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1  Wind turbine technical description

XE157-3.X MW X )R FEBLAL R —FhR AR, =y EXUaA R, ARHe i, AR BR D) 20,
M58 BB R D R B, I A Th R AR I A L IR R HLAL . XE157-3.X MW HLALAME
HE 1.

XE157-3.X MW is a direct-drive wind turbine with a horizontal axis, three blades, upwind, variable-speed,

variable pitch power adjustment, rotor direct-drive permanent magnet synchronous generator, wind turbine
generator connected to the grid through a full-power converter. XE157-3.X MW outside drawing as shown in

Figure 1.

K 1 XE157-3.X KALAME R = E

Figure 1  XE157-3.X outside drawing

L1 BAEARINE
1.1 Technical advantage

XE157-3.X MW JuK B EARNLAH, KENEZESHIERE, hiahiiemer, HaikaivFE
Zope bR A, LR RS TRTR AE A AR B A A R R R s AT 4R LS, BRI A
i

XE157-3.X MW is a direct drive permanent magnet synchronous generator, the generator connects the
rotor without gearbox, the drive chain structure is the simplest among products of the same level. This type of
wind turbine’s compact and simplified structure gives it unique advantages in operation and maintenance

during its design life, the detailed description as follow:

Harbin Electric Corporation Wind Power Co.,Ltd. 3 U L 297
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(1) Al S B EE T R LED A S vl S M AL s BE et , W R AR 3-5%

R E K ELIREE M, A R RIS, 12 m LU AR Zh 3K

(1) High-reliability main drive chain design: Ultra-low maintenance cost and ultra-high-reliability main

drive chain design can increase power generation efficiency by 3-5%. The ultra-compact single main bearing
direct drive structure effectively reduces the mechanical loss and improves the mechanical drive efficiency of

the wind turbine.

(2) HENHEB ARG HT CFD a0 FALL A s b Py i XU A2 0 45 S8R Tk
IR T W R R AL E T LSBT SR EGA R GBI AG- A AL A 5 3 3 XU 3R 48 B LAk DL
BCAEN], SEBUR AL DIFEERER AVE BEROR, WA R sl 4L L 2% 2 40

(2) Adaptive thermal management system: Based on CFD thermal flow field simulation, the structural
parameter optimization method of the internal ventilation path of the generator is proposed, and the natural heat
dissipation system of the outer stator casing fins of the cooperative generator and the nacelle-generator interior
is proposed. The optimized matching criteria of the forced ventilation heat exchange system and the real-time
power consumption tracking thermal management technology of the generator can effectively increase the

generating capacity of the wind turbine unit by around 2%.

(3) H@ENNHER RS B ACE &R R, WRASZHILERE. FRIRPLA RS . 3Rmk
RO SEBE AR AR ) R G0, 4 DhZ AR A & A i 20 v 0 R e U 2D s S IR AR S, i
LA R S5 R 3k MU 5 A

(3) Adaptive wind turbine control system: A new generation of adaptive control technology, deeply dig
the potential of wind turbines, reduces wind turbine unit load, and improves power generation efficiency;
advanced variable-speed constant-frequency control system, full-power converter to make high-order harmonic
transmission to the grid fewer waves; real-time optimization of the control strategy to adapt to the

environmental conditions of the site and wind turbine position under different conditions.

(4) HRIEENRE ). S P SRR U R I E N AE ), MRS HIX R B IS IT AR
FOTEER], AR EES . WIBE. e SR, b, mE R, S/ RREE SR,

(4) Super environmental adaptability: High protection class design achieves super environmental
adaptability, rich operating experience in harsh environments, support for customized solutions, and effectively
respond to high salt spray, high humidity, strong typhoon, high altitude, strong sand and dust, and
low-temperature surroundings.

(5) myrlak. AI4E k. B4R, GBS ATIATE, ARURTHES R . A4 ot Pl E
LRI NERIS, BRCE S R BE, ATHT ER RS MRS N, BROR PR A
(5) High accessibility and maintainability: Super large maintenance space and super-high accessibility
can effectively improve maintenance efficiency. Self-maintenance design, the wind turbine unit is equipped
with complete lifting equipment from top to bottom and from inside to outside, which can be used to replace

small and medium components such as drives and cabinets, greatly reducing maintenance costs.
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(6) WHLRERME: A ThRARFA I B SRR 1, Mot R EL . A IhIETh H3hif
o KR S EREE SR, T OB AR R . F R XL B EE R S, RLALRGS 73 A 52 FEL I R

(6) High grid adaptability: Full power converter's grid supportability, grid-connected without impact, good
power quality, active and reactive power can be automatically adjusted. High and low voltage ride-through
capability are strong, meeting the requirements of the latest grid standards. The power grid and the wind
turbine drive chain are isolated, and the mechanical part of the wind turbine is not affected by the power
grid oscillation.

