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(1) [ Numerical investigation of aerodynamic characteristics of a new

wind turbine] (% # ** Computer Communication Control and

Automation > 2011)SCI - Present work conducts computer

simulations with the Computational Fluid Dynamics (CFD)

software package Fluent as a modeling tool to explore

aerodynamic characteristics of a newly designed wind turbine for
electricity generation. The governing equations consisting of
three-dimensional, time-dependent conservation of mass and

momentum are solved. The k-7 turbulence model is adopted for

the turbulent flow computation. The three-dimensional, tapered

and twisted wind turbine blades used in this study employ hybrid
non-symmetrical airfoils in the design. In the computation of
three-dimensional flow field, the rotating fluid with sliding mesh

technique is used. The important aerodynamic properties,

including pressure, torque, and aerodynamic power, are

documented for broad ranges of wind speed and pitch angle. All
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2.

FHY

the conclusions are drawn based on the results of

grid-independent solutions.

(2) [Derivation of simplified torque model for a Darrieus/Savonius

hybrid system in compliance with IEC 61400-2 fatigue
calculation) (% % ** 1095-4244, WIND ENERGY - 2011)SCI -
IEC 61400-2 is a worldwide adopted design requirement for the
small wind turbines. The methodologies and models, especially
the simplified load model, developed in IEC 61400-2 are
specifically for the horizontal axis wind turbines (HAWT). In
other words, the equations and models cannot directly apply to
the vertical axis wind turbines (VAWT). Therefore, it is the
purpose of this paper to derive a suitable simplified torque model
for VAWT fatigue calculation in compliance with the concept of
IEC 61400-2. A prototype Darrieus/Savonius hybrid system
(DS4.0a) designed and manufactured by the Hi-VAWT
Technology Corporation is used for demonstration of the load
model. In cooperation with the engineers in Hi-VAWT
Technology Corporation, the uniqueness of VAWT system is
identified and an upper bound torque model for fatigue
calculation is developed. The derivation of the model involves
basic theory, engineering judgment, research papers, and test data.
More importantly, the results are in terms of measurable data and
represent the upper bound which can be easily implemented
without any difficulty.

Ak WRFEA T B 2% 2 12011/2/24 3OO0 % F=OO4L

I',J‘
cAERE T 8D P AR e TR Y AR
2 A ¥

S S S NS LIS EI TR S R

B ~AXER - FR - FIHHES A1) TR TR

35



-

RS

(=

o

BRI ] 2 2 oL 321 17 2 2011/9/27 3+ F FROOALRR &
St ﬂ&%ma HomEHrT £HIEY N BT
ARt B RS INLE AT BN L AR BIREM ke A
#-¢ d ﬁ@l#“’“fé/?*? NP fFORGE AT F R
ST N R TAP P 6

FH AP EREFLAIFAT 2242 EIFT4 24U TH

PRAFTHERMEEL A AEFFT)HIBOHF A

4.2011/9/5 A3+ % Sded SIS PE AT 1 L A ST A YRS

)
1.

Ta ALY ] R AT 6 0 2011/9/6 Rt Sde R ATEE (7 2
T2011 @ ¥ o AlEE phb 4 SRR EHR, 0 A
TY R ARR 4 BEEECHFLE 6§ 200RE LS
ﬁ’ﬁé&iﬁéfﬂ¢ﬂ&4%é¥%§‘£%1%%%
S ST FRERT I B AT PR R
ATRARRPE OB I ETEAER AL 4084 S o
AR RT A e e

RPN 4B (ZRESCIHA 25 ~RApH A2 F) > Tias
HAERDO03 h A ERAHY S R(ZREERAY 4R 2
BN gk 1) THoEpHpLazxd 038% 5 2327
L12F  TraE plE A E xS 092 5 o HREE SCIE T 2 5

N 75‘?/,,\@%?—1: :

