point list.

6.3 Event Data

If any turbine is switched off or has a fault, an event can be generated to flag this.
Event data includes: turbine status change data, turbine fault data.

Priority Alarming: The software provides a priority alarming system, such that each alarm may be
assigned a priority by the user and each priority shall have a unique display message.

An alarm notification system can be provided which alerts operation/maintenance staff if any part of
the wind farm requires attention via sms and also has the capability of notifying the relevant people
via email.

Event data is kept online for the duration of the project.

6.4 Daily Data

Statistical data is aggregated to create daily statistics at the end of each day. Daily data is kept
online for the duration of the project.

6.5 Power Curve data
Power output and wind speed data is obtained and used to generate the power curve.
Power curve data is kept online for the duration of the project.

7. TIME SYNCHRONISATION
The System stores all internal time stamps in UTC time.

The system is set to run at a specified GMT offset. All day boundaries are based on this GMT offset.
The server times are synchronized with an external GPS Satellite Timing Synchronization System.
GPS or radio based time sources can be included on a per project basis but are not part of the

standard system.

Front-end Processor times are synchronized to the server.

NANBFEMRER A=, HARKE T HEZ RIE 12
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8. DATABASE

The database contains data structures with selected essential meta data, project specific
information and operational data being produced by the turbine controllers at site, being Goldwind
turbines, Met masts and Substation protection and control system. All data apart from the zipped
high resolution data files (zipped SQLLite files) are stored in a MS SQL Server database.

The data structures in this document are maintained and continuously developed upon by the
SCADA Development team at Goldwind.

Goldwind reserves the right to make any modifications to the data structures without any prior notice.
Modifications include and is not limited to changes in table structures, data types, naming
conventions etc.

9. USER INTERFACE

The SCADA system provides graphical user interfaces (GUIs) for the use of the wind farm operators,
and by other users of the system. The GUIs conform to contemporary standards for display
appearance, resolution and usability. The GUIs provide a hierarchy of displays arranged in a logical
arrangement.

Remote user access is through a standard web browser allowing multi-user access. Remote users
can access the system from any PC with a Web Browser and Internet access.

Local users can access the system through a standard Web Browser on any locally networked PC
or install a windows application program.All access is password protected.

Open wind farm central monitoring platform program, and then the system login interface will be
displayed as follows:

\ £ REE

GOLDWIND

UserName; user] PassWord: ® capToHalgtnl  [(GTNE
Language:IEnglish vlj Login ; Reset
Figure 9 login interface
MNRERER Az, HARKE T EZRHE 13
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Enter correct user’'s name, password and identifying code and click “Log in”. Then, you can log in
the system

9.1 Authority and security

Goldwind Windfarm SCADA System is of very high safety. Since the centralized control mode is
adopted, the data transmission may be carried out by means of Internet. This system adopts
encryption algorithm to encrypt the data transmission in order to guarantee data security during
transmission process.

If this platform system is only used inside one wind form, the function of encrypted data transmission
may not be used. As for the users of the system, different authorities can be assigned. The user
may only operate authorized function modules, which may guarantee the security of some important
data. Meanwhile, the system will record detailed operation log for the operation carried out by each
user who logs in the system, which is helpful for accountability tracing and various evaluation
processes in the later stage.

9.2 Wind Farm Overview

Main information interface is the first interface after the user logs in the system. The information of
the whole wind farm can be browsed in this interface.

The main interface displays the data concerned in the whole wind form in form of curve. The time
period displayed by each curve can be freely defined (e.g. mean wind velocity, total power, etc. of
the whole wind farm). The user may see the trends of the whole wind farm at any time. The quantity
displayed can be freely defined. See the following diagram:

/2 Goldwind SCADA System - Windows Internet Explorer [_ O}
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Figure 9.2 wind farm overview

The statuses of the wind turbine are displayed by using different colors. The user may tell the

j‘}/\‘ﬁ{i/!‘:h}\m[ RKHAZ, VH/[\ A 14
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current statuses of the turbine according to the colors displayed like communication interruption,
failure and whether it is synchronization or running with limited power.

9.2.1 Start/stop monitoring
Users can start or stop monitoring by clicking start/stop button on the webpage. (seen figure 9.2.1)

Tuet - Bset | @stop] Tuist | st

Figure 9.2.1 start/stop button

9.2.2 List/Graphic view

The main information interface of the monitoring platform has 2 display methods: graphic view and
list view. They can be conveniently switched according to relevant demand. Users can change view
by clicking list/graphics button on the webpage. (seen figure 9.2.2)

: @stop| Aist [ EFset - (6] stop| 22 Graphics | 158t

Figure 9.2.2 list/graphics button
List View of Wind Farm: The wind farm can be viewed in tabular form and the information for
turbines is configurable.

Information available for each turbine includes: turbine name, turbine status, wind speed, active

power, reactive power, frequency, power factor, production, and operating time etc.
/€ Goldwind SCADA System - Windows Internet Explorer g@

= 209.62.251.90

urrent Day Curve E Power curve chart WTG batch control Change password ! Change user . Exit

B stop B eraphics : T8st
WTG Status Wind Speed  Theoretical Active Power Active Power Reactive Power Energy Yield Energy Counter Fault
FAQ1 Onling 1033 135273 1465.50 3845 8917431.00 8917431.00 Normal
1FADZ Onling 111 1455.40 1523.61 4443 9074620.00 9074680.00 Normal
FAD3 Online 1008 1355.37 1530 44 7862 9550971.00 9550971.00 Normal

F(" Stat | Namewuser1 Total Production:27,543,082kwh  Current Year Production:2,351,393kWh  Curent Month Production:855,164kiWh _ Curmet Day Production:69,045kWh 2012-02-24 23:13:03

Done @ Intemet v B0k -
Figure 9.2.2a list view

Information is which was shown on list view could be customize by users . Seen '9.2.3 set operating

parameters'

Graphics View of Wind Farm: This view shows an icon for each turbine, meteorological mast and
substation on the wind farm. Status is indicated via a color wind turbine icon.

NANBFEMRER A=, HARKE T HEZ RIE 15
Preserving white clouds and blue sky for human beings and reserving more resources for future



@& GOLDWIND ENG GW 21000. 1-2012

& Goldwind SCADA System - Windows Internet Explorer E‘@J

= 209.62,251,90

B stop FList i

10. 13m/s
1480, 031N
FA03
Online

? Start ‘ Namewuserl Total Production:27,543,175kWh  Current Year Production:2,351,486KWh  Current Month Production:855,257kWh  Currnet Day Production:69,138KWh 2012-02-24 23:14:21

Dane € Intemst a T ®ion -

Figure 9.2.2b graphics view
9.2.3 Set operating parameters
Users can set operating parameters by clicking set button on the webpage. (seen figure 9.2.3).
Operating parameters consists general setting, chart setting and list setting.