12 BiEEARESH

1.2 Technical parameter
XE157-3.X MW HLALA AR SHIE 1.
XE157-3.X MW wind turbine technical parameter as shown in Table 1.

#£ 1 XE157-3.X MW K /7 &k LA BARE AR S5

Table 1 wind turbine technical parameter

FF s m B B fir Z ¥
No. Item Unit Parameter
558 Th R
1 L D) kW 3200/3400
Rated power
42
2 A ELE m 157
Rotor diameter
T8 RUX
3 . . IEC S
Applicable wind area
PIN R
2.5
4 Cut in wind speed ms
BUE M
> Rated wind speed ms 9-0
] DI R (10 4MEIFID L 9
Cut out wind speed (10 min Average value)
\LIJ.I > I‘ =) R
7 Extreme (survival) wind speed m/s 52.5m/s (50 years return period)
( 3s Max value ) ) Y b
Wit
20
8 Design life i
. R 2 ;
Turbulence class
iR —40°C ~+50C
. Low Temp: —40°C~+50°C
10 AR oC
Survival temperature B, —90°C ~+50°C
Normal Temp: —20°C~+50C
iR ~30°C~+40C
T BATIEE oC Low Temp: -30°C~+40C

Operation temperature

IR, -10°C~+40C
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F 5 m H LN v 2 ¥
No. Item Unit Parameter
Normal Temp: —-10C~+40°C
12 ey EE‘.BE Q <4
Ground resistance
13 B m 100/7€ fill L 1t
Hub center height 100m / Customized
14 DA77 = ARAEAR TR
Power adjustment method Variable pitch and variable speed
: .
15 A m? 19458
Swept area
o 8
16 Blade number 3
W58 T i 77 ) i gas
17 ) L .
Rotor rotation direction Clockwise

Y EEREIUE RO AR PR HE T UL . S M RRTHE.
Description: The rated wind speed in the above table refers to the design value under standard air density and

static state.

2 BB HLE R A AR
2 Wind turbine component technical description
2.1 HHmEE
2.1 Structural layout drawings

XE157-3. X MW ELSRHUAH EZ il DU R EAE R R G R s e, BLE. Aol Rk, &R
ARG, WA WA RS, B3NEE RS WERS. HI3IR5%. B LEH RS WIRG. Wiz
2. BEE, PHSWREELE 2.

The XE157-3.X MW direct-drive wind turbine unit is mainly composed of the following components and
systems: blades, hubs, nacelles, generators, main bearings, pitch systems, yaw systems, wind measurement
systems, automatic lubrication systems, hydraulic systems, braking systems, electrical and control system,

cooling system, monitoring system, tower, etc. The structure diagram of the wind turbine unit is shown in

Figure 2.

&
»
p=i
H
3
=i
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Hub
L1
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Wind system
MRAFRH ——@

WA
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HRE

HEzRS
Environmental
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Blade

e I

Yaw system

A
Generator

Kl 2 ML R = E
Figure 2 Structure diagram of the wind turbine unit

2.2 ME S B
2.2 Rotor assembly

RS F T 25 SR B R e e SO RE o IRV R = AN I S e A 2 A 7 5 P 6 BB T 44
B BornEEILE 3, SHIE 2.

The rotor is used to convert the kinetic energy of the air into mechanical energy for the rotation of the rotor.
The rotor is composed of three blades connected to hub through a pitch bearing. The diagram of the hub is

shown in Figure 3, and the parameters are shown in Table 2.

K3 feBornm K
Figure 3 The diagram of the hub
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i

*2 XE157-3.X MW R K LA X AR S 5
Table 2 XE157-3.X MWwind turbine’s Rotor technical parameter

FF = m B B Az Z
No. Item Unit Parameter
M
Blade
R
! Blade length mm 76300
5 e A T B B 4N
Material Epoxy Glass Fiber Reinforced Plastics
HiE
3 Weight t 19.5
4 AR AT e R A T
Root connection component High strength bolts connection
BE]
Hub
1 TES HRALH
Type Spheroidal casting
2 IMRRA mm 4340 X 4600 X 3570
Boundary dimension
HiE
3 Weight ! i
4 %ﬁ:ﬁﬂ . QT400
Casting material

2.3 RKEHLARK

2.3 Generator assembly

H LA R G e Sl RO LA RE e ey R RE RO B AE IS I R R B R R R LB TR .

XE157-3.X MW H KK fEx BALI B K BALE T« KRBT (BT 87308 EHiK.

BhURHL. B B, KEVURER LA 4, SIRSHIE 3.

The generator is a component that converts the mechanical energy of the rotor rotation into electric energy.

The rotor is directly connected to the generator rotor through the main bearing. XE157-3.X MW direct-drive

permanent magnet generator is mainly composed of generator stator, generator rotor (inner rotor design), stator

support, main bearing, axial fan, Locking device, etc. The diagram of the generator is shown in Figure 4,

technical parameters see Table 3.

Harbin Electric Corporation Wind Power Co.,Ltd.
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K4 madUoREl

Figure 4 The diagram of the generator

%3 XEI157-3.X MW KU A LA K LB R 240
Table 3 XE157-3.X MW generator technical parameter

FF = m B B fr Z ¥
No. Items Unit Parameter
, TKHEARIE [F] 25 R B AL
LiEE
1 Model fvpe Permanent magnet low speed
yp synchronous generator
2 %%R_lﬁ . mm D 4950 X 2450/ © 5250 X 2400 (&)
Boundary dimension
HE
t 101/112
3 Weight /
52 Th 2%
4 LI kW 3430/3650
Rated power
r‘vﬁ% <
5 HUE HLE v 690
Rated voltage
6 . 0.95
Power factor adjustable range
Ly
7 GEANES P54
Protection class
5 AHTR D
Cooling method Air cooling
Y2555
o Insulation class H/F
10 T K =5 B Al
Main bearing Three-row cylindrical roller bearings
. EETRIEN IR/ E S 3
Lubrication method Add grease / automatic lubrication system
2.4 HAER
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2.4 Nacelle assembly

USSR LA S5 MLAR . fRATRSE. MmATHR. MR RS 1R, BRARG. WAL,
PUEIEHI RS e RGN, PUESMEEILE 5, 8L 4.

