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1 Research background

1.1 Wind energy resources

> Land of 10 m height from the ground | ZELXAZIERZsn e
wind energy resources reserves is
about 4.35 billion KW,

» The development and utilization of

wind energy reserves is about 750
million KW on the Sea of 10 m height .

» Land of wind energy resources in
China are mainly distributed in three
north regions (northeast, north,

northwest, southeast coast and the ! ot i | = : Il
: i S K :
ISIandS' E ;DW-’m’rJ.'F (Low) zimg ’f ' /Km‘a
" A= TR
» The wind energy resource is large and widely Effective wind power density
distributed in China distribution in our country
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1 Research background

1.2 The market demand

GLOBAL ANNUAL INSTALLED WIND CAPACITY 2000-2015
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In 20135, the global wind power 1nstalled capacity
hit a record high. Global new installed capacity of
11715 mw, up 22.64% from a year earlier.

Between 2007 and 2015, Asia, Europe,
North America, the installed capacity
is higher. In Asia the installed capacity
1s Increasing year by year .

» China is the big country of Asia's abundant wind resource, so wind power

generators have a big commercial market.
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1 Research background

1.3 National policy

The 12th five-year plan for public institutions
to save energy resources

The 12th five-year plan
for national science and
technology innovation
plan

“The 12th five-year plan for energy

conservation and emissions reduction'

'

The "rise of green" strategy in

hebei province About promoting the development

of the "Internet +" wisdom energy
guidance

Energy industry standardization
management approach (trial)

» It is our duty to follow the Chinese policy of low carbon green environmental protection and
develop resource-conserving and environmentally friendly industries.
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1 Research background

1.4 The traditional wind turbine

Gear box of high failure rate DFIG
Tower mass 1s heavy

Needing rectifier and inverter

Towe.r mass 1s heavy | PMSM
Needing rectifier and inverter

Safe and reliable
Saving tower mass HWT
Omiting the rectifier and inverter

J

TR HLBL
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» Compared with traditional wind turbines, hydraulic wind turbines have advantages

1n safety, energy savmg and simpler structure.
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1 Research background

1.5 Advantages of hydraulic wind turbine -
\%
. . S o R HLAL G
Engineering ’@]ﬁ“ﬂ
. y W
1. advanced technology; .
.. ; Ak
2.convenient installation ; T
3. advanced structure;
4. Control system is high efficiency. ’:-\EW A
mim
|
Technical ﬂ
1. flexibility and high reliability; (e )G )—pCate )= )—>( e )
2. low cost, easy to realize standardization;| I
3. tracking power easily, ) R > () WL (/8 memssan =0 wm
4. wind turbine power series can be P 7 | | \
realized. R4 B R T

» Hydraulic wind turbines have many engineering and technical advantages.
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2 Brief introduction and classification

2.1 The composition and working principle

@E7J<
F — Kbl € Hydraulic wind turbine (HWT) is

[ ’ consist of wind turbine, a fixed
a l = rd ) L

L "' @ displacement pump-various motor
| ‘ \ closed hydraulic drive system and
L synchronous generator.

€ Wind turbine drives fixed
displacement pump to export high
pressure oil. Then the oil is exported
to motor. Finally, motor drives
generator generating electricity.

» The wind turbine drives hydraulic pumps. And the pumps drive motors. Then motors

generates electrlclty
Hebei province heavy machinery fluid power transmission and control \




YANSHAN UNIVERSITY

2 Brief introduction and classification

2.2 Classification

Vertical shaft Horizontal shaft

According to the blade fixed axis orientation of wind turbine, it can be classified as follows.
(1) Horizontal shaft: it needs adjust orentation timely to keep consistent with wind.
(2) Vertical shaft: it can collect various orentation wind.

> Wind turbines can be classified to horizontal shaft and vertical shatft.

Hebei province heavy machinery fluid power transmission and control i



3 Present Condition of Research

3.1 Present Condition of Foreign Research

XL <

YANSHAN UNIVERSITY

7

.

Chapp drive company

225kW. 900kW. 5MW types.
3 Europe patents, 3.3MW and
6.6MW are under research.

\

7

.

Atos
Using Radial piston pump ,

purchased by Mitsubishi. 7MW
“Sea Angel” was installed in

2015

v,

7

\.

RWTH Aachen

Highest efficiency is 85%, speed
control and pressure control .