. (B stop A List

Figure 9.2.3 operating parameters setting

=4 Set - Webpage Dialog
e save 2ok
General
Sampling period: 1 geconds®
Track length: g minutes®
|

Be careful! In ordar to enahle the systerm to smooth running, please discrately chanoe tracking time
setting! Track lenath is langer, consumes system resaurces will he more and moare. Please sat
according to the reguirement as small as possible track lenath, in order to ensure the monitoring
program can set sampling cycle to perfarm a task acquisition!]

Figure 9.2.3a General setting
The data refreshes every second on site and every 1-5 second(s) remotely. The remote refresh rate
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depends on the internet connection speed of the web server at the wind farm. Users can set
sampling period and track length on this webpage dialog. Click save button to save settings.

@5&!: -- Webpage Dialog ]
:_ HSave e
General Chart
Chart name: | State x|  AddChat | Delete Ghart

Curve: Add Delete [ Cosxial [ Sguare wave

Mo Mame Walue selection mod Unit  Factor Color  MAX MM
1 Online Statistic 1 oG ] ]
2 Offline Statistic 1l i
3 Fault Statistic 1 o i
4 No Comm Statistic 1 #Hi00 a0 1]

Figure 9.2.3b Chart setting
Chart setting allow users to add or delete charts on the webpage. Users also can add or delete
curves on the webpage. Click save button to save settings.

: I save ¥
I _ .
| Genera List
: == [~ Main infarmation @ Wind Speed
| @ ind Speed @ Active Power
i W WWind Speed @ Ambient Temp
= IV Active Power # Theoretical Power
@ ¥ Theoretical Power @ Reactive Power
g [ Active Power @ Grid Frequency
=+ W Reactive power @ Power Factor
@ ¥ Reactive Power w Grid Voltage UL
=1 ™ Total active power @ Grid Current 11
-~ @ ¥ Energy Yield # Gen Speed Momentary
1 [T Acceleration @ on'Wind Direction of Macells
H-| [~ WWarning information @ “aw Spead
#- | [ General remote communication data @ Energy Yield
i F- | [T Totaltime
! | [T Poweer consumption
' H-| [~ Generating hours
®- | [T Downtime
| ™ Fault

Figure 9.2.3c list setting
List setting is used to customize users data requirements which was shown on webpage of list view.
Select check-marked box to pick data needed. Then click save button to save settings.
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9.2.4 Failure and warning display window

The operation condition of each wind turbine can be timely and directly understood through “Failure
and warning display window” at the bottom of the main interface. The failure and warning associated
information amount can be set. If the associated information amount is set, the set information
amount will be displayed when failure or warning is reported to facilitate the judgment and search of
reasons. See the following diagram:

Figure 9.2.4 Failure and warning display window
9.2.5 Shortcut buttons for frequently used functions
Goldwind Windfarm SCADA System offers shortcuts buttons for frequently used functions. Users

can access these functions by clicking the shortcut buttons which was shown on the webpage.

Log Current Day Curve. E Powret curve chart WTG hatch control 2 cha e [ rd ! Change user - Exit

Figure 9.2.5 shortcut buttons

The shortcut buttons are:

-‘Log

-Current Day Curve

‘Power curve chart

‘WTG batch control

-Change password

‘Change user

-Exit

The function of each button will be shown in the later chapters.

9.3 Detailed information of wind turbine

9.3.1 Real-time data

Double click wind turbine icon on the webpage to check the wind turbine with detailed information.
Enter the wind turbine detailed information display page as which was shown in the following
diagram
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/€ Goldwind SCADA System - Windows Internet Explorer E]

= 209,62.251,90

ange password |8 Change user . =8

Wind speed: 16.94 mis Power 1515.92k Status: Online Main Information Date: 2012-02-26 15:33:42.242 Nacelle location: 267 48 deg

e i i Analog Variables Totsl Time Signal Variabl
Converter - C - - < it @ [ ]
Yawing ocal Time
lectricity Consumption utostart Counter Max
- [p012-02-26 16:35:21
REECie [ictive Power 80 [ ]
Impeller 11515. 92 — -
e ectricity Production Tine
Generator 0 700 utostart counter §2016. 50 B ind St;rm In 10 Seconds
Cooling system

Transi heoretical Active Power orking Hours ind Storm Womentary
ransformer 1537. 87 W wbient O Time 7322. 60 1) ®
Grid system 6117.05
Power-on Time master windturbine
ogular Uaintonance Time [16149. 80 ®
. 00 h

ystem OK time
5661. 55

Reactive Power
6. 74 kVar
600

o
c::lurnthm Effective Value ailure Time ind Storm Detected
XH B76. 30 ®
. 0]

‘'ower base emergency stop
feceleration Vomentery C® @ |
p. 01 €

aw Lubrication Time

- 2012-02-21 00:00:00

[cceleration X

0.04 € Base UPS Supply Ok
Control command [ — aw Untwist Time r"“’ 3 ° upply

012-02-25 10:29:00
Historical data query

T Ton ¥ lode 11 Supply Fuse Defect
Real time data tracking coelerat ion frun Dats ®

6 Start | Name:useri  Total Production:27,662,983kWh Current Year Production:2,471,294kWh  Current Month Production-975,065k\Wh  Currnet Day Production:67,658kWh 2012-02-26 15.33:42

Dane & Internet fg v R0 v

Figure 9.3.1 detail information of wind turbine
The top side of this webpage is wind turbine operation status recording. It records wind turbine's
operation status, includes production, start, stop, stand still, fault, FEC break etc.

Wind speed: 15.05mis Power; 1521.90kY Status: Online Main Information Date: 2012-02-2615:43:27.414 MNacelle location: 250.04 deg

Figure 9.3.1a operation status window
The left side of this webpage is Information tree of wind turbine. The information tree includes main
information, patch system, converter, yawing, nacelle, rotor, generator, cooling system, transformer
and grid system. Users can get data from each system by clicking each item, also can get signal
variables information of each system.

Realtime data

10 NPTt o

Pitch system
Converter
Yawing

Macelle
Impeller
Generator
Cooling system
Transfarmer

Grid system

Figure 9.3.1b Information tree of wind turbine
In the middle of this webpage is Detailed information display area. The content displayed based on
users' selection from Information tree of wind turbine on the left side.
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Main Information ) Analog Variables ] Total Time
nergy lield

B956960. 00 kWh 2012-02-26 15:33:42. 242

ocal Time
Tectricity Consumption B e
Bctive Power 1 803. 00 kWh [p012-02-26 16:35:21
1515. 92 Electricity Production Time

52916. 50

urs .
sbient OK Time 7322.60 h
B - |

6149. 80 B
me.