The nacelle assembly is composed of nacelle castings, nacelle cover, yaw system, yaw bearing, hydraulic

system, lubrication system, ventilation system, wind measurement system, nacelle control system, safety

system and other accessories. The diagram of the nacelle is shown in Figure 5. Parameters see Table 4.

K 5 HLARSME A
Figure 5 The diagram of Nacelle

* 4 XE157-3.X MW KUK B HLABLEH AR S5
Table 4 XE157-3.X MW Nacelle technical parameter

rF 5 I H B AL Z #
No. Items Unit Parameter
1 %%Rﬂ“ . mm 4240 X 3670 X 3890
Boundary dimension
HE
2 35
Weight !
KL
T400
3 Material )

2.5 RENRS

2.5 Drive system

Harbin Electric Corporation Wind Power Co.,Ltd.
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XE157-3.X MW K3 & RULALEAR I 1S CIEE
B AR R VAL S RGN UK MRS BR ARG =K, M T UGHLH A

E KA B G H, TIEEME R, 4R YELE, EHURSMEEILE 6, S REBARSHINE 5.

The direct-drive permanent magnet generator drive system is mainly divided into three parts: main bearing,

yaw system, and pitch system. Compared with the doubly-fed unit, there is no variable-speed gearbox drive
structure, which has high reliability and good maintainability. Main bearing drawing sees Figure 6, and Table 5
for the technical parameters of the drive system.

FAEBRGE R R RG0SR BN RGEHEATIENE, B RGE15 5 XL
T RGHEH], W SEPLEARIBATES] RS RIS RS RE S AR 5 R G T T
TS Tl i T A R R R AR AR R R R R A TR HE R I S BT o ARSI 3k R T R
T, T RTR I S BRGH Ji, A SR AT G R RCRE, AT DORCK AR F 2 L g
H AT B

The main drive system, yaw system and pitch system are lubricated by independent lubrication system
respectively. The start and stop of the lubrication system are controlled by the main control system, which can
realize remote operation control, state monitoring and lubrication parameter modification. By adjusting the
lubrication period and single lubrication amount, the precise timing and quantitative lubrication of the main
bearing, yaw bearing and gear and pitch bearing and gear can be realized. The open gear surface of pitch is
lubricated by non-air injection. The lubricating oil film is evenly sprayed and has strong adhesion. It can greatly

reduce the wear of meshing gear in the zero-degree position of the blade.

v
-
e

) vA'

’
) ""\‘
RS ) e

Yaaaae e

6 FHhRINE K
Figure 6 The diagram of Main bearing

#5 XE157-3.X MW Rk BHLEE B RGEF AR S

PS5 I B B AL 2
No Items Unit Parameter
F A

Main beari

=]
oQ

| A& R =H B R 1 AR
Bearing type Three-row cylindrical roller bearings

Harbin Electric Corporation Wind Power Co.,Ltd. 11 70 3k 297
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F 5 m H LN v 2 ¥
No. Items Unit Parameter
2 EEEE(M*EL . 42CrMo
Bearing material
3 g A= IRy e/ B shiEiE R4

Lubrication method Add grease / automatic lubrication system
R ARG
Variable pitch system

4

| IETVE B )
Driving method Gear driving
) AR A 7K VU A A o el 7
Variable pitch bearing Four-point angular contact ball bearings
3 HEREPIE TN g/ E S R 4t
Lubrication method Add grease / automatic lubrication system
ARILIR AN T 3 R LI Z]

Variable pitch driving method Motor driving
WAL RS
Yaw syste

Yaw driving method

| il LA fiifii/PLC 2l
Control Active yaw/PLC control
, Y Jy B )
Driving method Gear driving
3 At K VU 53 A 2 Ak R o 7
Yaw bearing Four-point angular contact ball bearings
4 HEREPIE T ¥ e/ E S R S
Lubrication method Add grease / automatic lubrication system

5 AR B3

Motor driving

2.6 FINEL

2.6 Brake system

FUHERIBI R G a5, R =M 2R AR5, ZHIE 6.

The main braking system of the wind turbine is an air brake, using three sets of independent blade pitch

systems, see Table 6 for parameters.

£ 6 XEI57-3.X MW K7 A HHLALHI I R GH A S K
Table 6 XE157-3.X MW Brake system technical parameter

m H LR v 2
Items Unit Parameter
o | A
Main brake Pneumatic brake
e g = WEN UG shas (H T 44
1) . .
2 Hydraulic / Mechanical brake
Second brake .
( For maintenance only)

2.7 BERIFFHIRS
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2.7 Electric and control system

XE157-3.X MW X J) & BALZE o S i) 3R 4t DA PTG R4 ) 2% 9 A% 0o, 32 B ER & B PLC 42 il 4%
FEThRed RS R, FEAS B RS VUAREHIE ., FRBdshHE, KARESE, F8
RENE SEILANLI IE I AT 48] . ABLSR 2 DUR B R ARG sl I S A3 L A7 2 E . Bl
R ER RN THAE, W&H 2@ RN, A8 sCOl i@ mALE AR, RERERSSE, 85
RGUREEILE 7, BB REEARSHNE 7.