\

J

generator

generator 1

generator 2

» The three companies did a lot of research on hydraulic wind turbines.
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3 Present condition of research

3.2 Present condition of domestic research
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Zhejiang university Shanghai Jiao Tong University

» Several Chinese university also did a large amount of work on hydraulic wind turbines.
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4 Wind turbine
4.1 Wind turbine model

4 7 )
A
"7 f\}fﬁ? v
/ / / N
_ | A D oal a4 W2 A
A A R A > X
] ARV 77 >
N Y
\ //\ //\ //\ AN, ;

Output power and
pneumatic torque of

wind turbine are

1
P_EIOACP(ﬂ"ﬂ)v
P
I = a)_ 000123456789101112131415

A y,

» To improve the generating efficiency, the characteristics of wind turbines are researched.
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4 Wind turbine

4.2 Wind energy and wind turbine operation area

Although Wind speed has certain randomness , it still has a certain distribution principle.

Mathematical method is used to describe wind characteristics. Blow picture is the relevant

data in a wind farm.

20 20

e ——the simulation wind speed

18-— 13-.
6|
14'-
12-

10 |

actual wind speed/(m/s)
the simulation wind speed/(m/s)

0 10 20 30 40 50 60 70

time/s time/s
The actual wind speed curve The simulation wind speed curve

» The wind speed model is simplified to a sum of four typical wind speeds: basic
wind, intermittent wind, varied wind and random wind.
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4 Wind turbine

4.2 Wind energy and wind turbine operation area

€ A study about 850kW wind turbine has been conducted,
relevent curve of wind turbine speed obtained as followed.
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—&— v=4m/s
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Wind turbine power output

characteristic curve

» A high precision wind turbine

model accuracy of more than 95 % )
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the

—B—v=4m/s
—eo—v=5m/s
—8— v=6m/s
—x—v=Tmls
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—*—v=9m/s
—>—v=10m/s
—x%— v=11m/s

[ ]
o —*—v=12m/s
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Wind turbine pneumatic
torque characteristic curve

model is proposed. (the

€ Analyze of running area

K v/(m/s)

Output power of wind turbine

A~B: Local load area :
B~C: Rated load area ;
C~D: Exceed load area.
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4 Wind turbine

4.3 Wind turbine analog simulation research

There are no actual wind condition in lab. Variable frequency generator simulates
wind turbine characteristics.

—_——— e o —— ——

L o | ;
Z%%}Xhiiv:i . . 5
W54 B hi’l‘"‘ L{i%ﬁ%ﬂ%ﬁ AR -
#W*%R: i

RO

Analog simulation of wind turbine must meet the following three similarconditions
(1) Same wind energy utilization coefficient ; (2) Similar power;
(3) Similar moment of inertia

» Wind turbine simulation method is realized in the above aspects.
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S Hydraulic main drive system

5.1 Quasi-synchronization grid control
~ @ The same waveform ;

(@ The same phase sequence ;

Five conditions of K (3 The same frequency;

connected to Grid

(4 The same magnitude ;

- (B In the same phase .

For the state grid The range of motor G(l‘is control mode:
frequency : - speed : enecon-
S50Hz =X (0.2)Hz 1500 & 6r/min - :Ielg;ﬁg;a;‘eous

» Five conditions are needed in Quasi-synchronization grid control.
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2.5 Hydraulic main drive system
2.5.1 Speed control-Flow steady speed feedback control mode

el
T Torque out |[__ _miy‘)’?_“'_____‘___l_.____._
1 }1 2 " Speed out \ ()’ 5 6 []\A :— 1.3 14 :
v\/E /—: Pu A \ Power out Tu 2 b I %,_ljﬂ:l_‘ i
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Motor displacement
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' LE *Flow feedback pump- variable motor
motor closed circuit diagram ~ operating characteristic curve speed control system schematic
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*Fixed displacement pump- variable *Fixed displacement pump- variable

»The frequency allowable value of =

0.2Hz before connect to grid. » Motor displacement reference value is
»synchronous generator speed is 1500 given by the calculation of system
= 6r/ min

» Speed control method of fixed displacement pump-variable motor system and steady
flow output control method is researched.
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2.5 Hydraulic main drive system

2.5.1 Speed control - Based on the speed of the feedback
linearization control mode

€ Controlling output option and Tracking target choose

1520

}H( ) D 0, Py = Dp‘xl'XZ £ 1510
Y= £ 1500
hy(x)= Py, =x, 5 1490
oW o & 1480
: X 14
o D,0,~Cypy +(V,/BD,0,)(D,py, —v,) % o

K < 1450
KUy -Cypy, - K v

& K,®,

_ 3 3
Ve =Kp @) = Kpx;

=)
CIjAyAN

10 20 30 40 50
B 18] #/s

Baw +T,

YVod = Pnoa™ D

m

Zmmd L 0 10

10 20 30 40 50
BTIE] #/s

» Wind turbine grid-connection control under the condition of changing wind speed is realized.
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S Hydraulic main drive system

5.1 Speed control -Based on dynamic cover control variabl
¢ motorangular speed control

Various motor control law is

consist of 3 portion as followed.