1 55 b i
ailure Time
B876. 30 h

aw Lubrication Time
Rcceleration X [2012-02-21 00:00:00
04

ode 11 Supply
bup Date | p |

Figure 9.3.1c Detailed information display area
Left side on the bottom of this webpage is control command, historical data query, real time data
tracking, these functions will be shown in the later chapter.

Cantrol command
Historical data query

Real time data tracking

Figure 9.3.1d other functions
9.3.2 Control command
Double click wind turbine icon on the webpage, go to the left side on the bottom of the webpage,
choose 'control command' to open wind turbine control command window.

Control command

R.eset

Start

Stop

Left yaw

Right yaw

Stop vaw

Reset auto start count

FPower limit cantrol

Cancel power limitation

Set reactive power

Cancel reactive power

Lock control

nlock control

9.3.2 control command window
Click relevant commands to sent the control commands to the equipment including reset, start, stop,
left yaw, right yaw, stop yaw, reset auto start count, power limit control, cancel power limitation, set
reactive power, cancel reactive power, lock control, unlock control. The following diagram displays
the operation of reset control.
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Control command Main Information Analog Variables Total Time
Reset d d nergy Yield ime
- BOTET. 0 s

Start

oo lectricity Consumption ocal Time
! | 3 B012-02-27 11:51:21

SEEE Active Power 803. 00 oh T
37.60

Right yaw I | — S Electricity Prllcticm Time
Stop yaw [ 0

Reset auto start count

eoretical Active Power
Power limit control 17. 47

Cancel power limitation

[i]
Set reactive power

o] ot |

Cancel reactive power Reactive Power -

Lock contral 3.42 k‘r” Eysten OK time ]
Unlock control 5680. B0 h

cceleration Effective Value

Figure 9.3.2areset command
Click OK to reset wind turbine, click cancel to cancel reset.
9.3.3 Historical data query
Data storage can be classified to real-time data storage, ten-minute data storage, and daily data
storage. The query can be carried out from the abovementioned three data types.The ten-minute
interval data is saved in the database for more than one year. The user may set the saving time, and
the principle of first-in first-out (FIFO) is adopted. The real-time data can be permanently saved in
the files. The daily interval data can be permanently saved in the database. The real-time data is
permanently saved in the hard disk of the server in form of file. When the hard disk has insufficient
space, the user may backup the data to other mediums. All data queries are unfolded in form of
curve and data. The graphics are mainly focused on. The graphics can be zoomed in and out. The
query results will be exported to Excel table.

Double click wind turbine icon on the webpage, go to the left side on the bottom of the webpage,
choose 'historical data query' to open wind turbine historical data query window.

Historical data query

Real time Data Query
A10-minute Data Query
Daily Data Query
Fault CQluery

Figure 9.3.3 historical data query
In the menu of “Historical data query”, the query of real-time data, ten-minute data, daily data and
historical failure can be carried out.

The operation is the same as the operation of relevant menu in “Start-Data query report”. Please

refer to “Data query-Real-time data query”, “Data query-Ten-minute data query”, “Data query-Daily
data query”, and “Data query-Historical failure query” for detailed introduction.

9.3.4 Real-time data tracking
Double click wind turbine icon on the webpage, go to the left side on the bottom of the webpage,
choose 'real-time data tracking' to open wind turbine real-time data tracking window.

Real time data tracking

Real time data tracking
Real time data contrast

Figure 9.3.4 real-time data tracking
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Select equipment, amount to the queried, same vertical axis comparison, etc. and click the button of
“Query”. Then, the real-time data tracing conforming to the query condition will be displayed. See

the following diagram.

& Goldwind SCADA System - Windews Internet Explorer
e 2096225150

g

) Low [BR] cusrent 0y Gurve [ Powes curve chart B wre bt conivol [BB] change pisswora [ change user [BB) et

Wind speed: 1,35 mis Power.  -1.71 kA Stalus: Standty Maln Information Ciate: 2012-02-27 11:36:31 554 Nace#a locadon; 300.62 dep
[Realtime data . unrt FADL w| ¢ Pga | [Bepon
Contrel command ' ¥ Main informtios
Historical data query #-1 P Wind s
Real time data tracking || ¥

Feal time data contrast

F Acceleralion

7 Total vme

W Fower consumgtion
¥ Generatng hours

W Downtime

bt O Time: 16137, 1n.Data Teme 1.8 Tamg 103 192 £deg:Wind Direstion 295 v 108 STdex

™ Piich system
™ Converter

Time
f Sai | Nameusel  Tobad Producion 27,724, 115K Cument Year Piedudion.2 532, 426KWh _ Curment Monith Production: 1,036, 187KWh_ Currnet Day Producion 23 625K0n 2012-02-37 11.38.14
B Vel ac Miow -

Figure 9.3.4a real-time data tracking
Click Export button to export data to Excel.

E}{pnrt

Figure 9.3.4b export button
Click set button to set real-time data tracking parameters. It includes Track length settings and

screen settings.
Set -- Webpage Dialog &

e
= 209,62.251,90 |

: ﬁCuslum Valug Appby _'.[‘ Save

Track length;
Track length: 10 minutes®
Sampling penod. 1 seconds”

Be carefull in order to enable the system to smooth running, please discrete|
change tracking ime sefing! Track lenath is longer, consumes system resources wil
be more and more. Please sel according fo the requirement as small as possible
track length, in arder to ensure the monitoring program can set sampling cycle to

perfarm a task acquisition!

hittp: /{209, 62.251 90:85{Systemfmain_one aspx7ttle=Setfdialogh: & Internst

Figure 9.3.4c set parameters window
Fill propriety track length and sampling period, click save to save settings.
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Set -- Webpage Dialog

€]
= 209.62.251.90

¥ custom value Apply = Save

Track length:
1

Sam|

=

Settings saved successfully!

htbp: /209,62, 251 . 90:88) Svstemfmain_one. aspx?title=Setfdialog @ Internet

Figure 9.3.4d save settings

Double click wind turbine icon on the webpage, go to the left side on the bottom of the webpage,
choose 'real-time data comparison' to open wind turbine real-time data comparison window.

Select “Real-time data comparison” to query and set query conditions like comparison quantity and

compared wind turbine. Click “Query”, and then the real-time data comparison results conforming to
the conditions are displayed. See the following diagram.

Wind speed

ReakHime data

Control command

Historical data query

Real time data tracking
Real time data tracking

Siy m,
2 40mis Power

|° Contrastyolume; Wind Speed

Uilk = FAD1
9. 40k Status: Online

E| Log Current Day Curve Power curve chart WTG bateh control [ 2B change password Change user Exit
[E] .

