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HAWC?2 Course

Lesson 3: Control interface
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Control through external DLL's
Rot.speed Ref. mechanical power, __
Pitch angle Regulator |Ref.pitchangle 1
Wind speed Ref. pitch angle 2
Ref.pitchangle 3,
From the . To the
HAWC?2 core Other sensor | HAWC2 core

L Ref. mech. power Mech. torque

Rot. speed | Generator

Mech. loss

-]

Ref. pitch angle 1 Pitch Pitch angle 1
Ref.pitchangle 2 .|| '1CN S€MVOpitchangle2
Ref. pitch angle 3 Pitch angle 3 -

2 Risg DTU, Technical University of Denmark Control



=
=
=

HAWC2_DLL interface

M

Call once
without initialization
Input file name

Call every iteration
passing array of selected
HAWC2 outputs

Return actions
once per iteration

Action list
e External nodal force or moment
e Internal nodal force or moment (action and

reaction)
e Bearing angle
3 Risg DTU, Technical University of Denmark
3 e Flap angle
DTU
TYPE2_DLL interface =
Call once

without initialization
arguments from input file

Call once per time step
passing array of selected
HAWC2 outputs

Return actions
once per time step

Action list
e External nodal force or moment

¢ Internal nodal force or moment (action and
reaction)

e Bearing angle
e Flap angle

44 Risg DTU, Technical University of Denmark




Pitch control with variable speed

Objectives: Optimize power production below rated wsp, limit power

and loads at high wsp.

Region

1. Variable speed, opt.
power tracking.

2. Constant speed.
3. Power limitation
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Pitch control at high wind speeds

A

Maero =

+
F\)
+
‘

-\ Mgen

Qshaft

+1 .

(O Cref

Two different generator stragies:
-Constant power: Good power quality — decent drive train loads
-Constant torque: Good drive train loads - decent power

quality
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The derivation of good controller constants =

The 1 DOF model
I¢:Maero_Mgen m

The generator torque

Mgen -M, :& Maero‘A}r— Mgen
QO
" R " Qshaft
The aerodynamic model U

P, 1 0P

1
M,,,==PNV,0)~-2+ =" (9-g, :
an =5 PV 0) o, 0009( o) . o

The controller
0=06,+6,

+ -
O Cref

0 =[K,(@Q-Q)dt=Kgp Q=0

ref —

0, =K, (Q-Q) =K@
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Tuning of control parameters

M

Insertion of the aerodynamic terms

IG=M

P N
aerongen = + (KI€0+KP¢)7 QD
0

Rewritten into standard form
1p+ D@+ Kp=0

~
+n?l p--+Pg K=—L@K,
20

=1
rotor gen p
Q, 060

Natural frequency and damping

— K = D
Do =7 2la,

@y = wA1-¢?

The constants are now given as function of desired
control frequency and damping
:QOIWg K _ 2K,

_ P p
00 @

K,

Rule of thumb: @,=01Hz ¢=07
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Response of system

Step change in external torque

Rotor speed

0 5 10 15 i
4 T T T
Pitch angle i N
| |
"o 5 w 15 20
time [s]
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Gain scheduling

To ensure a similar response at different wind speeds.

Wind turbine: SWT 2.3MW

0.
-50 I 1
= -100
S 150 ‘ G (9) = 12
§ 200 | 1+——
E 250 ! KK
% -300
§ -0 KK is the pitch angle
G 400 | ‘ where dP/d6 is 2* dP/d6,
-450
-500
0 5 10 15 20 25 30

Pitch angle theta [deg]
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Why is the control frequency so important?

Thrust and dT/dU

200
180 | i
160 L ¥ -0.2m/s

, » dT/du
140 ¢ %
120 | . e
100 | . s
80 | .
60 +
40 *
20 +

mean -

T [kN]

5 10 15 20 25
V_y [m/s]
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Control diagram "Risg” controller

Lowpass
Mref

ME

ME

vl
o P opt
Y

MR S e T 1
[P =P w095 g ]
—

N
.

ref <P ma

Gain sch. Gain sch

- £ o
' ax?+ Pl ‘ =
RK \
Lowpass Table 2 ‘I’
W) Bust (]
wsp Py opt
N =~
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Additional parameters from control file

Eile Edit Format Wew Help

DTU

M

=181

4/ omega_ref [rad/s]
A/ omega_min [rad/s]
A4 kga_set [deg]
AForel_Timit [-]

/7 Pmax  {mech)

Lkw]
A4 const power (1) or constant torgue (0)

A/ Low speed K factar [knm/(rad/s)A2], torquesk¥omegarz,

A2 Toksi [Hz], [-] 2'orderfilter variables
[s]

ya tau gen
/4 ndata optipitch
SFwsp [m/s] pitch [deg)

A7 tau_wsp [s]
/4 To [Hz
S pitch stop angle [deg]

K=0. S¥rho¥a*Cp*RA3,TambdaA3v0. 8

Ln 15, Col 35

Optimal power tracking at low wind speeds:

T=

1 pAC R?