(1) Reference value of motor
angular

(2) Compensation value of motor

angular corresponding to system
leaking

(3) Compensation value of motor

angular corresponding to system
pressure transient adjustment

]_7h2:

Dynamic
cover
controller

Sl = Wy — Wpyg

S, = Pna — Phad

(_lel + a)md)Jm +Bma)m +]Z:

Ko Mhom

T1Phod + Ph2a = Pro

VO 2

D,w,—C,py — (k8 + Prag)
_ Do, _ CipPhi (kS + pad)Voo

»Hydraulic system output speed is controlled by the variable motor angle.

Hebei province heavy machinery fluid power transmission and control i




R <

YANSHAN UNIVERSITY

S5 Hydraulic main drive system
5.1 Speed control-Experiment and simulation

\_

(Grid impact characteristics simulation )
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Grid impact characteristic experimeni:,

21}

_ 1503 20| .
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» Voltage and frequency offset have less impact on grid, and a greater influence on the phase angle
difference.
» The impact current is small than 30% rated current, and the phase angle impact is about 4 degrees.

2 3 4
Hf ] ()

10
B[] (¢/s)

J
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S Hydraulic main drive system
5.2 Main drive system power control—Active power control

R g dl kS LT B

R

—— O
EZIR A)U‘AZUI\: 1% 104%“ bk 18 T 104%“
1500 r/min RS 517 TEMEHRERRE Wi 7
TN 102% 102% - BB
e, _ : o D \
fiil i H AT H WU ik KL }‘”‘ L l o 1000, /
: T oo ». 100% - S S——_—S e ———
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— E T =
] M
kb S 95% - | 95% -
1 1 1 1 [ 1 1 1 1 -
Dot | oo |— 2 We B e
1 ! I . IR .
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Using droop characteristic control scheme to establish the

Position closed-loop control ; motor speed closed-loop
linear relationship between speed and power

control ; power closed-loop control

72 9.2, 13.6 -
I — Dh R 3 [ R — ThEW R
o8 i ithees 88 e 182" e
> 64l = g4l R > 128)
= 60| | S S 1241
% 56l 5 i 1200 =0.
% sl 2 % 20 P=0.3
&J 52 EJ fﬁj 11.2 WY 1=0.1
a8/ & 7 & o8l .
44 1 1 1 1 1 L L L L | 64 L L L L L L L L L | 104 L L | | | | | | | | Pw_lkW
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
B 1E] #fs B TE] #/s B8] o/s
a) Rp=5001r/min b) Rp=700r/min ¢) Rp=9001r/min

» Power control can be realized by using the droop characteristic method.

Hebei province heavy machinery fluid power transmission and control i



B ot B8, %, KE

YANSHAN UNIVERSITY

S Hydraulic main drive system

5.2 power control—Active Power Control Online Optimization of Power Controller

P Kn@uo / C Py K,0,0/C

The power of the motor =——mm The system pressure of angular m ’"Iﬁ ’
: 0 .
angular transfer function: 7+ cp’ ) transfer function of the motor: oo+ C )
tr-e tl-e
30p fm\ \m
L y
s0- ) / 2h) (R Wit )
Br tetkfiit [ZHa }iq WEER |
25 / il , )

= 20l ¢ 1500 /min | M o

§ 20_ - / L A\j)\

# 15 Z s il R | R | TR o] AL} o] ]

i 107 # e, k

Wi T [l fi & A

5 o ik
8 05 1 0 ’ 10 20 30 Tkt FE AR
\ \ ReEHphMPa 0 | |
GEEE v100% 0.2 :505';% (3.6 0 0.8 1.0 WﬂﬂHﬁlﬂﬂﬁ} e
5 7,/100%

Power three-dimensional workspace Power up interval Control block diagram of online optimal power control

» According to the system’s initial pressure and motor’s initial swing angle,

the gain value of power control link is determined.
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S5 Hydraulic main drive system

5.2 power control—experimental verification
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» Under the condition of low wind speed, the optimal control theory is used to realize the
power tracking and power smoothing.
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S5 Hydraulic main drive system

5.3 Research on the characteristics and the steady speed control of the main
transmission system with long pipeline

BER
Rihl o
\— wrze || [l
gt N— B

REER —/

With the increase of hydraulic
pipeline, the stiffness of the
system is reduced . So that the
unit is more likely to produce
resonance under the random
wind frequency excitation.