XE157-3.X MW wind turbine electrical control system takes programmable controller as the core, the

control circuit is composed of PLC central controller and its function expansion modules, mainly including
tower base control cabinet, converter, nacelle control cabinet, hub control cabinet, water cooling device, etc,
mainly can realize the normal operation control of the wind turbine, wind turbine fault diagnosis and
self-protection, fault detection and processing, operating parameter setting, data record display and manual
operation. It is equipped with a variety of communication interfaces, which can realize local communication
and remote communication, state monitoring system, etc. The electrical system diagram is shown in Figure 7,

and the electrical and control system technical parameters are shown in Table 7.

® &
wuseen -
=551+AH /
/
e X °
1
E —K©
il
L ® o
[=z=1 o v
siisiv o
ﬂ =)
" P pucil
iz -
il
Eis] // (5
ol

K7 BB RoRE A

Figure 7 The electrical system assembly diagram

# 7 XE157-3.X MW K 1K ML LS 48 1 R Gt AR S50

Table 7 XE157-3.X MW  wind turbine electrical and control system technical parameter
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F S o H - vA Z ¥
No. Items Unit Parameter
BAEH RS
Electrical and control system
| il LR .
Control unit type
oA A, RS0 PLC B F B E 5 B A AR 1 S
FHAE . AUsTEHIE I fe s s, S5
1) 3= 3k BT 22 e A S Bk AR
Pt 2 Distributed control, PLC hardware modules of the control
2 Control type system are mainly distributed in the tower base control
cabinet, nacelle control cabinet, and hub control cabinet,
and the master station unit involved in the calculation is
installed in the tower base control cabinet.
X/]ILI% ;E

2.8 Converter system

HUH K B R Gl 4 Dh A B TR AN, R ARG EREER L — HE— 22851, #K
R IR) 25 A0 R LA L 8 Al T it P 5 AR YA AR e B AR U P, I AR AR IR N LR . AR
BARMERMAT6 L.

The power generation system of wind turbine unit is connected to the grid through a full-power converter
device and a transformer. The main circuit of the converter system adopts an AC-DC-AC structure, which
converts the non-power frequency AC power output by the permanent magnet synchronous wind turbine into a
power frequency AC power through the converter cabinet, merged into the grid through a transformer. The
converter is installed on the platform at the bottom of the tower.

LI HRABR AR EEY (Back-to-Back) A PWM Z5#4),  HUATLAN AR 46 25 S0 A FEUML ) 28 A ek
FRFzE ), i AR B DO AR AT 8 S LU BR 2K R s DA S 2 ) T 4 R R TG D D

The full-power converter adopts a Back-to-Back dual PWM structure. The motor-side converter realizes
the control of generator power and speed. The back-end grid-side converter stabilizes the DC bus voltage and

controls the power factor and reactive power.

R 8 XE157-3.X MW X7k LA A4 RGBS
Table 8 XE157-3.X MW Converter system technical parameter

FF = m B B fr 2 ¥
No. Items Unit Parameter
. LGN A2-H-%/IGBT
Type AC-DC-AC/IGBT
o LA S22 AR A b S
Output frequency change range
A A
3 LWL TRAREENES v 690/690
Input / output voltage
o HH Th 22 R
A it T A A -0.95~+0.95
Output power factor
5 R KTy
Harbin Electric Corporation Wind Power Co.,Ltd. %14 T 3k 297
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2

Parameter
Cooling method Water cooling

29 IIERS
2.9 Monitoring system

U 4% R — oy o el 4% R AT FE I I R 5t .

e i R G s HE TR 4 L SRS AL, CRIPEE L PR S A, IR TR
FL N 5 A R A R il XU L o

EFEME IR GE e b R R s L AR B AR . ZHL) BRI (IR, BLW
%, Internet) WM HHL. (R ARG GRS N, FEIRER TR P SLr 255 K
IR ER LT e o

e E XUBE 2 7] H TR 1) SCADA R 48, il T RE 78 3 1K X7 FEUNL rb o 42 B0 Rz o M 0 e A1
AISEI R A K 2 R LAY S AR B R AR A, e R GUR B E L 9.

The wind turbine monitoring system is generally divided into a central monitoring system and a remote
monitoring system.

The central monitoring system is composed of local communication network, monitoring computer,
protection device, central monitoring software, etc. The main function is to centrally manage and control wind
turbines by wind power plant personnel.

The remote monitoring system consists of a central monitoring computer, network equipment (routers,
switches), data transmission media (phone lines, wireless networks, Internet), remote monitoring computers,
protection systems, remote monitoring software, etc. The main function is to allow remote users to view in
real-time wind turbine operating status, historical data, etc.

The SCADA system independently developed by Harbin Electric Corporation Wind Co., Ltd has
comprehensive wind turbine central monitoring software and remote monitoring software, which can realize
remote data collection and monitoring for multiple wind farms and multiple models wind turbine in real-time.

