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Maximum cost

Project and site Specific, and depends on performance targets. For cur-
rent project costs, please refer to Budgetary / Cost Estimate in subse-
quent Sections.

Critical dimensions and weights

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
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Damping Curve
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Rotor speed profile changes

For the selected geometry of 1.65 meter rotor diameter, the turbine will have an operating band of 300-
800RPM with a maximum speed of 1,000 RPM,

Mechanical power for a given pressure and airflow

Flowpath Power
800
700
&00
500
§. -=-10 kPa
$ 400
§ +«—8 kPa
300 —+—4.5 kPa
——-8 kPa
200
100
o
o 0.5 1 1.5 2 2.5 3
Flow Coefficient
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Turbine rpm range and power
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Speed (rpm)
Generator input torque
Operating and Installation Data:
Rated-
-power Py 500 kKW
-voltage Un: 690 v
-frequency fn: 86.7 Hz
-current I: 455 A
-speed ny: 650 1/min
-torque My: 7346 Nm
Power factor cosg: 0.95
Torque speed curves/profile
2,5 -
=3 3
—_—
= o”
1.,5 b 0 1 5
/ /
0,5 -
0 r T r Y Y y
0 0,2 0,4 0.6 0,8 1 1,2
n/ny
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Generated electrical power for given input torque

0 1 2 3

Torque M / Nm 8080 7346 6366 14700

Speed n / min™ 0 650 750 650

Power P/ kKW 0 500 500 1000

Voltage urv 6 687 690 690

Current I /A 490 453 435 950
Generator Load Cycles

Calculated Partial Load Data:

P/Py, | 1.00 ‘ 0.75 | 0.50 | 0.25 | 0.10
COS 0.95 0.97 0.98 0.99 ~1.00
N [%] 97.2 97.0 96.4 94.0 86.5

Efficiency n > 97.0% for rated torque within speed range 350 - 750rpm

Variation in generator speed

See Generator Input Torque

Conversion efficiencies for pressure to mechanical; mechanical to electrical; and losses due to
conditioning

a8 - PMG efficiency vs input power ratio curve : Rated power = 500kW

96

94

92

PMG efficiency (%)

88 |

| L | L 1 J
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Power-in/Power-rated

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
title page of this report. Agreement no. DE-EE0006609.



T-S Efficiency

== VRTU r7a 8kPa (gap)

T-5 Efficiency
:

=a—VRTU r07a 10kPa (gap)

i] 02 0.4 0.6 08 1 12 14 16 18 2
Q* (Centrif Flow Coefficient)
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Arevalo Balbino z003je2k
Stamp


Generator temperature

Class of rating . S

Absolute altitude © <1000 mab.s.l.
Coolant temperature . 38 °C

Water (I/min) . 30

Therm. class (design/util.) . 155 (F)/ 130 (B)

Vibration/acceleration

Parameter Quantity | Measurement Accuracy comments
Range
Bearing Vibration 2 (XY Acceleration: 2% 4-20 mA output
axes) frequency
response 3 -
10000 Hz

Operating angle
N/A
Shaft strain

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
title page of this report. Agreement no. DE-EE0006609.