A co/(rad/s)

20
10 e 2007 1004 . w5
— =10mm =>m
g 0 = 150 /
E\ -10F d=22mm f om
~ N 387, 116.2. 93.7,
@ 201 1 100f 255 (995 101_9/ om II)(3)07
i ad=30mm 612 :
=301 1945 12m
sopent I Pl I Y
40t i | ! i i , | i
[ ! 1"\ ,'\ ! i "|) ! III i I e
N N N N N N Al ! N /\[\ l\ J i /\ /\i\
042 10" 10 10 10 10 10t %6 50 100 [ 250 300
P Z w/(rad/s) B
@ Effect of pipe diameter @ Effect of oil density on sysytem pressue
20 76=0.84 450 .
10 - 400 / \4
m 0 350 350
2 -10+ Y0=0.63 12300 300
S _ <250 250
@ =20+ Y0042 200 200
= 30t 150 150
40 + 100 100]
50 50
-5010'2 107! 1¢° 10" 162 10 16° 0050 10 150 20 250 30 % R %0 @

Mz

®ELffect of motor swing angle @ Effect of pipe diameter on sysytem pressue

» The influence of system parameters, including pipe length, diameter and steady
speed control strategy are studied.
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S5 Hydraulic main drive system
5.4 Maximum Power Point Tracking (MPPT)Control —Control target

1000 —&— v=4m/s
BRETHRLE —&—v=5m/s
900 —&— v=6m/s

—&— v=Tm/s Po EE; m

—a— v=8m/s
—x— v=9m/s
—»— v=10m/s
—x— v=11m/s
—x— v=12m/s
—e— v=13m/s

800 |
700 |-
600 |-
500 |-
400 [
300 |-
200 |-
100
0 ko

P/KW

)Xkﬁl'% Hﬁﬂ?ﬁ%’% WU it

h %4 1 " |
40 50 60 70

n/ (r/min)

Energy transfer of HWT
Wind turbine power output characteristic curve

» Essence: Control wind turbine’s rotate speed.
» Purpose: Get more energy from wind.

» The wind turbine can automatically and quickly adjust itself to the maximum
power point and operate stably.

Hebei province heavy machinery fluid power transmission and control i
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S5 Hydraulic main drive system
5.4 MPPT Control —Control method

€ MPPT Control Method for Hydraulic Wind Turbine

HWT is different from traditional wind turbine, so MPPT control method is proposed,

which divides into the following four steps:
(1)Operation condition judgement(2)Quick adjustment(3) Slow adjustment(4) MPPT

result judgement

PAWA |
Aw=>0 Aw<0

RANGET TR 19, RANEBHTT&R

pawh

=3 vl =3y Vil
dw do <0
A 0 A
dt < v dt

0 % aﬁrpm
@ 0
Operation condition judgement

Quick adjustm

®/rpm

ent

IR IBATR

- _f L FIEAT Y
- o XX == R

I |
Il A i 47 -

0 w* a)/ﬁ)m

Wind turbine slow adjustment MPPT operating area

» A new MPPT control method for HWT is proposed.
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S5 Hydraulic main drive system
5.4 MPPT Control —Control method

a) Based on wind power b) Based on wind power and speed
FHEDL ET ‘ [ ettt | % L
m "K, _ ﬁl h;:] l JL#{M& ‘ ‘
| b IMJ 5 oypn [P L 3
. l }lu;]lﬂ;‘ll H s | ;lfr BT } ik e
ol Tan
A EUN *
JEHE
ZJ% X, mt @ JE), Hedk @tmm
,I)—):,; e
R — i; [ TN Tl 3%
16 LTI PN S 2 N Y R IE S
P 15 B0 L T 2 % 10 — ek PR R DR
Z 1f T ERRERE g 8
;,; 10f T 5 6f
] 8F  _ememmemmmmmmoomm o et ﬂ N
ﬁ L T e 2F
1 . 1 . ] OO . 2IO . 4IO . 6I0 . SIO . l(I)O . léO
o 80 100 it Al 2/s
I 18] #/s . . . . .
Experiment and simulation results in step wind speed Experiment and simulation results in step wind speed
> Conclusion: When the tracking process is | > Conclusion: The speed control loop is
completed, the final stable point deviates adopted, which overcomes the defect of
from MPPT. MPPT control.
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S5 Hydraulic main drive system
5.4 MPPT Control —Control method