Diagram of the central monitoring system see Figure 9.

Harbin Electric Corporation Wind Power Co.,Ltd. 315 71 3k 29
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Vs N
4 o 4 ~
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Figure 9 Diagram of the central monitoring system

2.10 B
2.10 Tower

XE157-3. X MW HLZHFC 8 B 100myR5 € e FE e, 38 ) D 4 A o £ =X B - TR Bt L VR & R 45
Bt HEANHIE SN . RNl MR IR T2 M DA B . IRt B 18], P AE 2t
VA e BETE SRR 00 T R I T R L (Y RS AR AT R o A R R A R A
PRERVEE b B, RS AR 2R AR R

B YA TCRE  TCT: Bl 25 RN e (R 2 o B85 i vt B 7 T g — BRE B R B &
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TR a2 G AN INCE: . B REAPLAS N 2R A AT .

PN EEA B g i s, R AR AR S b DUR] T HUAR (i AT o
XE157-3. X MW LR EE RS EG Y], FERAMIES 42 TTAR.
The Hub height of XE157-3. X MW is 100m/specific height design, and the tower is designed with all-steel

cone or steel-concrete hybrid structure. The cone-shaped steel tower supports the nacelle, generator, and rotor
and transmits the forces experienced by the wind turbine unit to the foundation. Between each section of the
tower base, connect with bolts and flanges. The connection between the tower and the foundation is through a
foundation ring embedded in the foundation. The yaw bearing is directly connected to the tower base flange by
bolts. Electrical equipment such as the main control cabinet and converter is installed at the bottom of the
tower.

The tower is equipped with a climbing ladder, a climbing booster device, and an anti-fall protection device.
The tower has platforms for resting at intervals along the height direction. The top platform is equipped with a
ladder to enter the nacelle. The tower and the nacelle are equipped with lights.

The tower is equipped with power cables and control cables, and the cables are suspended on the upper
part of the tower to facilitate the yaw of the nacelle.

XE157-3. X MW unit supporting tower parameter description, see section 4.2 details.

2.11 Efth
2.11 Foundation

WRAEAF BB A, ATk ) Ul (HRRIERD BUR SRR . 3 BKEE B & 5 MEEHE R
PUR I K15 B B TR A R ) _E A7 e . KAy BB A e ) i el R AL 3 20 )\ I B AR T

XE157-3.X MW HLALFRAESLA BRI P LAV SS 4.1 5 A 7

According to different texture conditions, a gravity foundation (block foundation) or a pile cap foundation
can be selected. Mainly rely on its gravity and the pull-out force of the foundation pile to balance the upper
overturning moment, horizontal load, and vertical load transmitted from the tower. The basic appearance is
mainly octagonal and circular.

XE157-3.X MW unit standard foundation information description, see section 4.1 details.

2.12 #MEL
2.12  Grid connection system

PR 2 48R AC-DC-AC ARt 77 20, $ K FEHLA L FIRAIAZ i L 4 B B A2 O ELIAU L (AC/DC),
T2 DC/AC WiAZ 2522 0 5 ra N [RI A28 [ AH I AS R, B 228 IR ae IR N LR, 58 1l i) R P s P BE R
1155 . HLALII% H LR /& 690V RN S0Hz, AR R 38448 10/35KV 1R R R L.

The grid-connected system of the wind turbine unit adopts the AC-DC-AC conversion method, which

converts the low-frequency alternating current from the generator into direct current (AC/DC) through

rectification, and then into alternating current with the same frequency and phase as the grid through a DC/AC
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inverter. Finally, it is merged into the power grid through the transformer to complete the task of delivering

electric energy to the power grid. The output voltage of the wind turbine unit is 690V, the frequency is 50Hz,
which is transformed into a 10/35KV high voltage by a transformer and connected to the grid.

R I3 K RN 5 R IR — WL — A2 B 2, 34 R [l i ey AL 2R 2 32 0T S d B 1 e 2 55 A AR
IREMAHE, HLH S B MR & E LK 10,

The connection between the wind turbine and the power grid adopts the form of one machine and one
variable. The power transmission circuit is connected to the low-voltage side of the box substation through the
main switch of the wind turbine input line through a direct buried cable. The diagram of the connection

between the wind turbine unit and the power grid is shown in Figure 10.

R n
B T
e e e

| -
\ng H— AC — DC — N
| - " EREE 1 P
. - 1 i, a
TR Tl ) 0
2 Wah o= E i i
| T % ﬁ
de9Em -
[ZE:] : =
e A E:g e TP

K10 X775 s bLAL S e B s 1

Figure 10 Diagram of the connection between the wind turbine and the grid

2.13 FFERRIF
2.13  Lightning protection

XE157-3.X MW XA AL B T 240, AR BINLA AL, &0 YR A 1 ™ 1 B v o fR
Tt ARAEAH S (B T bR, IR RS N2 A AR A VE D R R I (T 1) o B ASEI B
T XECRIUE R B B, REASETE R 3 R0, R ORY RS i AL, e Et
X E HL A R T T