Main Infarmation Date: 2012-02-27 13:06:11.178 Nacelle location: 22538 deg

x

v | [slarchat | Fget | EExpon
=-gat ¥ Uilk
W FAOT(Z.4mis)
= [ FAD2(3.34m/s)

v FAD3(2.88mls)

—FA0Y

1?';" Start. ‘ Name:user1  Total Production:27,724,124kWh . Current Year Production:2,532,435k\Wh  Current Manth Production:1,036,208k\Wh  Curimet Day Production.23,634kWh

Figure 9.3.4e real-time data comparison
Click the line chart/bar chart button to switch view.
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Click set button to set parameters. The operation is the same as the operation of setting parameters
in chapter 9.3.3. Please refer to 9.3.3 see more details.

: et

Figure 9.3.4g set button
Click Export button to export data to Excel.

E}{pnrt

Figure 9.3.4h export button
9.4 Data query

In the menu of data query, statistic data query, historical status query, historical failure query,
real-time data query, ten-minute data query, daily data query, data query of wind farm, query of loss
of electric quantity of wind turbine, equipment information query of wind farm, query of power
changing rate of wind farm, event action log query, user operation record query and latest data time
query are available.

Click “Start-Data query report” to display menus available for query as shown in the following
diagram:

[l | Status Query

1 | Fault Query

1| Event Log Query

= , Event and Fault TimeStamp Guery
—. Real time Data Query

| | 10-minute Data Query

Lsd | Daily Data Query

[1d/| Wind Farm Data Query

= Aind S
& Data Query Repant »

Power Grid Data
| Data Statistic Report
Historical Data Relation Comparison
= Flle Data Browse »
&5 Graph Analysis

(|| Wind Farm Output Guery

! | User Operation Record Query
_1|Latest Dala Time Query

'?E. E‘u’\ﬁnﬂ Fami Control * L , Eguipment infornation Query
[2) | Help 1 Static Data Query

ﬁ Stat | Name:wserl  Total Production:f48Kwh Current Year Production 4
Figure 9.4.1 data query report
Data query report offers information query below:

-Status query

-Fault query

-‘Event log query

-‘Event and fault timestamp query
‘Real-time data query

-10-minute data query

-Daily data query

‘Wind farm data query

‘Wind farm output query

-User operation record query
-Latest data time query
‘Equipment information query
-Static data query

9.4.1 Status query

Status query is a function which can provide single wind turbine status during a certain period of
time.
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Click “Start-Data query report-status query” to query wind turbine status.

@ i Ben
Q Search B Qwerlay Data LF‘.; Export

ind turbine
status

Status Query

Starttime: 2012 03-01 00:00:00 ~ ) End firme: 2012-02-13 33:58:59 -

Select startdzend
turie here

Selecta
-(igag[wind
ig4g| hwbie
sas| DETE

121540
-1 548
~121549
-12/ B0

121861

21552

121808
-12/ 856
- {21557

A Ciruit2

Fcircuit3

Ficircuita

Aicircuits

main display area

Status code

[

State time
Mo, Status cod  Status duration(s)  Duration descr WTG status
1 2012-M-16 20:53:07.353 ] 2400652.00 27day(s) 18ho1 Service
2 2012-02-1315:43:59.353 9

State time

‘ext descriphion area

Figure 9.4.1 status query

Users can select a wind turbine from left side of the webpage, then select start&end time on the top
of the webpage, wind turbine status will be displayed in main display area, on the bottom of the
webpage, there are text descriptions about state time, status code, status duration(s), duration
description and WTG status.

9.4.2 Fault query
Fault query is a function which can provide single wind turbine fault(s) during a certain period of time.
It includes fault statistics query and fault details query.

Click “Start-Data query report-fault query” to query wind turbine fault(s).

" Fault Query k "
5 il ot T -
(=13} 7 Shady Oaks Start fime, 20120201 00:00.00 =] End fime] 2012 0213 23.69:50 - W Eearh | Bpgon oelect startéeend tune
& 41 cireuit here
+- 9 [T Circuit2 Fault statistics
=4 [T Cireuita Mo, Marne of WT WTG 1D Downtirne Fault description Related infdrmation
o 3] 547 100004 2012-02-1012:03:35.183 Grid frequency min,; 490, Error IGET_ok Grid Frequency=59.99
k 817
; - 2 547 100004 2012-02-1012:03:29.247 Grid frequency min,Error IGBT_ok Grid Frequency=59.99
“ e 3 547 100004 2012-02-03 14:01:18.877 MNormal
535 4 547 100004 2012-02-03 14:00:02 053 Error safety system emergency button tower hase Tower hase emergency stop =FALSE
wre
P Main digplay area
[ 540
2 rs4
™ 543
o844
[l =T
553 Select one or
i more wind
573 .
O ¢ turhine(s) here
w9 [T Circuitd
- [T Circuits
Figure 9.4.2 fault query
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Users can select one or more wind turbine(s) from left side of the webpage, then select start&end
time from the top of the webpage, click search to display. Number, name of WTG, WTG ID,
downtime, fault description and related information will be displayed in main display area.

If faults displayed more than one page, go to the bottom, right side of the webpage, click 'next' to the
next page, click 'previ' to the pervious page.

Pages:1/6 One page:A0items Total: 260items mmmm@ﬂﬂPmumn

Figure 9.4.2a fault query

Click 'Fault Details' tab on the top of the webpage to display fault details.

@.Gnldwind SCADA System - Windows Internet Explorer
14 Hiop i200.62.251,90 60 7

Log Current Day Curve ﬂ Power curve chart WTG batch control Change password

-3 7 Uik { Startfime: 2011-02-01 00:00:00/= | End fime: 2012 02-27 23:59:58= | & gearch ¢ [ Export
&1 ¥ FAD
W FAO2 Fault stafistics

& P FAD2 No. Mameof  Faultstaritme  Faultlength Faultduration description Fault description
1 FAM 2011-10-26 19:57:37 967 211.00 3minute(s) 31second(s) 100102
2  FAM1 2011-12-09 13:30:53.283 28.00 28second(s) Error safety system safety system ok from pitch
3 FAM 2011-12-0913:30:53.283 25.00 25second(s) Errar safety system rotor lock
4 FAM 2011-12-09 13:30:53.283 25.00 25second(s) Error safety system plc em stop demand
5 |FA1 2011-12-12 15:39:45 517 366.00 Gminute(s) Bsecond{s) Grid frequency max.
6 FAD1 2011-12-12 15:56:36.907 2200 22second(s) Error Profibus MNode 10 Supply
7 |FAD1 2011-12-12 15:56:36.907 22.00 22second(s) Error Profibus Mode 11 Supply
5 FAM 2011-12-12 15:56:36.907 22.00 22second(s) 140112
9 |FAD1 2011-12-12 15:56:26.907 22.00| 22second(s) Error Profibus Node 20 Supply
10 FAD1 2011-12-12 15:56:36.907 2200 22second(s) Error profi node 10 diag
11 FAN1 2011-12-12 15:56:36.907 22.00 22second(s) Error profi node 11 diag
12 FADY 2011-12-1215:56:36.907 22.00  22second(s) Error profi node 20 diag
13 FADY 2011-12-12 15:56:36.907 22.00 22second(s) Error profi node 41 diag
14 FAD1 2011-12-12 15:56:36.907 2200 22second(s) Error profi node 42 diag

Figure 9.4.2b fault details

Number, name of fault, fault start time, fault length, fault duration description and fault description
displayed on fault details tab.