<

(D[ Active islanding detection method using D-axis disturbance signal
injection with intelligent control J(3 # ** IEEE TRANSACTIONS
ON POWER ELECTRONICS > 2011)SCI > A novel active islanding
detection method using d-axis disturbance signal injection with
intelligent control is proposed in this study. The proposed active
islanding detection method is based on injecting a disturbance
signal into the system through the d-axis current which leads to a

frequency deviation at the terminal of the RLC load when the grid
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is disconnected. The feasibility of the proposed method is
evaluated under the UL1741 anti-islanding test configuration. The
proposed d-axis disturbance signal injection method is intended to
achieve a reliable detection with quasi zero non-detection zone
(NDZ), minimum effects on power quality and easy
implementation without additional sensing devices or equipments.
Moreover, to further improve the performance of islanding
detection method, a wavelet fuzzy neural network (WFNN)
intelligent ~ controller is  proposed to  replace  the
proportional-integral (PI) controller used in traditional injection
method for islanding detection. Furthermore, the network structure
and the on-line learning algorithm of the WFNN are introduced in
detail. Finally, the feasibility and effectiveness of the proposed
d-axis disturbance signal injection method is verified with

experimental results.

(2) [ H5TM inverter with Constant-Frequency Asynchronous

Sigma-Delta Modulation] (3 # ** IEEE TRANSACTIONS ON
POWER ELECTRONICS > 2011)SCI - The objective of this paper
is to propose a constant-frequency asynchronous sigma-delta
modulation (CFASDM) control strategy for the transformerless
HS5TM inverter. By comparing to the conventional asynchronous
sigma-delta modulation (ASDM) with variable switching
frequency, the proposed CF-ASDM can simplify the filter design
and reduce the computational burden of the digital signal
processor while maintain the merit of quick dynamic response.
The major contribution of this paper includes that developing the
CFASDM control scheme thoroughly and applying it to the
HS5TM inverter successfully. In this paper, the mathematical
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expressions of the proposed CF-ASDM will be derived.
Computer simulations and hardware experiments are shown to
verify the performance of the H5TM inverter with proposed
CFASDM.
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‘Wind Conditions L
IECWind Input File. Valid far IECWind v 5.01.01 Keep IECWind Iptut Files — List of Conditions to generat
ECD @42 @4 =
— Output file parameter ECD+r-2.0
ECD+r+2.0
@ 8 ) ENGLISH Units ECD-r
- - EWVWSY ECD--2.0
; : : ECD-r+2.0
Time for start of IEC transient candition EVYSH EWSV+3.0
EWSV+5.0 A
= EWSV+7.0 3
@ NWP EWSV+0.0
N EWSWV+11.0
@ EQGI EWSV+13.0
IEC WIND TURBIME CLASS EWSV+15.0
EQGr @ -2 @+ @ +2 EWSV+17.0
EWSV+19.0
WIND TURBULEMNCE CATEGORY o EOG EVWSV+21.0 -
DB EWSV-+23.0
- Slape of the wind inflow — E EWSV+25.0
8 | ey (IEC specifies between -8 and +3), deg © EDC+ EWSV-3.0
- EWSWV-5.0
1 1 - IEC standard used for wind shear exponent © EDCH Ewg&;g
: (1->02; 2->00 3->014 ) SR
EDC+r @+0 @ +2 EWSV-13.0
EWSV-15.0
: [ [ (= @+0 @ +2 EWSW-17.0
— Turbine parameters EVWSV-19 0
R - : e @ EDC+o EWSWV-21.0
| 50.0 I m Wind turkine hub-height, m or ft ST
T . = EWSWV-25.0
I 45 | m Wind turbine rotor diameter, m or ft @ EDC-o0 EWSH+3.0
S . EWSH+5.0
| 3 | mfs Cut-in wind speed, m/s or ft's @ EWMS50 EVWSH+7.0
: i EVWSH+9.0
| 130 | mis Rated wind speed, m/s or fifs @ EWMO1 EWSH+11.0 i
L J WS- 12 0
[ 250 | mfs Cut-out wind speed, m/s or ftfs Select All NO Select ERUI‘I |ECWInd; Plot

| — List of Conditions to plot

;_ EVWSH-17.0 -

Gust § .i.aed vs. Time < - EWSH-21.0
10 T . .p T : T . 2 | LineWidth EWSH-23.0
- g EWSH-25.0

——EOGi wnd, Gust Speed vs. Time Red Blioa e .