The lightning protection system of XE157-3.X MW wind turbines adopts strict lightning protection
measures from the blade tip to the foundation of the wind turbine unit. According to the corresponding
lightning protection standards, the wind power generation system is divided into multiple electromagnetic
compatibility lightning protection zones (Figure 11). Effective protection measures are taken for different

lightning protection areas, mainly including lightning receiving and conduction systems, overvoltage protection

and equipotential connection, etc., which are fully designed for the characteristics of lightning.
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Figure 11

Lightning protection system diagram of wind turbine

R 9 LA B

Table 9 Lightning protection design description of wind turbine

F s o B B fr Z %
No. Items Unit Parameter
%[ IEC61400-1. IEC61024-1. IEC61312
! Lightning protection design standard Designed following IEC61400-1
IEC61024-1 IEC61312, in line with the GL
certification specification
=5 EE PAAN[grR=Egaray
By BIPIER  REORPTE
2 Lightning protection measure Electric lightning protection.
Blade tip lightning protection etc.
; BUALBEHE R L o —
Wind turbine grounding resistance value

U TR BT A T EE, M B B A 2 HREN s, RN Sl Fy A ER T 51 R 25 A fR S
O BRI P R PR e . XU LAL R B e Bt s S LA 12
The top of the nacelle is designed with lightning rods, and the blades are equipped with multiple sets of

air-termination devices. The air-termination devices are connected to the blade lightning protection terminal at

the center of the blade root through the down conductor embedded in the blade. The diagram of lightning

protection grounding design for wind turbines is shown in Figure 12.
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Figure 12 The diagram of lightning protection grounding design for wind turbines
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3 Wind turbine power curve

#£9 XE157-3. X HIAMMEZTEE NSRRI, R

Table 9 Dynamic power curve and thrust coefficient of XE157-3. X under standard air density

PrdfE A% (1. 225kg/m3) Standard air density (1.225kg/m3)
15m/s Jiiit 2 F-¥41E: 0.1 15 m/s Turbulence average value: 0. 1

KUE (m/s) & (kW) Power Ih# (kW) Power 25
Wind speed (XE157-3200) (XE157-3400) Thrust coefficient
2.5 8. 11 58.76 1. 25192
3.0 101. 44 115. 32 1. 07569
3.5 201. 20 200. 32 0.95155
4.0 332. 06 318.50 0. 85715
4.5 494. 97 472. 89 0. 84215
5.0 690. 88 662. 67 0. 84238
5.5 992. 54 884. 31 0. 84293
6.0 1199. 98 1148. 83 0. 84274
6.5 1530. 50 1460. 99 0. 84262
7.0 1903. 40 1823. 60 0. 84279
7.5 92974. 64 2209. 25 0. 82985
8.0 2619. 75 2545. 65 0. 78564
8.5 2857. 89 2797.99 0.74371
9.0 3017. 96 2969. 55 0. 58395
9.5 3106. 29 3085. 22 0. 46831
10.0 3158. 66 3186. 86 0. 38877
10. 5 3194. 81 3274.83 0. 32877
11.0 3200 3335. 88 0. 28199
11.5 3200 3382. 64 0. 24456
12.0 3200 3400. 00 0. 21401
12.5 3200 3400. 00 0. 18873
13.0 3200 3400. 00 0. 16751
14.0 3200 3400. 00 0. 13426
15.0 3200 3400. 00 0. 10981
16.0 3200 3400. 00 0.09124
17.0 3200 3400. 00 0. 07690
18.0 3200 3400. 00 0. 06569
19.0 3200 3400. 00 0. 04944
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Figure 13 Dynamic power curve of XE157-3400 unit under standard air density
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Figure 14 Thrust coefficient of XE157-3400 unit under standard air density
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4 Wind turbine engineering assessment parameter
4.1 tREERL R
4.1 Standard foundation information
BBl ff 27 AR AR IS S B A bR &R (N 15 B ) 5 UL T35 R T e, AN
PR TERe, JF 5 Rt ORFREE o
The foundation load reference coordinate system adopts the tower load coordinate system (as shown in

Figure 15). The origin is located at the center of the bottom section of the tower, does not rotate with the nacelle,

and remains fixed to the foundation.

Bl 15 B8 fa B Ak dr AR ]

Figure 15 Tower load coordinate system diagram

10 PR ET (BRI
Table 10  Ultimate load ( Bottom of Tower )

AL
Force-bearing types Fz Fxy Mxy Mz
$4¥ kN kN kNm kNm
Unit
LA RH
Safety coefficient 1.0 1.0 1.0 1.0
SR TS - -
Safety coefficient included o487 1094 120937 5528
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# 11 XE157-3. 4 LA bR AESEAE TFE &=

Table 11 XE157-3.4 wind turbine standard foundation work amount

o TREEt B
L:<R}v2 m’ t
= 550 (C40) 48

T AT SR A AL B A AE AR BB SR b (Y R R BEAT ROARHESE R BT, RO B AR T TR AR 2
S Frg o B A o A8 TS T

Note: The basic data provided in this section is a standard basic design based on the assumption of hard
clay. The specific basic design needs to be specially designed according to the local detailed geological survey

report.
4.2 HUBERHIE
4.2 Wind turbine tower data

* 12 XE157-3.4 MW HLARER FHEE
Table 12 XE157-3.4 MW wind turbine supporting tower data

lE =) AR SN RS (mm) FE(Y)
No. Name Boundary dimensions (mm) Weight(t)
| &1 94600%12200 52.9
Section one
F2H
. 4 1 1.4
2 Section two ¢4600x16800 >
H3H
3 Section three ©4600%22400 52.1
4 4T (p4600~4110) x22400 416
Section four
HSH
(p4110~¢3550) x22800 .
5 Section five ¢ ¢ 30.6
BB CEHH) i H=96600 5385
6 Tower total weight High H=96600 '
7 ke 20.5