Users also can export all data to excel by clicking export button on the webpage.
9.4.3 Event log query
Event log query is a function which can provide event log of a wind turbine during a certain period of

time.

Click “Start-Data query report-Event log query” to query event logs.
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Event Log Query <[ Shady Oaks

=-fafShady Daks | Startime: 2012-07- 01 0000-00.~] End fime 2012-02-13 23:55:58 - Select euen{_lﬁ 2 Search | [l Export
;E:CEEE Mo. Device name Event description Datavalu Everittime Status duratiol ‘ Duration description Data value description
5 i 1847 select FALSE  2012-02-0220:01:12.283 B6zelect event mindtets) 45secand(s Action
“ats 2 847 startdcend  tatery Ok FALSE  2012-02-02 20001115000 “types here Teecondis) Action
817 3 547 tune hel'e yOK FALSE  2012-02-02 20:01:15.003 487.00 Bminutas) 7eecand(s) Action
1925 4 547 i ruwer aupply OK FALSE  2012-02-02 20:01:15.007 487.00 Bminute(s) Tsecond(s) Action
S ici) 5 547 Pitch 2 Power Supply Ok FALSE  2012-02-02 20:01:15.007 487.00 Bminute(s) Tsecondis) Action
©1g35 B 547 Pitch 3 Power Supply Ok FALSE  2012-02-02 20:01:15.007 487.00 Bminute(s) Tsecondis) Action
sy 754 Tawar Fan Fesdback FALSE  2012-02-02 200116 517 490,00 Bminutats) 10zecond(s) Action
CEE 8 547 Converter Cahinet Fan Feedbz FALSE  2012-02-02 20:01:16.520 490.00 Bminute(s) 10secand(s) Action
¥ 9 547 IGBT Fan 1 Disable Feedback FALSE  2012-02-02 20:01:16.520 490.00 Bminute(s) 10secand(s) Action
2:3 10 547 IGBT Fan 1 Disahle FALSE  2012-02-02 20001:16.523 480.00 Bminute(s) 10secand(s) Action
M 11 547 IGBT Fan 2 Disahle Feedback FALSE  2012-02-02 20001:16.523 490.00 Bminute(s) 10secand(s) Action
12 547 IGBT Fan 2 Disakle FALSE  2012-02-02 20:01:16.527 480.00 Bminute(s) 10secand(s) Action
1953 13 847 Tower Fan Disable FALSE  2012-02-02 20:01:16.527 490.00 Bminute(s) 10secand(s) Action
&s873 14 547 Capacitor Fan Disahle FALSE  2012-02-02 20001:16.527 480.00 Bminute(s) 10secand(s) Action
FiCircuitd 15 547 Converter IGBT_ok FALSE  2012-02-02 20:01:43.707 461.00 Tminute(s) 41secand(s) Action
A Circuits 16 547 Tower Base UPS Supply Ok FALSE  2012-02-02 20:01:44.917 458.00 Tminute(s) 38secand(s) Action
17 847 Tower Bage UPS Supply Ok TRUE  2012-02-02 20:08:22.513 48302.00 13hour(s) 41minute(s) 42second( Reset
select a 18 547 Tower Bage UPS Battery Ok TRUE  2012-02-02 20:08:22.517 48272.00 13hour(s) 41minute(s) 12second( Reset
wind 19 547 Pitch 1 Power Supply Ok TRUE  2012-02-02 20009:22.517 48272.00 13hour(s) 41minute(s) 12second( Reset
turbine 20 547 Tophox UPS Battery OK TRUE  2012-02-02 20:09:22.517 482745.00 13houris) 41 minute(s) 19second( Reset
[1.:_1 e 21 847 Pitch 2 Power Supply Ok TRUE  2012-02-02 20:08:22.520 48272.00 13hour(s) 41minute(s) 12second{ Reset
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Figure 9.4.3 event log query
Number,device name, event description, data value, event time, status duration, duration
description and data value description will be displayed on event log query tab.

Users also can export all data to excel by clicking export button on the webpage.
9.4.4 Event and fault timestamp query
Event and fault timestamp query offers user a quick way to query when fault happened and event

occurred.

Click “Start-Data query report-Event and fault timestamp query” to query event and fault
timestamp.

v T
Pt Event and Fault TimeStamp Query
Data type:| Event Information x ;Time 2012-02-09 16:09:18) || Search EE‘,E;{pon

316 Mo, MName oft Downtime GCurrent Data value descrip
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Figure 9.4.4 event and fault timestamp query
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Number, name of WTG, downtime, current value, data value description will be displayed on the
event and fault timestamp tab.

Users also can export all data to excel by clicking export button on the webpage.

9.4.5 Real-time data query

Real-time data query is a function which can provide real-time data query of each wind turbine in a
certain period of time. Users can select real-time data they need to form to a report or for data

analysis. Information refreshing rate of all real-time data: <=5s.

Click “Start-Data query report-Event log query” to query event logsClick “Start-Data query
report-Event log query” to query event logs.

IUnit: 547 x| Gelect date: 2012-02-13 - Startfime: 00:00:00 End fime; 23:53.59 [0 [ export © L overlay Fault Data
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. [ Total active power
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™ Powrer congurnptiol
™ Generating hours
[™ Downtime
[ Power-on hours
™ Regular maintenante time
1 [ System QK time

[ Others .
o Tk e il data type details

[ Dat status here, pick one ot
_ I Temperaturs more to query
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™ Converter
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[ Nacelle
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I Cooling system 3 2012-02-13 00:00:05.656 763 area
™ Grid systern 4 20120213 000008406 752

5

i}

2012-0213 00:00:11.471 7.98
2013-02-13 00:00:13.968 793

Figure 9.4.5 real-time data query
Main display area displayed data by graphic, text description area displayed data by text.

Users also can export all data to excel by clicking export button on the webpage.
9.4.6 10-minute data query
10-minute data query is a function which can provide 10-minute data query of each wind turbine in a

certain period of time.