e LU ENMENGD NS-L 055 157 S18vd
YEZRCQZDS ‘,._z._mm_.w_.um_p..._x. 1 5 LNTabil ] oM DM0 [TALD POLcIEI531 e
ol vl MIS1IS F SIVH M1V | OA-srE | L GEAAT) EnH L
SR , " g . = TEAET) anH z
[ — (AN "FTIASTIEIM) ONVH-2355340 '6rH 40 0N INTHGINGE Osvmol oha LwH TE MiHL vE 90 Sr1SENGD
B ] WiHd [ gb] RESET Ly [B 58] 'SH 9e2 = orE HEMHO GELYTD | L | ATEWIESY HIEWEW HE1NED E
.hho.ﬂ_i& dllawdn S0 ENET & TwH (8281 2280 ¥ 00 D68kl 299 TaNL [E=T0R D (OHOT HIEWT 231D WE
OFHNOIY T ek0d 40 3Ly I-ILEaT Y ISHTH HLOE M OKOWRELINIS LA9HS £ S300T0M0 TIvH [299] ZE20 % 00 [68kE] 298 FanL ELYTD | L LHOHE] HIE-E HE 1D gE
e P S 24] SHT-1d 08k = KoL 4807 T 1Hen [NFIwEAN Stb % SEZ] NPKIVHASET-N 9e00 % 6702 = 11 E R LE0 | T SLWa| €
Vunm.amﬂludﬂnuammm: [2w0-0 Y] 2oNESHE RU0EE = ZodM ] _ JNN GFLNL I SINNADOT | O
e ey e 2 s 2] SHT LB = LM [EEEL/FEEL] GPEO/GIE0 THHL NOLLHIAY 1 o600 | T SHovd D50 ¥
memaman IR0 ¥Lv0 TeNOEHGL SKNenod 8 OsdL | ZE SHEHETM -1
=hi0 FL-BiE s60% | 5109 ]
'ON LnnA207 Lioe x3H TERL | W SLNNAZ0T &
MALHALL kA0 e 35 0L ST [N OSEEE] MEET OB0LE bTack | 51W4a g
tedd 0OF LY H9H [UM 0085 KEET L220% - 3nodol SOZ8L | T S1NNA20T &
EELEERRCE IRTE I [9'05] OUZ ¥ JMO DI-9IE HHOD | L MIUIEITE LTHI0S
00 "AJY YOS = 'ON MO B0 THELS SSTMIFLE HLM CTeWEon Wal a0g = (03345 00 (9] ST % I QL-iE JAHOD | L MIUTELTE 1TAI0S I3
WO-Y9LHE = 'ON 1ivd 30 A BNTN0D 4 M4 005] oH = damod
LY HEW0LSNT T =30N "2 WL SNILYEIH0 ¥
[B600/ESID] SEDOBAT0'D
] 1 TINTHILHALNI ISPHSIH0R DRILINSTA
= [24°0/$90T] FRO0TLEI00 o (EYERL [EWFOZVEZOT] 2L HIESLL e
s 31 NEERELN 1AVHSTHO THLTIETH T vy j1ovHE Sl
N [SLOOSLEEDTG] LUDE S/ HR0EGR ATND AN ()
i -~ ILATHS BOLeHINTD LBEL £ &EL
W,r_u ~ed ATNG SNFH3A3H 0= oes T2 108 [Se6e] 05008
- W MO LY W08k

BEINM ERAE
ST0H H3TING 12

T 1008 [58'%5] 050w
T OND LAY DE

BZ-INN E-A0L

EF10H H3TING 12

AvMATA #3280
wemaan wano—{[1)
N,

SHANHOD K [0£'0000%] RE0ssEdad
HLIM 306 40 3015 US040 Hodd

SeEHI0 NI DY 0A050] RODSYZO0M
HUM 3H08 =0 305 F1E0EA0 Wi
<30 [0FLILTY L] FIOEAS

® 30IM PEVZEMEREVE] BETLAFIETL
LA

2
@ m i > h ®
B 5 - I nr
: EH T % Tk 23— T T T O iz
h S o g
3 Rl < B < i
1 B = >
NN TEESANY N i ke
N
)
LLJ © ©
HOL¥H3INID i
—_— Fey =
aN3 N3AIEA el e ﬂ &) _ m_/__mx:._. .
EWOLEM AR _ ON=E H3AlEa
OIHSMED 03I¥ds ATIVN0E
5K IHTHE _ {4008 L7089 [88'S:] SI9e MO

—I9FEL] FEEe S3T0H 20

WEZYSEZ0Z |

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the

title page of this report. Agreement no. DE-EE0006609.




Noise level

Noise attenuation: sound levels of HAT <100 dBa. due to low running speed of
shaft

Power (power quality)

Refer to grid requirements document under Specified System Requirements document

Electrical outputs from generator (pre-frequency converter) Voltage, current, and
frequency

-voltage Uy: 690 V
-frequency fn: 86.7 Hz
-current Iy 455 A

Power conditioning requirements between generator output and grid connection

See Power (power quality)

Control system (controlling electrical load) requirements
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title page of this report. Agreement no. DE-EE0006609.
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PLC CONTROL SYSTEM

BASIC DESCRIPTION

The Converter Control & Interfacing Unit (CCI), is the master control system for the

Power Takeoff system. The CCI’s function is to process the sequential control logic program, to
provide the visualization, operator interface, alarm and fault annunciation, as well as
technological control referencing of the system and to monitor and control the auxiliary systems
on the platform. The CCI will also provide for interfacing to higher-level control systems in the
future.