—%pACpU3=—p @° A=

P

w
13

/13

l—Y—J

nstant K
Constant In practise K is reduced with app
1 3 20% due to mech. losses and to
EpACpR 2 .
2T o ensure safe operation away from
A stall.
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Control

Operation at intermediate wind speeds

14

Mgen

Maero
Qghaft

M, =M

aero a0

M,, =K, Q-0 )+[K, Q-0

ge
2K

_ 2 - ot

K, =1o;, Lpg__
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Non-linear gain

Non-linear gain function of speed input squared
3 T

P RN A —

25 / 4

Gain
-
3]

T
|

05 - b

0 1 |
0 0.5 1 15 2
Rotation speed non-dim with nominal speed

Gain function used with special low frequent towers (floating turbines etc.)

Parameter is non-dim rotor speed where gain equals 2.0
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Calculated results from small WT4 BEM code

-l
Eile Edit Format View Help
wvind, akseleffekt, pitch og dp/dTeta (med fastholdt w_induc) _I
u P Teta dr/dTeta  ( m/s, kw, grader, ke/grad)

5.0 181.7 1.50 -247.8

6.0 580.0 1.40 -301.4

7.0 1124.9 1.10 -351.7

8.0 1Ele.a6 0.50 -3594.2

9.0 2681.1 0.00 -444.2

10,0 3724.2 -0.40  -450.2

11.0 4900.4 -0.30 -46L.0

12.0 5§376.1 3.70 -758.1

13.0 §381.4 6.45 -001.7

14.0 5377.7 8.55 -1019.1

15.0 5378.90 10,35 -1130.4

16.0 §379.4 11.97 -1236.1

17.0 3380.4 13.47 -1338.6

18.0 5383.0 14.88 -1446.5

19.0 §381.4 16.22 -1554.1

20,0 3382.4 17.49 -1657.8

21.0 5379.8 18.72 -176l.4

22.0 §380.3 15,80 -1869.9

23.0 5381.0 21.05 -1985.3

24.0 5379.6 22.15 -2102.9

25.0 §378.8 23.23 -2217.4
Cp_max = 0.4869 wved U =10.0000 m/s, dvs wed tiphast.forh. =7.9884
dpdreta(lo grd) = -1108.8 dpdreta(20 grd) = -1879.8
Ref.dPdtetado grd) = -337.8 (kw/grd) og KK = 4.38 (grd)
o of
[ [ tn1, colt 4

These results can also be obtained using the small matlab script
RunWT4_v3.m
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Response to step change in wind

Jstucturs_asrodal Chamsls: 15 3 4128 63

2300 7 mea: 12840t
I P S’ 5/73E+00
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£ — min:
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5 mm
8 P
= 1033 PR
5 J—
g 747 —
400
0.00 100.00 200.00 300.00 400 .00 500.00 600 00
Time [sec]
. e e 1ZER)
s
£ s max 1.28E+01
§- t0.z0 min: 4.85E+00
o aa7 [
o
2 753
bl \
H 520 | |
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| nee greE
= 2008 PR a2 HIE]
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& 2o -
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i 401
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7
Coupling of control to HAWC2
begin d11;
begin hawc_d11;
filename ./control/basic_3ba_ctlOn1.d11 ;
d11_subroutine regulation
arraysizes 25 15 ;
B deltat 0.02;
begin output;
general constant 1 ; inputfile extension 1
general time ; 2
constraint bearingl hub_rot 1 only 2; speed generator 3
constraint bearing2 pitchl 1 only 4
constraint bearing2 pitch2 1 only 5
constraint bearing2 pitch3 1 only 1; 6
wind free_wind 1 0.0 0.0 -123.0 ; coordsys (1l:glo, 2:ikkerot rotor), 7,8,9
general constant 2.02 ; Kp pitch 10
general constant 0.764 ; Ki pitch 11
general constant 0.00 ; Kkd pitch 12
general constant 2.43E7 ; Kp torque 13
general constant 1.097 ;Ki torque 14
general constant 0.0 ; Kd torque 15
general constant 750 ; generator stoptime 16
general constant 0.2 pitch stopdelay 17
general constant 8 ; pitch stop velmax 18
general constant 0 ; stop type (not used) 19
general constant -1 ; cut-in time 20
general constant 10 ; pitch stop delay 2 21
general constant 2 ; pitch stop velmax 2 22
general constant 10 ; pitch velmax runtime 23
end output;
18 Risg DTU, Technical University of Denmark Control
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Coupling of simple generator