d) Based on system pressure and wind

¢) Based on system pressure . .
) y p turbine rotation speed
ISk e
R LT etk e ety s
e k] s
X I_IE'T'-_/< 51{»&
e 4k )1 I,i*ﬂm}% L e i o e
__ [ 20 = cIHL L]
JEH [t C - = o 22
> 1SE = - = RPN TR E 113 AIrpLm A
% ofF e 5 2L HBL % % 14 D7 FOK HL D%
E 10k —— FHRMIE % 10F — SRR
3 . R 8¢ T o
ﬁ 461:_“.—_—__—’ ———————— :,_..,/f""‘""'"‘"""" -1H_1\3 461:_ jomm—s o= I /.«-———*-w
0 20 40 60 80 100 120 OO 0 40 60 80 100 120
. . I s, : et T #/s
Experiment and simulation results in step wind speed Experiment and simulation results in step wind speed
» Conclusion: The system pressure is | » Conclusion: The system is completely
accurately controlled, but the system also coincident with the MPPT when the
deviates from MPPT. tracking process 1s completed.
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S5 Hydraulic main drive system
5.4 MPPT Control —Control method

In order to compare the results of four MPPT control methods ,the experimental
data 1s as followed.

® MPPT control method
based on wind power

B MPPT control method

based on system pressure
- ySIEmp

2.1 %
' MPPT control method

based on wind power and

wind turbine speed
® MPPT control method

based on system pressure
and wind turbine speed

Comparison chart of four MPPT control methods

»The combination control of system pressure and wind turbine speed shows
the best control performance.
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S5 Hydraulic main drive system
5.4 MPPT Control —Control method

e) Based on wind turbine using feedback linearization method

1
y | B=gprRYCo(.5)
—
p )
=== T, D 1 ¢ a)P

B
[9] a‘),:——"(u,—fppl,Jr*Tv(w,,v)
{’ 7, T g

Pk il

D= M{uﬂ —%ph _K.fon, ¥ @p . .
V L e Simulation modal
s e IR Tt R 5%
y v p—
480 ’ Ls— : 2
470 |- - 10 |
—~ L __ X B
= 460 |- s 20 i = s
S50 | 215 L §
S - = R 6
5 40 | 3 - % i
& 430 = 10+ w 4
& 0 L = - H
b s f \ 2 2
1 410 I i
400 o L— 1 0 b——
0 10 20 30 40 0 10 20 30 40 0 10 N
Hﬂ'lEﬂ t/s ETJ—[‘ETJ ts Hﬂ‘[lﬂ /s
Quantitative pump System pressure System frequency
speed response curve curve curve

» The tracking accuracy of the system increases with the increase of the ratio of q
to r, but the output power is relatively large.
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S5 Hydraulic main drive system

5.4 MPPT Control —Control method
e) Based on output power using feedback linearization method

P = %pﬂszlCP (4.8)

] T,:i T . d)p
N |~ RN
A | P P P
w, L A y phz%ﬁwp—%h—K“ﬁ@””y P,
prp3 V':kle+kzjedt > u:f(wp,d)p,p,,,v) —, M R
va F = Simulation model
6.5 6.5 - 530 —
~ 520 -
6.0 ‘s
. 6.0 - > i 250 |
& <55 | <
K - SR L s
ﬂj\ 50 | 250 b E 490 | S pRd
% 3; - ® 480 |- Ak
R 45 |- ¥ 45 %470 o
4.0-llllllllllllll 4'0-|||||||||||| 460 [ T T TR TR TR |
460 470 480 490 500 510 520 530 0 100 200 300 400 500 600 0 100 200 300 400 500 600
SERTFLIE o /(r/min) sFIE] #/s A 18] #/s
Quantitative pump speed response curve  System pressure curve System frequency curve

» The tracking time is longer, but the output power is relatively stable and it is
easy to be accepted by the power grid.
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6 Low voltage ride through