81 |—— EOGr.wnd, Gust Speed vs. Time B - ngg.g
—— EOGownd, Gust Speed vs. Time NWP11.0
-] |[NWP13.0
B 1 NW/P15.0
NWPAT.0
NWP19.0
NWP21.0
& ] NWP23.0
NWP25.0
2t i 1
0 i
EDC-
EDC+r-2 0
EDC+r
2F 1 EDC+r+2.0
EDC--2 0

EDC-r
EDC-r+2.0

Gust Speed (m/s)

1 1
0 5 10 15 20 25 30 35 40 45 e
iy EDC-
Time (s) EWMOSU

EVWMO1 -

Bl L~fhhing 2 i G
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B TurbSim

. | ——

Wind Conditions

— Runtime Optian

TurbSim Input File. Valid for TurbSim v1.50, 25-Sep-2003

Page (1/2)

1234567

) WrBHHTP

~) WIFHHTP
Il | @ wrADHH
i WrADFF
i WBLFF
i WrADTWR
| WIFMTFF
| wiact
I Clockwise
||

o0 ef o2

RandSeed1

© RANLUX () RMSNLW | RandSeed?

ScalelEC

First random seed (2147483645 to 2147463647)

Second randorm seed (2147483648 to 2147483647) for intrinsic pRNG, or an alternative pRNG: "RanLux” or "RMSNLYW"
Output hub-height turbulence parameters in binary form? (Generates RootMarne.bin)

Output hub-height turbulence parameters in formatted form? (Generates RootName. dat)

Output hub-height time-series data in AeroDyn form? (Generates RootMame.hh)

Output full-field time-series data in TurbSim/4eroDyn form? (Generates Rootname. bts)

Output full-field time-series data in BLADED/AeroDyn form? (Generates RootMame.wnd)

Qutput tower time-series data? (Generates RootMame.tvwr)

Output full-field time-series data in formatted (readable) form? (Generates RootiName.u, RootName.w, RootMame.w)
Output coherent turbulence time steps in AeroDyn form? (Generates RootMame.cts)

Clockswize rotation looking downwind? (used only for full-field hinary files - not necessary for AeroDyn)

Scale IEC turbulence models to exact target standard deviation?
[0=no additional scaling; 1=use hub scale uniformly; 2=use individual scales]

13
13
0.05
600

600

50.0
30.0
30.0

— TurbineModel Specification:

MumGrid_Z
MNumGrid_Y
TirmeStep

AnalysisTime

UsahleTime

HubHt
GridHeight
GridWidth
WElowAng
HFlowAng

Wertical grid-point matrix dimension
Horizontal grid-point matrixz dimension
Time step [seconds]

Length of analysis time series [geconds] (program will add time if necessary:
AnalysisTime = MAX(AnalysisTime, UsahleTime+GridWWidth/MeanHHWS) )

Usable length of output time series [seconds]
(program will add GridWidth/MeanHHWS seconds)

Hub height [m] (should he > 0.5"GridHeight)

Grid height [m]

Grid width [m] (should be »= 2*(RatarRadius+ShafLength))
Wettical mean flov (uptilt) angle [degrees]

NEXT

Harizontal mean flow (skew) angle [degress]

PE-002

TurbSim_2

Wind Conditions

" IECVKM " = von Karman =

@1 23]
| | [@Ed Ed2
Il | [ 2__ 03]

@ A B C

Il | @ NTM
@ EWM1

o ETH
@ EWMS0

[@defait T |

“IEC " = PL on rotor disk +
500

3 BE 2

25
50 | D.77vref = 35
@ default 02

©) default 0.03

—Meteoralogical Boundary Condition:

TurbSim Input File. Valid for TurbSim v1.50, 25-Sep-2009

[7] Keep TurbSim Iptut Files

TurbMacel

IECstandard

Edition number

Turhine class

IECturbe

IEC_WindType

ETMc

WindProfileType

RefHt

URef for ETM

URef_out for NTH

PLExp

o

TurbSim_NTM3
TurbSim_NTM5
TurbSim_NTM7
TurbSim_NTM3
TurbSim_NTM11
TurbSim_NTM13
TurbSim_NTM15
TurbSim_NTM17
TurbSim_NTM19
TurbSim_NTM21
TurbSim_NTM23
TurbSim_NTM25
TurbSim_NTM27
TurbSim_NTM29
TurbSim_NTM31
TurbSim_NTM33
TurbSim_NTM35
TurbSim_EWM1
TurbSim_EWMS50
TurbSim_ETM3
TurbSim_ETM5
TurbSim_ETM7
TurbSim_ETM3
TurbSim_ETM11
TurbSim_ETM13
TurbSim_ETM15
TurbSim_ETM17
TurbSim_ETM19
TurbSim_ETM21