begin hawc_d11;
filename ./control/basic_3ba_ct10n1.d11
d11_subroutine generator ;
arraysizes 15 15 ;
H deltat 0.02 ;
begin output;
general time ;
d11 inpvec 1 1; input til h2, d11 no 1, plads no 1

general constant 0.93; efficiency factor
constraint bearingl shaft_rot 1 only 2; speed generator
general constant 1.0 ;

end output;

begin actions;

mbdy moment_int shaft 1 -3 shaft tower 10 ; generator torque LSS
end actions;
end hawc_d11;

19 Risg DTU, Technical University of Denmark Control

Coupling of simple pitch servo

begin hawc_d11;
filename ./control/basic_3ba_ct10n1.d11
d11_subroutine pitchservo ;
arraysizes 15 15 ;
begin output;
general time ;
d11 inpvec 1 2;
d11 inpvec 1 3;
d11 inpvec 1 4;

constraint bearing2 pitchl 1 only 1; 3

constraint bearing2 pitch2 1 only 1; 4

constraint bearing2 pitch3 1 only 1; 5
end output;

begin actions;

constraint bearing2
constraint bearing2
constraint bearing2
end actions;
end hawc_d11;
end d11;

angle pitchl;
angle pitche;
angle pitch3;

20 Risg DTU, Technical University of Denmark
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Other dll possibilities

type2_dll

begin type2_d11;
name hss_convert ;
filename ./hss_convert.d11 ;
d11_subroutine_init ’Initialize’ ;
d11_subroutine_update ’sensors’ ;
arraysizes_init 31 ;
arraysizes_update 2 2
begin init ;
constant 1 2.0 ; number of used sensors
constant 2 112.43 ; gearbox ratio
constant 3 112.43 ; gearbox ratio
end init ;

begin output ;

constraint bearingl shaft_rot 2 only 2 ;
speed in rpm

constraint bearingl shaft_rot 3 only 2 ; rotor

rotor

—

M

tcp/ip communication with e.g. Matlab

begin hawc_d11;
ilename

init_string 1139 ;
arraysizes 60 60 ;

begin output;
end output;
begin actions;

end actions;
end hawc_d11 ;

or Matlab/Simulink

./tcpip/TCpserver.dll ;
d11_subroutine tcplink_delay ;

continue_in_file ./htc/tcplink_sensors.htc ;

speed in rad/s
. end output ; Matlab HAWC2
begin actions; W E—
; rotor_speed in rpm*gear_ratio JAVA TCPIP DLL
; rotor_speed in rad/s*gear_ratio e
end actions;
end type2_d11;
21 Risg DTU, Technical University of Denmark Control
Recent updates - basic_3ba_cti2nl.dil
Slightly easier input and
better performance at low
wind speeds. /
\
. /3/ j_ max
o e Pl . Perer
med
swich (8 Prin
- IF Sret =8min -
et min Pmin = Pmax IF Pe et =0.95P
ELSE Smax = 8 stop
Prmin = 0.0 ELSE
Smax= & min
Gain sch. Smax
Pl = Oref.
Bmin
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Additional parameters from control file

- basic_3ba_cti2nl.dil

i
Fle Edt Format Wiew Help

0. 89600 // omega_ref [rad/s] =
0.45000 /7 omega_min [rad/s]

9.0 £F lambda

89,0954 A4 radius [m]

5.01327 A4 kga_set [deg]

10.0 ALrel_Timit [-1

10000 A7 Pmax (elec) [kw]

1 44 const power (1) or constant torgue (00

ol £F not used

0.4 0.7 s o, ks [Hz],[-] 2'orderfilter wvariables

0. 01 SF tau_gen s

2 i/ ndata for pitch data, wsp [m/sec], pitch angle [deg]

0.0 0.0 A owsp opitch

50.0 0.0

5.0 S Tau_wsp

0. 01 s fo

50 S/ pitch stop angle [deg]

| | ;l_l

£

Optimal power tracking at low wind speeds is done by generator torque
control based on wind speed estimation and desired tip speed ratio:

,1fﬂr A is normally set to 8-9,

above the 1st tower frequency

23 Risg DTU, Technical University of Denmark

Exercise

e Run the file structure_aero_control.htc

600s

Remember to have the minimum speed so 3P stays

Control
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M
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M

¢ Include the more recent controller basic_3ba_ct12nl.dll and run a similar

load case.
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