6.1 Research background

Wind turbines should be able to
3 maintain the low voltage ride
1.1 b Voltage sag causedby | . through capability of 0.625 seconds
= 10— L power network fault | when the voltage drop to 20% rated
S A volt?ge.
08 b——-———— Requirem- |-/ v The wind farm and the network
v o7 | | entsfor | /| : 7777777777777777777777777777777 voltage can be recovered to 90% of
oo . wind .
S 06l | turbine L./ - the rated voltage in 2 seconds after
- I | operation | /' 'L The wind turbine | the fall, the wind power unit should
B 0-3 | can be cut off from have the ability to run in
G 04— == the powergrid. |~ uninterrupted power grid.
O3 [/ : ”””””””””””””””” During the power grid fault period
S s without cutting out of the wind
0.1 | : —————————————————————————————— turbine, the active power in the
0 —1 | | | | | | fault should be removed after the
-1 O 0.625 1 2 3 4 power of at least 10% of the rated
K Time(s) j power / second change to the state
before the fault.

LVRT specifications for wind turbines in China

> The LVRT are different from countries to countries and here Chinese LVRT is
taken as the standard.
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6 Low voltage ride through

6.1 Research background

//f

XU N R AL

S—_— DFIG is mostly used Crowbar

Sr

R @ AR

1 7] protection circuit to decrease the

rotor current converter, which

g )

cannot be adopted in HWT.

ELAFI5 AL I B3N

Eh S Ex

i blithis

Power loss: \

“* (1) Fixed displacement pump: = PuDy@, (1=1,,)

. (2) Proportional throttle valve: R, =0, (p, —p,,)

3)Various motor:
) P, :pthmVG)m(l_Uy

» Self-preservation—Adjust hydraulic transmission power quickly.
»Not to take off power grid—Ensure steady speed output.
» Support—Steadily provide reactive power.
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6 Low voltage ride through

6.2 Coupling analysis of hydraulic system

The hydraulic main driving system mathematical model

(1)Fixed-displacement pump
Qp =D, _Ctpphl

(2)proportional throttle valve
X, =KU,

2 2
0, = CdWXV\/;(phl — Pp)=C X, %

(3)Various motor
Qm - Kmya)m + Ctrnph2

. 1
a)m :J_(Kmyph277mm _Bma)m _]—;)

m

(4) Hydraulic pipeline

. B.
Pn = (Dpa)p —CyPui _KqXV)

01

. B.
Pn = v (KqXV -K, y0,—C.Pn)
02

34
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6 Low voltage ride through
6.2 Coupling analysis of hydraulic system

1 < Vi
P, =—prR*V'C (A, <
T, W=V e up

A
~
Il
s
0
N
N
Il
=
L
A
L ¢ -
ﬁ“
4
<

A

RITHLER 53
" A5 R ML AR 7
P »
L I‘ )
i u
be/dgq F—> >
‘ac/q P=mUI cosp »U
L Q=mUIsing € >0
sin(er) « 0 |U=E-(R+X)I 1 >p
sin(wt —27/3) [*

sin(wr +27/3)

[
B
T Y 1
= Sl s

&

1+T;s
HGR ek

» Considering generator’s load characteristic and the input of wind turbine’s energy
capture, the coupling mathematical model 1s proposed.

BT 3
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6 Low voltage ride through
6.2 Hydraulic system output decoupling algorithm

The transfer function matrix of the diagonal elements of the said output is affected by
other input, so there are certain coupling control system.

R, § §
MR- G)
A+ :

'T i

» The feed-forward compensation decoupling control method is used to
remove the coupling between the control circuits.

Hebei province heavy machinery fluid power transmission and control i



B w2

YANSHAN UNIVERSITY

6 Low voltage ride through
6.3 LVRT control — Torque control

opooa 4y
x, [=K|0 1 0W-4, A4 -4 Al-ﬂz
: 00 1){-4 -4 ’
) %, A 42122@
W)y (10 0)x
¥, =10 1 0 x,
Vs 0 0 1)\x

The electromagnetic
torque state observer

Collect u(k) and
i(k) at the moment

l Data prediction
and processmg‘ G

1 |

K ll(k‘H)
i(k+1)

>
Tht) K2 Time(s)

Hydraulic
torque follower

The hydraulic torque following diagram based
on time delay compensation in the actual system

» A prediction state observer and a dynamic compensation method are designed.
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6 Low voltage ride through
6.4 LVRT control - Energy hierarchical control method

-

Fixed-displacement
pump

proportional
throttle valve

Various motor

-

|:ph1
9,

|:ph2
0y,

}:

| - PO
}: 202X {p“}
0 1 O

- C.(Js+B) (Js+B)]