Click “Start-Data query report-10-minute data query” to query 10-minute data.
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Figure 9.4.6 10-minute data query
Users can pick data they concerned to analysis or form to a report. 10-minute data was stored in
database server. Make sure communication works well between database server and web service
server/workstation before we do this query.
Graphic will be displayed in main display area, text description will be shown in text description area.
Users also can export all data to excel by clicking export button on the webpage.
9.4.7 Daily data query
Daily data query is a function which can provide daily data query of each wind turbine in a certain
period of time.

Click “Start-Data query report-Daily data query” to query daily data.
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Figure 9.4.7 daily data query
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Graphic will be displayed in main display area, text description will be shown in text description area.
Users also can export all data to excel by clicking export button on the webpage.

9.4.8 Wind farm data query

Wind farm data query is a function which can provide data query of each circuit in a certain period of
time.

Click “Start-Data query report-wind farm data query” to query circuit data.

{2 Goldwind SCADA System - Windows Internet Explorer M=
[ = [ Htpia92.168.149.235:0080/systemiman, aspx =l #2] % | [uve search £l
E] E = 2
Wind Farm Data Query ks
Starttime: 2012-02-01 00:00:00 | End time: 2012-02-13 23:59:59 ~ | Stafistical type Ter-ming data x| Q Search | @ EExpnﬂ ‘ﬁsm
- talShady Oaks
o " .
ﬂ‘)g”””‘g elect start set parameters Sl s
it & =
; tinedend time Lere
1€1¢
Finuitt nain display area
- Cireuits
! select statistical
select a cureuit i
il type here
lere g
= | [ Main information
= [T Wind Speed
@ [ Ao wind Speed
@ [~ Maxwind Speed
~ @ [~ Minwind Speed
G [ Acth Riower Na. Time Ay wind Speedimis)
1 2012-02-0100:00 1225
7 201202010010 1184 |— Text description
3 2012-02-0100:20 11.44 area
4 2012-02-0100:20 1089
G 2012-02-01 00:40 1080
6 2012-02-01 00:50 1085

Figure 9.4.8 wind farm data query
All information displayed by graphic/list view, graphic will be displayed in main display area, list will
be shown in text description area. Wind farm data query offers three types of statistical data,
ten-mins data, hourly data and daily data. Users can pick up a circuit and a type of data to query.
Users also can set parameters by clicking set button on the webpage.

Users also can export all data to excel by clicking export button on the webpage.
9.4.9 Wind farm output query
Wind farm output query is a function which users can query theoretical power and real power of

each wind turbine.

Click “Start-Data query report-Wind farm output query” to query theoretical power and real power.
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Figure 9.4.9 wind farm output query

Wind farm output query allow users to query and compare theoretical power and real power of each
wind turbine.

Users also can export all data to excel by clicking export button on the webpage.

9.4.10 User operation record query

User operation record query is a function which can provide user operation record query. It offers
query for central monitor(C/S), central monitor (B/S), energy management platform, OPC server and

external system.

Click “Start-Data query report-User operation record query” to query user operation record(s).

—y - '

urrent Day Cury Pawer curve chart ‘w G batch control ,ff)'] Change ! Change user Exit

en e cur oo 235959 7

2 search 2 Export
Mo Systern User MName of WT Tirme P Task description  Operationtype  Retutn information
1 Central monitorB/S)  user! 536 2012-01-0615:17:08 Stap arder (OK)

N

text description area

Figure 9.4.10 user operation record query

Number, system, user, name of WTG, time, ip, task description, operation type and return
information will be displayed in text description area.
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Users also can export all data to excel by clicking export button on the webpage.

9.4.11 Latest data time query
Latest data time query allow users to query latest data time in database, it would help users to figure
out communication issues and data issues.

Click “Start-Data query report-Latest data time query” to query latest data time.

select a wind farm

e E Power cure chart WG biateh contral 5
Latest Data Time select a table from

“lwind farmy Shady Caks = TM database here

Ma. Name ofwind farm Mame ofWTG Time
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8  ShadyDaks 810

3 | Shany.Oaks & text description area

10 Shady Qaks 813

11 Shady Oaks 514
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13 Shady Oaks 518 2012-02-03 00:00:00

14 Shady Oaks 817 2012-02-03 00:00:00

168 Bhady Oaks 818

16 Shady Oaks 519

17 Shady Oaks 820

18 Shady Oaks 521

18 Shady Oaks 522

20 Shady Oaks 823

21 Shady Oaks 524

22 Shady Oaks 525 2012-02-02 00:00:00
hadi Ol ¢

24 Shady Oaks 827

Figure 9.4.11 latest data time query

Latest data time query could be used on communication trouble shooting. When communication
between database server and front-end processor was break down, database could not get data
from front-end processor, users can figure out when the fault occurred by querying latest data time.
Sometimes when some data issues occurred, users also could figure out problems quickly by
querying latest data time.

Users also can export all data to excel by clicking export button on the webpage.

9.4.12 Equipment information query

Equipment information query could get some basic information about front-end processor and PLC.
It includes Front-end computer time contrast, PLC time contrast, front version contrast, PLC
versions information contrast, front ini configuration contrast, front disk remaining space contrast
and front CPU contrast.

Click “Start-Data query report-Latest data time query” to query latest data time.
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Figure 9.4.12 equipment information query—front-end computer time contrast
Users can switch equipment information by click the tab.
Users also can export all data to excel by clicking export button on the webpage.
9.4.13 Static data query
Static data query provides tables query in database. It includes ‘wind farm information’, ‘information
of WTG, substation and anemometer tower’, ‘Front-setting computer information’ and ‘port

information list'.

Click “Start-Data query report-Static data query” to query static data.

Static Data Query [ Shady Daks

Tahle n_amelwm farm information j @ gearch E!E)(pm"l

Information of YWTG, substation and anemometer tower

Front sefting computer information
Portinformation list

Figure 9.4.13 static data query
Users also can export all data to excel by clicking export button on the webpage.

9.5 Statistical analysis

Statistical analysis offers professional data analyzing for wind farm and wind turbine evaluation.
Data analyzing can be displayed by graphic view or list view. For example, users can evaluate wind
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turbine performance in a certain period of time by status statistic querying. Status statistic includes
WTG status, status code, occurrence frequency, status durations and duration description, users
can analysis data and evaluate if wind turbine works well during selected period of time.

Click "Start-Data Statistic Report” to access statistical analysis function.
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Figure 9.5 data statistic report
In the menu of Data Statistic Report, it includes status statistic, fault statistic, fault classified statistic,
event data statistic, 10-minute data statistic, daily data statistic, output summary, WTG cumulate
statistic, wind farm lost production statistic, main fault statistic, power change rate query.

The operation of ‘data statistic report’ almost the same as ‘data query’, seen ‘9.4 data query’.
9.6 data comparison

Goldwind Windfarm SCADA System offers data comparison functions. It includes substation data
comparison and historical data relation comparison. In the menu of historical data relation
comparison, it includes real time data relation comparison, 10-minute data comparison and wind
farm data comparison.