The CCI manages the communication between the control components of the system.

For example:

Start stop control signals and reference values to the inverter

Inverter status and operating values to the PLC and HMI

Operator inputs from the HMI to the PLC

System status and monitoring feedback from the PLC to the HMI

Operator feedback from the Inverter and power monitor to the HMI

The CCl is composed of a Simatic S7 1500 PLC, a Simatic TP1200 Comfort panel HMI, and a
Scalance X308-2 Ethernet switch.

The PLC is the sequential logic control system and communications master. It controls the

communications between all controllers, the HMI and any upper level control or SCADA

systems. The PLC sends control signals to the controllers and poles the controllers and the

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
title page of this report. Agreement no. DE-EE0006609.
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power meter to collect the available process data. The Process data is stored in the PLC and
made available for display on the HMI.

The PLC processes sequential logic program, monitoring the status of the equipment and based
on the programmed logic allows the system to be started or to continue to operate. The
controller will be programmed to administer the permissive and fault and alarm logic, as well as
technological control referencing of the system and to monitor and control the auxiliary systems

on the platform.

The Human Machine Interface is an integral component of the CCI. It will consist of a TP1200
12in panel mounted display, programmed with 4 screen views to except and display operational
parameters and alarm and fault messages. The operation screen can display such as system
variables as; operational status, power, current, voltage, component temperatures etc.

The Ethernet network switch is an integral component in the CCI, providing the means for the
systems to communicate operator commands, reference values and process data amongst the

control computers.

EQUIPMENT COMPRISING THE SYSTEM
EQUIPMENT SELECTED
1) Simatic S7 1500 Series PLC

2) Simatic WinCC Comfort PLC
3) Scalance X300 Series Ethernet switch

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
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COMMUNICATIONS SYSTEM

SYSTEM OVERVIEW

ProfiNet has been selected as the primary backbone of the communications system. The

communications system links the following system components:

Ethernet Switch
PLC (Master)
HMI

Active Line Module

Motor Modules (Inverters)

Power Meter

The Ethernet switch is a Scalance X300 it forms a star point in the network. This switch will

handle the routing of all traffic on the network. The onboard media will be copper and the unit

to shore media will be single mode fiber.

The PLC is the sequential logic control system and communications master. It controls the

communications between all controllers, the HMI and any upper level control or SCADA

systems. The PLC sends control signals to the controllers and poles the controllers and the

power meter to collect the available process data. The Process data is stored in the PLC and

made available for display on the HMI.

The Active Line module controls the DC Bus Voltage of the inverter System.

There are two Motor Modules one to control the power take off from the PMG HAT system and

one to reject excess power that could not be fed back to the line due to problems with the ALM.
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The Power Meter continually measures power system values and makes this information

available o

n the network.

T T T 7 3 I Z I 5 3 I 7 I g I E)
Fiber Optic
A to Shore A
] = z = = z =
E o E
TR100 | PacaI
[= c
[ v u
—{ 3 3 b
2 2
ACEL M- \ Crieciig U u
oo1 2 2
DiiveChg
g [s
Switch Gear
Metwork M W
Switch
ACBUMD- [
|| oo ||
A A
\ '
[ !
q s| o O
al
W " - :
e v i :
' G'é_
| 3
| i
T TERRETER Tt | v | ] oo . SEUENI DAY =
o oressruna SIEMENS | Nctwork Overview e E
B LS I HEL CREARG Sh, Ha. 1
T W 100 TECHNDLOGY Sm |y A [ies_ssoc-02114- B
T Z | 3 I [3 T ] 7 T i I E I T

PROTECTED RIGHTS. Use or disclosure of data contained on this sheet is subject to the restriction on the
title page of this report. Agreement no. DE-EE0006609.




Permitted voltage, current, and frequency tolerances at connection point, including
voltage flicker and fluctuations, harmonic distortion (including existing grid harmonics
and harmonic emission from device), power factor, and voltage unbalance

See Power (power quality)

Predicted and measured data relating to component level reliability metrics

Maintenance metrics are defined as:

Maintenance target: Meantime Between Failures — 25 months
Max Maintenance Downtime — 3 days
Planned Maintenance — Every 24 months

All components within the turbine are designed to comply with this target.

Measured data unavailable until testing is completed
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