The energy transmission model
Js + B,

1

Dp DP Tw
C, D +C,(Js+B) |l @
D D

p p

K.y K.,y || pe| |L
C 1o o 7 @]’
Ky /

(7. =]

[Pr.l O ] T%

[P:-.J Qa]T

[F’u Qm]T

» The energy eigenstate from input and output side is analyzed respectively, which can
obtain the energy transfer model of HWT.
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6 Low voltage ride through
6.4 LVRT control - Energy hierarchical control method

-z

S e/ ]

RE IR

B 18] #/s

~ — RO

E—lo - — FEL L e HH Th =R

& oof R A A

%07* I - ‘.."‘-...' ‘-....‘_.-.‘;.,/

%0.6* [-. R

L l- " - s S S i

‘h\ﬂ—OSk . Lo e e T T, './, :

R 04 L. e e e s o s - - e |

S LT MORAERE |

= . . . N = !

= oo Ll AR |
01— i

7 | | | | | | | | L |

0 0.6251 2 3 4 5 6 7 8 9 10 11 12 13

Low voltage through the energy flow diagram

(1) Through the adjustable
blade abandon the wind, the wind
turbine 1nertial energy storage,
proportional throttle coordination
control to control unit to transmit
power.

(2) Eventually in the process of
the low voltage across, residual
energy storage, dissipation and
release.

» The control method for saving, storing and dissipating the redundant energy is
achieved in the process of LVRT.
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6 Low voltage ride through

6.5 Experiment

Power system Hydraulic sysytem
85 0.85 — 720 — EM% 1.8 -
i 6L — {EM
g L 070 O S 4
2 S 055 4 i
Y « - Y
=175 § bt
i = 040 EI.Z kAR, i
= . ﬁ 0.25 b= Lof :
& i €0 |
- 0.10 - 0.8
65 1 l 1 l 1 l 1 l 1 l 1 l B | | | | | | 680 1 | 1 | 1 | 1 | 1 I 1 I [ | | I I I I
_ 1 1 1 1 1 1 L 0.6 1 1 1 1 1 1
06 10 14 18 22 26 30 003 5 0 17 18 22 26 3.0 06 10 14 18 22 26 30 06 10 14 18 22 26 30
iFE] ¢/s ) 1) ¢/ IFE) t/s ) 1/s
1.6 4
14 b — AL c)
5 = SE6 h £ £
£12 £ <
~ N o 4 QE
K= L ]ﬁ X
=10 ’ : :
& " E
0.8 E X
RIE # A
0.6
Mool L v 1 v 111 ool L v 1111
04 1 T I I T T i 06 10 14 18 22 26 30 06 10 14 18 22 26 30
0.6 1.0 14 18 22 26 3.0 0.6 10 14 18 22 26 3.0 B 1l B s
i1 ¢/s I iE) 4/

» According to the experimental results, it can be seen that the proposed
control method shows good control performance.
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7 Test platform
7.1 30kVA HWT test platform

BE. H¥. K&

(
R AIHUAER, 5 Gt
r-—————————-— — R r— — — ——— 7
| P B - . RS
' ACS550 Eﬁﬁ?ﬂ:%L n iggﬁjiﬁﬁ:[[”]:p oy E{Elilk/ ) :
U [wRoRE X o T |
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A B AL Tt [ |
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L — 3 31+ —
S R s e A T ¢££q 1
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7 Test platform

7.2 The whole physical picture test platform

‘, )

|

/‘ L e

LML 4 o \

N, IR il g A ik J o RAYRT A i
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7 Test platform

7.3 Hydraulic main drive system

A fixed displacement pump - various motor is used in the transmission system.
Composition principle and hydraulic transmission system 1s shown below.

EE A7) 5 7 1

a) The principle of the hydraulic drive system b) ) Hydraulic drive system physical figure
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8 Accurate Vane Direction Control

8.1 Introduction

An active yaw system with valve-controlled hydraulic motor 1s designed.

Correspondingly, the accurate control method of vane direction based on
pressure difference feedback is presented. The zero pressure difference means
the vane direction is aligned at the wind direction.

Then the simulation model is built to show that the control method presented
in this paper 1s efficient.