Data comparison is for further data analysis, like data correlation between different wind turbines or
different variables. For example, substation data comparison offers users a way to compare wind
turbines active power with circuit data collected from substation device.

Click "Start-Substation data comparison” and “Start-Historical data relation comparison” to access
statistical analysis function.
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Figure 9.6.1 data comparison

The operation of ‘data comparison’ almost the same as ‘data query’, seen ‘9.4 data query’.

9.7 File data browse

Goldwind Windfarm SCADA System has file data browse function. Files include real time data file,
10-minute data file, fault data file, fault B file, fault M file and data M file.

Click "Start-File Data Browse” to access file data browse function.

Real time data file & 10-minute data file offer users a good way to query data details if they need.

Real time data file recorded every 6s data of wind turbine. 10-minute data file recorded every 10
minutes data of wind turbines.

Fault data file, fault B file, fault M file recorded wind turbine fault information. Experienced engineer
could figure out what is the fault and how to deal with it by checking these fault files. It would be
better if you read fault files before you begin your trouble shooting.
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Unit| FADT |» | Select date: 2012-03-02 ~ | L4 Obtain file list | X view E!Expon E-File download

= Fault F file
HEY o 100001001 201203021507 dat-J iR

Ma. Mame of data item Value of data item
1 storage_init_init_windturbine_nr 1
2 storage_operation_data_working_hours 174253
3 storage_operation_data_energy_yield 9014934
4 storage_time_hour 15
5 storage_time_minutes 6
(i} storage_time_second 17
7 storage_time_year 2012
8 storage_time_manth 3
9 storage_time_day 2
10  storage_error_acceleration_nacelle_global False
1 storage_error_acceleration_nacelle_limit False
12 storage_error_acceleration_nacelle_limit_offset False
13 storage_acceleration_nacelle_x -0.012
14  storage_acceleration_nacelle_y -0.008
15 storage_acceleration_nacelle_momentary_offset_max 0.014
18 storage_acceleration_nacelle_effective_value 0.014
17 storage_autostart_max_numbers_of_autostart_reached False
18 storage_autostart_state_enable True
19 storage error max numbers of autostart reached False

Figure 9.7.1 fault F file
Fault M file created by PLC, data in fault M file should be as same as statistic table in the database.
Users can compare data in fault M file and database to figure out if we get some data issues.

9.8 Graph Analysis

Click "Start-Graph Analysis” to access graph analysis function. Graph analysis includes power curve
chart, wind frequency chart, WTG fault analysis and event analysis.
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Figure 9.8.1 power curve chart-original curve

For example, power curve chart offers users one or more turbines power curve. Users can select
curve type from left top side of the webpage to query. Curve types are: Original curve, correction
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curve, comparison curve and analyze curve.
9.9 Wind Farm Control

Click "Start-wind farm control” to access wind farm control function.

Wind farm control allows users to batch control wind turbines.
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Figure 9.9.1 WTG batch control
Users can pick turbines they want and send batch control commands.

‘Energy control parameter modify’ allow users to set energy control parameter for Energy
Management Platform control wind turbines.

a' Energy Control Parameter Modify - Webpage Dialog
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Figure 9.9.2 energy control parameter modify
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Click "Start-Help” to get legend information and company information.

10. REMOTE ACCESS

Internet access to the system is required for remote access to the system and also for Goldwind

warranty support.

Users should allow remote access to web service server. The setting steps are following:

Right click computer-properties

-

Camp

Open
Explore
Manage

Map Metwork Drive. ..
Disconneck Mebwork Drive. ..

Create Shorkcuk
Delete
Rename

1. Click ‘Remote settings’

Figure 10.1

\-_;;\' _; [®4 ~ Canerol Panel - System and Mantenance ~ System

File Edit View Tooks Help

Tasks
! Device Manager
v x Windows edition
WY Remote settings

§ Advanced system settings

Service Pack 2

System

¥iew basic information about your computer

‘Windows Server® Standard
Copyright @ 2007 Microsoft Corporation. All rights reserved,

Processor:
Memary (Ram):
System Eype:

Compuker name, domain, and
Computer name:
Full computer name:
Computer descriptian:
Workgroup:

‘Windows activation

Windaws is activated

Product ID: 55041-094-1178837-76389

Select ‘Allow connections from computers
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IntelR) Xean{R) CPU
18.0GB
32-bit Operating System

ES620 @ 2,40GHz 2,40 GHz (2 processors)

workgroup settings
SHADYORESSCADS ]
SHADYOAKSSCADAL

WORKGROUP

Change product key

Figure 10.2
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System Properties E3
Computer Name | Hardware | Advanced Remote I

Remote Assistance

I Afow Bemote Assistance connechons Lo thit compute

 Remote Deskiop
Click an option, and then specify who can connect, if needed.
™ Dant allow connechans ta this compliter

* Allow cornechons om computers nunning any version of
Remaote Deskbop (less secue)

™ Afiow connections only from computers running Remate
Dasktop with Metwork: Level duthentication [mare secure)

Help me choose Salect Uszers.,. |

Figure 10.3
The internet access itself does not form part of the System.
11. SECURITY

Security is based on standard Windows security groups. Users are given access to different parts of
the system by membership of a group.

Users can be given access to system functions by membership of the following groups:

Allow administration of the system, intended for use by
administrators of the wind farm.

Administrator

Manager Wind Farm monitoring and reporting
Operator Wind Farm monitoring control and reporting
Engineer Wind Farm system support and maintenance

12. DATA BACKUP

Backups of the SQL Server recorded data on the System server are made during a certain period of
time by the System and stored in a specified location on the System server.

The System server comes with appropriate backup devices installed — a data backup server.

Goldwind provides a script to backup all data required to rebuild the system to the backup device on
a daily basis.
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It is the responsibility of the site administrator to plan and implement an appropriate off-line storage
procedure.

13. SYSTEM REDUNDANCY
The System is designed around achieving maximum data coverage and quality.

Data collection is independent of server and network availability between the server and Front-end
processor. The Front-end Processor continues to collect and process data whilst powered up even if
the network is lost, and will automatically transfer the data to the Data Process and Provider Server
later when the communications are resumed.

The standard System does not include any server redundancy but various options are available and
can be reviewed on a per project basis.