Y ZIE A S HONNI bR IS R 28, BRI 35 8 2 BH AR 00 H X G I A s AT R 15 DU 8 it
Note: The tower parameters are the standard tower parameters of the wind turbine, and the specific project
tower parameters need to be specifically designed according to the project's wind resources and other operating

environment conditions.

5 H4EEEE N MR

5 Adaptability description of wind turbine power grid

R LA BT A2 FE A LR 6 0F N IR RIS AT I ESR, XTI AR IR BRI, 75 2R 2t
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The design of wind turbine meets the requirements of the normal operation of the power grid under the

following conditions. If there are special requirements for grid connection, it is necessary to carry out a

differential design according to the actual situation of the local power grid.

5.1 EREEmIR
5.1 Power quality

HUZH HL e T A& TEC61400-21 FRIARHEZE 3K DA B (15K L I A ] XU 753 N\ FL I AR B sE AT ) )
R FHLAL e 2 A7 BT e N8 SRR B2 f I TN AR 1 GB12326 M-8R s WUy K FaBLAL RE A DR UL 37
TR N8 HEBe 12 r (R VS U N AL A2 GB/T 14549 (2R . X LI 0 A IR TN A8 3 &2 GB12326+ 1
P & GB/T14549 = A HL AN P-4 25 i GB/T15543 FIMLSE I, IR P (1 X0 & B AL RE IE #3847

The power quality of the wind turbine meets the standard requirements of IEC61400-21 and the
{Technical Regulations for Connecting Wind Farms of the State Grid Corporation of China (Trial)) ":
Wind turbines can meet the requirements of GB12326 for the flicker value of public connection points
connected to wind farm; The wind turbines can ensure that the harmonic injection current of the public
connection point of the wind farm meets the requirements of GB/T14549. When the flicker of the wind farm
grid connection point meets GB12326, the harmonics meets GB/T14549, and the three-phase voltage unbalance

meets the requirements of GB/T15543, the wind turbines in the wind farm can operate normally.

13 HLAEAN BT ER

Table 13 Power quality requirement

A ER
Items Requirement
LR -10%/+10%
Voltage
i %
G 50Hz+/-0.5Hz
Frequency
FEL s AN AR BRAE 4%
Voltage asymmetric limit value
WL T2 R 5 JEAE 0.95~ %1% 0.95 Z I8 W]
Wind turbine power factor Inductive 0.95 ~ Capacitive 0.95 (adjustable)
7 R AR AR F R e 7
Harmonic content of total current of transformer low <5%

voltage side

5.2 S
5.2 Frequency
X FE ) R e A I, X R LA e R R 14 RIS AT .
When the grid frequency of the wind farm grid connection point deviates, the wind turbine can operate

according to the requirements of Table 14.
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® 14 PR E T KR EIIEAT

Table 14 Wind farm operation under frequency deviation

PR oY 43 3R 15 R R
Grid frequency range Requirements
T 47.5H FRAE R L) K BBLAH AR VRIS AT I B AR AT T 7
. VA

It is determined according to the lowest frequency allowed to operate the wind

Lower than 47.5Hz farm’s wind turbine.

REANZFAR T 49.5 Hz I 2Kk 2/ REIS AT 10 208
47.5Hz—49.5 Hz Each time the frequency is lower than 49.5 Hz, it is required to run for at least 10
minutes.

EHHEAT .

49.5Hz—50.5H .
9-5Hz—50.5Hz Run Continuously

BUBFEET 50.5Hz B, Z/AR8E1T 2 0%k, IF H 48R T 50.5Hz i, AN
FEVFIF IR IR A LA I

50.5Hz—S51Hz Each time the frequency is higher than 50.5Hz, it can run for at least 2 minutes; and
when the frequency is higher than 50.5Hz, wind turbines in the stopped state are
not allowed to be connected to the grid.

AR5 e 90 1 B AR 1T R 4R 2 BR DD 23847
Power limit operation according to the instructions of the power grid dispatching
department.

=T 51Hz
Higher than 51 Hz

5.3 REBEZHaE IR
5.3 Low voltage ride through capability description

HLALRT XU 37 HE DX R AL B 2 R Rt A2 P 17 2R XUH 3% 9 X o Pl 7 P PP L R SR JBR 26 A DA |
I I A I, 37 A AT BUHLZE D6 DR AIE AN [B] B I 475 FEI e i 78 B o B R R JBRZR DL RIS, 34
KR AL SRVF ) H o o

The low voltage ride-through performance of the wind turbine to the wind farm grid meets the
requirements of Figure 17. When the grid connection point voltage of the wind farm is in the area above the
voltage contour line in the figure, the on-site wind turbine generators must ensure uninterrupted grid connection
operation; when the grid connection point voltage is below the voltage contour line in the figure, the wind

turbine grid is cut out.