Finally, an experimental platform 1s built to verify the feasibility of the
control method presented

» In this chapter, we introduce the accurate method of vane
direction.
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8 Accurate Vane Direction Control

8.2 Load calculation of the active yaw system

Parameter Value Unit
Wind wheel Rated generation power | 850 kW
tower
Lxu Rated wind speed 13 m/s
Best aerodynamic
l Vane Y 0.4496
A coefficient
0 Wind Swept area of vanes and P
) . 1559.9 m
b direction wind wheel hub
H
- . o] Vertical distance
orce diagram of wind whee between the center of | 3.177 m
Tower and wind wheel

Parameters of 850kW wind turbine

» The torque applied at the wind wheel is calculated and the parameters are confirmed.
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8 Accurate Vane Direction Control

8.3 Principle of active yaw 1. motor 2. pump 3. relief valve 4. tank

hydraulic system
y Y 5. check valve 6. pressure relay 7.

energy accumulator 8. valve bank for

energy accumulator 9. proportional

direction valve 10. check valve 11. relief
AL valve 12. hydraulic motor 13. yaw gears

14. pressure sensor 15. coder 16. cabin

internal-geared ring 17. counter 18.

1 71::]] ancmoscopce
() E > - 4
| /|

Principle of active yaw hydraulic system

» According to the load calculation result and the requirement of active yaw, the
principle of active yaw hydraulic system is designed.
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8 Accurate Vane Direction Control

8.4 The simulation model of
active yaw hydraulic system

BE. H¥. K&

Parameter

Value

Transmission ratio (actual value)

16.7

Inertia torque of cabin and axis of
wind wheel tower (calculated
from the 3D model)

8.96 X 10° kgm?

The mass of vane and wheel hub

1.14X10%kg
(calculated from the 3D model)
Total mass of wind wheel and
—— , _______________________ cabin (calculated from the 3D 45X 10%kg
| P =2
; Ed " model)
: T : L§I Motor speed 990 r/min
: | WD O Pump displacement 4 ml/r
| ler s Rate volume of energy 0L
| ar I accumulator
i = : Opening pressure of check valve 0.15 MPa
R I = S i ressn of e
& Rate flow of proportional i
o . 8 L/min
L O direction valve
Displacement of hydraulic motor 940 ml/r
==
A ' System pressure 25 MPa
(]

AMESim® simulation model of the whole system

and control system.

Parameters of pipes

Estimated according to the

actual situation

oil

Software default

Parameters of AMESim® Simulation model
» The overall simulation model is composed of hydraulic system model, load model
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8 Accurate Vane Direction Control

8.4 The simulation analysis of

active yaw hydraulic system
16

14
12' 15 degree
10_ / 10 degree

5 degree

The angle between wind wheel
direction and wind direction/degree

N O OON A O

| | L 1 L | 1 1 L ]

1 1 "
8 10 12 14 16 18 20
Time/s

-

o
N
oS
(o))

Vane direction curve under compensation control of friction torque

> The simulation results verifies the active control method of vane direction.
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9 Test Platform of Vane Direction

9.1 Hardware composition of simulation experimental platform

|
Angle Taw NoLoF : Loading Motor
Sensor M \
- TH HI—=r

|
|
[
|
|
r |
l
| | |
I | Jz Thertia Torque |
Sensor 1
| | ! Load 5
: : _l- _____ | Valve I
| I Control l
AN Signal } = ANA
I l AN T IL Y 1 P =3 py g ‘ l
| | 1
I | | | |
o | 1 |
o U ; . L
I | |
I Ps | — l
| l Pressure | Tor
g i JL orque . |
| I Signal i Singnal |
I ————————
- —l ———————————— A'D (::> Controller ﬁ A'D L -
| { Angle
| | Signal

» The above figure shows the overall schematic of the simulation experimental
platform
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9 Test Platform of Vane Direction

9.2 Hydraulic system of experimental platform

Yaw
Control
Motor &=

Angle
Sensor

» The yaw simulation hydraulic system is composed of a variable pump, a constant
delivery pump, hydraulic control valves, a control system, detection components, valve
blocks and pipes.
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9 Test Platform of Vane Direction

9.3 Experimental analysis

The system pressure is set to 1I0MPa. When the input angle signal is 10 degrees
and 15 degrees, the yaw angle curves of the simulation yaw system are shown in
the following figure.

12rF I8r
10
0 e
! S
L6 L
S | o
= 4 2
2 of
= T h iy

0

B P R

> 1020 05 10 152
Time Time #/S

» The steady-state angle error meets the accuracy requirement. The
accurate control of vane direction is achieved.

o
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THANK YOU !
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