14. SYSTEM EVENTS

System created events include the following:
. Main System service restart
. Front-end processor Configuration change
. Front-end processor start
. Front-end processor stop
. Front-end processor restart
. Front-end processor time correction
. Turbine communications loss (after a configurable time period)
. Logger communications loss (after a configurable time period)
_ Turbine status
_ Turbine fault
. Crew present/service mode
_ Turbine release to run
. Turbine stop
. Auto Control stops
_ Auto Control starts
. User's action list (Stop, restart, yaw, lock, unlock etc.)
. User configuration changes

15. POWER REGULATION

Wind farm power regulation gathers grid data from the interconnection point. This information is
acquired via the substation protection and control system.
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FRONT- DATA
SUBSTATION END —* PROTOCL —
PROCESSOR SERVER
i MODBUS TCP
Or » GRID
104 PROTOCOL COMPANY
— (DIGITAL SIGNAL)
FRONT- POWER
TURBINE |« » END |« CONTROL <«
PROCESSOR SERVER
A
SCADA
CLIENT

Figure 15.1 power regulation Schematic
The power control service retrieves real-time data from all the turbines and uses this together with
the grid data from the substation to regulate the entire wind farm.

The data protocol service sends grid data and turbine data to the grid company real-time data
center.

The power control service receives regulation commands from grid company dispatch control center
and SCADA client.

The power control service executes the respective proprietary regulation strategy.

The following interfaces are supported by the SCADA system:

B OPC interface based on the OPC DA2.0 standard

Modbus Serial RTU (RS232 or RS485)

Modbus (modbustcp)

CDT protocol interface

101 protocol interface(DL/T634.5101-2002)

IEC 60870-5-101 [IEC101] is a standard for power system monitoring, control & associated

communications for telecontrol, teleprotection, and associated telecommunications for electric
power systems. This is completely compatible with IEC 60870-5-1 to IEC 60870-5-5 standards
and uses standard asynchronous serial tele-control channel interface between DTE and DCE.
The standard is suitable for multiple configurations like point-to-point, star, multidropped etc.

B 103 protocol interface(DL/T719-2000)
IEC 60870-5-103 [IEC103] is a standard for power system control and associated
communications. It defines a companion standard that enables interoperability between
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protection equipment and devices of a control system in a substation. Devices complying with
this standard can send information using two methods for data transfer - either using the
explicitly specified application service data units (ASDU) or using generic services for
transmission of all the possible information. The standard supports some specific protection
functions and provides the vendor a facility to incorporate its own protective functions on
private data ranges.

B 104 protocol interface(DL/T634.51041-2002)
IEC 60870-5-104 (IEC 104) protocol is an extension of IEC 101 protocol with changes in
transport, network, link & physical layer services to suit the complete network access. The
standard uses an open TCP/IP interface to network to have connectivity to the LAN (Local Area
Network) and routers with different facility (ISDN, X.25, Frame relay etc) can be used to
connect to the WAN (Wide Area Network). Application layer of IEC 104 is preserved in the
same way as that of IEC 101 with some of the data types and facilities not used. There are two
separate link layers defined in the standard, which is suitable for data transfer over Ethernet &
serial line (PPP - Point-to-Point Protocol). The control field data of IEC104 contains various
types of mechanisms for effective handling of network data synchronisation

15.1 Active Power Regulation

Active power regulation controls active power output at wind turbines by receiving a set point
automatically or manually. Grid company commands are automatically received and dispatched to
each turbine to control the wind farm active power output. Users can manually control wind farm
active power by inputting active power regulation commands.

In some cases it might be necessary to reduce the active power beyond the minimum control level
of the each turbine (500kW). In this situation one or more turbines will be stopped and set points
dispatched to remaining turbines to achieve the desired active power set point.

Users can set the WTG to be involved in active power control. All regulation inputs are logged,
which makes it possible to trace who is responsible for user generated active power commands.

General description of active power control

Process:

Receive the grid company command via Modbus or 101,103,104 (setpoint)

Step 1: Retrieve active power of interconnection point. If active power is greater than setpoint,
go to step 2, else go to step 3.

Step 2: If the active power can be reduced to setpoint via turbines pitch control, the system
calculates how many turbines are required to control pitch, and then sends pitch control
commands to respective turbines.

If the active power cannot be reduced to setpoint via turbines pitch control alone, the system
calculates the turbines that need pitch control as well as how many turbines should be stopped
in order to achieve the setpoint. The pitch control and stop commands are sent to respective
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turbines.
Step 3: If any turbines are already in pitch control mode, go to step 4, else go to step 5.

Step 4: The system calculate the expected output after releasing turbines from pitch control
mode. (The expected output is calculated via current wind speed and power curve.)

If expected output is greater than the setpoint, the system calculates how many turbines are
required to stop pitch control, and then sends command to those turbines.

If expected output is less-than the setpoint, the system calculates how many turbines to stop
pitch control and how many turbines should additionally start up in order to increase active
power to the setpoint.

The system sends stop pitch control and start up commands to respective turbines.

Step 5: The system calculates how many turbines are required to start up in order to increase
active power to the setpoint, and then sends start up commands to respective turbines.
Step1 to step 5 is a cycle that takes about 45 seconds.

As the wind speed continuously changes, the cycle may need to run two or three times to reach
the setpoint.

15.2 Reactive power regulation

Reactive power regulation controls reactive power generated at each wind turbine by dispatching
set points either automatically or manually.

Each WTG can be set to a default control algorithm:
B Reactive power automatic control mode. (controls reactive power on the transmission line at
the low-voltage side of substation to zero by issuing reactive power set points to the WTGs )
B Reactive power zero control mode (WTG exports no reactive power).

All reactive power regulation inputs are logged, which makes it possible to trace who is responsible
for user generated commands.
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REACTIVE POWER ZERO GENERAL FLOW

Note:

var : reactive power of
Reactive power interconnection point

zero is active Upper Limit :capactive
reactive power set point
Low Limit : inductive reactive
power set point

Retrieve var

YES
No Action

Calculate how much
reactive power each turbine
need to export, then make
each turbine export less
inductive reactive or export
more capacitive reactive

IF var between Low Limit

and Upper Limit If var < Upper Limit—»

If var > Upper Limit

Calculate how much
reactive each turbine need
consume then make turbine
export less capacitive
reactive or export more
inductive reactive

Figure 15.2 reactive power zero general flow

16. SITE SPECIFIC MONITORING AND CONTROL

The System can be configured to deal with a variety of site specific monitoring and control

requirements. The system includes tools to allow mapping of signals between OPC servers which
allows for most requirements to be met. Configuration of these tools and provision of any additional
Server provides real-time data from the turbines, met masts and substation to third-party software,
such as sending data to Grid Company real-time data center .It communicates with third-party
software directly via respective proprietary communication protocol.

17. NETWORK

For each wind farm which needs to be incorporated into the Goldwind data collection network
following Internet broadband connection information need to be provide by to Goldwind by the
customer:

Public Static IP address details
Default gateway details
Goldwind will then decide on an IP range relevant for the wind farm size.
The Goldwind Windfarm SCADA Network is located in the following IP scope: 192.168.0.0
For more information regarding the IP addresses assigned for each project please see Appendix B.
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