CI R A B VALAE 0 Fi TS 2R 2 20080078 Fi LS I BE B 4E 45 7 (IS AT 625ms FAIG L Ik 2 Bk g
(1) When the grid-connected point voltage drops to 20% of the rated voltage, the wind turbine can

maintain a low voltage ride-through capability of 625ms for grid-connected operation.

(2) RS IFM AR R A RV 28 PN RERE VR B BIHUE HUE K 90% S, X7 A ATLAL fRofs I
18175
(2) When the voltage at the grid-connected point of the wind farm can be restored to 90% of the rated

voltage within 2s after the occurrence of a drop, the wind turbine will maintain grid-connected operation.

(3) Xt ks I Ia) AT U0 A K R Ly, AT D DR AE SR DI R PRIE KR, BLE D 10%5005E 2h
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(3) For wind farms that have not been cut out of the grid during the fault, their active power will quickly

recover after the fault is removed, and return to the value before the fault with a power change rate of at least

10% of the rated power per second.

5.4 SEBEEZFE IR
5.4 High voltage ride through capacity description

KR EAVH R & m g ge 12 (ORI B Wik 2 B e M RE R ) 2% o A Hhox) v LR 28
REJTINESR, BARMNTR

Wind turbines have high penetration capability to meet the requirements for high voltage ride-through
capability in the draft of the {Test Procedures for Wind Turbine Fault Ride Through Capability) submitted for

review, as follows:

a) MM EATE R I A B R T = 2 130%A5 Pk L B B % CRAUEAS I & 22247 500ms 1)
Vak

a) The wind turbine can ensure continuous operation for 500ms without going off the grid when the

o>
[aYay

voltage at the grid connection point of the wind farm increases to 130% of the nominal voltage.

b) ML AT 7E KL I I 05 T R 2 125% 0 FR LS B RE A DR UIEAS B 93 423247 1000ms
HIRE s
b) The wind turbine can ensure continuous operation for 1000ms without going off the grid when the

voltage at the grid connection point of the wind farm increase to 125% of the nominal voltage.

o) N EATTE X HI I W 5 H R TE R 2 120% BB FL R o 6 68 CRAIEAS B I 822 4T 10s [RRE
ik
¢) The wind turbine can guarantee continuous operation for 10s without going off the grid when the

voltage at the grid connection point of the wind farm increases to 120% of the nominal voltage;

&> RENH AR I W A H T & 2 110%A5PR B IS BB A8 DR AUEAS i X E 2238 47 1R g
d) Wind turbines can ensure continuous operation without going off the grid when the voltage at the grid

connection point of the wind farm rises to 110% of the nominal voltage.
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Figure 16  Fault Ride Through Capability

5.5 BL/EIhETI#E
5.5 Active/reactive power adjustment capability

W35 BRI ZE 428 1) 5 495 R AR 4l L 19X 3 FEE R X R 33 47 N D3RR i 47 UL Y BE 0 Y R PN S 300 XU R
WA TR

The wind turbine control system can realize the adjustment of the active and reactive power of the wind
farm within the capability of the wind turbine according to the power grid dispatch and the instructions of the

wind farm operators.

). T ARG A AL I DD 3R 5 DDA AR IRE 1, HLALE IR R BB TRET
A A L DR R BR324 N B 4R - S R A ) R0 A 2 KWL T EZR A D). TED DY

The active and reactive power regulation system can control local and remote active power and reactive
power. The wind turbine unit can perform online active and reactive power control on each wind turbine
through the control software according to the power grid dispatching or the wind farm operator’s instructions

under normal power generation operation. reactive power regulation.

W1 BN B A DD R4 8 71, FRBOF B 3T R I &I A Thoh &Rz ilE 5, AU
FEHIVE AT LAAE 2096 ~100% Cf R XUOL R B K EH D<) VS A2 9, JE D hlvE £ 0.95 (U
) ~0.95 CEME) HITE RN TR

The wind turbine can control active power. It receives and automatically executes the active power control
signal sent by the wind farm. The active power control range can be smoothly adjusted within the range of 20%

to 100% (corresponding to the maximum output power of the wind condition). The control range is smoothly

Harbin Electric Corporation Wind Power Co.,Ltd. #28 T 3k 2971



XE157-3.X MW A 71 & LA 2 AR BLYE 45 i 5 :
adjusted within the range of 0.95 (inductive) to 0.95 (capacitive).

2 X7 I E I R L IR AR 22 4E-10% ~+10% 2 [H I, XA BN BEIE W 384T 2R I MY i
J A 22 i+ 10% 0, XA 37 IS AT IRZS i XU 32 05 RO R UL PR RERA E s =49 XU 0 X L T
R THUE F R 90% 0, XU RE 17 BE i A2 A1 B 27 B AE ) 23K

When the voltage deviation of the wind farm grid connection point is between -10% and +10%, the wind
turbine can operate normally; when the voltage deviation of the wind farm grid connection point exceeds +10%,
the operation status of the wind farm is determined by the wind farm seller. The performance of the generator
set is determined; when the voltage at the grid connection point of the wind farm is lower than 90% of the rated

voltage, the wind farm can meet the requirements of low voltage ride through capability.
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