Turbulence model ("IECKAI'=kKaimal, "I[ECYKM'=van Karman, "GP_LLI", "NWTCUP", "SMOOTH",
"WE_UPWY" "WE_O7D", "WF_14D", or "NONE")

Mumber of [EC B1400-x standard (x=12, or 3}
|EC standard edition nurber (i.e. "1-Ed2") )
IEC WIND TURBINE CLASS

IEC turhulence characteristic ("A", "B", "C" or the turbulence intensity in percent)
("KHTEST" option with MWTCUP madel, not used for other models)

IEC turbulence type ("NTM"=normal, "xETM"=extreme turbulence, "xEWM1 "=extreme 1-year wind,
"xEWNMED"=extreme 50-year wind, where x=wind turbine class 1, 2, or 3)

IEC Extreme Turbulence Model "c* parameter [m/s]
Wind profile type (“JET* "LOG"=logarithmic,"PL*=power law,IEC"=PL on rotor disk,LOG elsewhere)
Height of the reference wind speed [m]

IMean (total) wind speed at the reference height [m/s] (or "default” for JET wind profile)

Power law exponent [-] (or "default”)

Surface roughness length [m] (or "default’)

m

BACK ‘ Run TurbSim ‘

Tu

rbSim Hub-Height File Comparison: . TTurbSim_files\TurbSim_NTM4_hh and _\TurbSim_filesTurbSim_NTM&.hh

Time (sec)

B2 " Fonh g4
68
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Primary Blade(s) Tower-Furling. Platform. Primary Airfoil(s)-Wind.

Summary Time Series. Periodic Matrices. Summary Element.

.J . . ¢J cJ

Simulation« Linearization.
(a) Fast & AeroDyn #ii » 4

)
| N System _ | AeroDyne
] Properties- " | Input Files
. B
Wind . ? ~
5 v
| PASTQJ
] Input Files.
Patrane
L 4
FAST. [ AeroDyns AeroDyne [ ADAMS. m=pl Nastrane
‘_I ADAMS /Flex.
v
Time-Series| Periodic State. Time-Series
Data Matrices« Data- Structural Analysis«
Simulation (exe or Simulink DLL)- Linearization (exe only)+ Simulation (ADAMS Solver)+

(b) #AE %
Bl 3(a)(b)~ = o b ik B o otk S 7 inds
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39% 1eo% leox 3% 1eex 96% 1eo% leex

3d 2 & ner-fluent01 Without graphics v m

58 ] T | O
*

F\Frank'20101227_dsd00\gnd_ds400_3120101222_ds400.jou 2

Fi\Frank'20101227_ds400\gnid_ds400_2120101222_ds400,jou - -

THFHRE - AERE - FWO: | 3 d_dei00.1 g ogpr@

D [

ST %ﬂi# .

Execute Insert l Cancel I[ Delete ]I De ‘_ﬁ

FiFrank\20101227_ds400\grid_ds400_4\20101222_ds400 jou m@#
LA TRARS - AERE - gﬂ
<
Restore Clean Clef| FHLEER | o0 o 20101222_ds400 joru [~]
o EXREAD JlowmlFlks [ ]J
B4~ TprEr g e 4 TR
1-Node 2-Nodes 3-Nodes
Average CPU Time Per Step
(sec)
Average Wall-clock Time Per Step
(sec)
Total Wall-clock Time
(day)
Torque
(T/Tpem)
Thrust
(F/Fgem)

DI U 2 R U
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1 RAIBREH
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[ Trailing Line

2 BAREAN
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BT

[

a0

| & (NACANIDG [ zfﬁE[“]
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WACAOOOE | & |piree

Ol e 242 [500. 0000

4 @ |NACADODS | |2 (1050.000]
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LY - T—=
BRHRE
[ ERLLE )
{ HWETE ]
#—EE1 = [zzoo.oow
E—EEX -150.0001
wEw
BEEHmz2 5550.0001
FETEEX -20.00001
womEY
HESED] 5.00001
LD (500001

[—QK—J[ Apply Jl Cancel

| B
\ || BBz
| BB 50, 00001

| = 3000. 000!

ﬁlﬁz |snn.nnnm

| &TERD3 (200. 00001

| s

| BRI LS RE [ 20. 00001
|| TS RE (2000001

0k~ [ Apply | [ Cancel |

BlO~E PSS HmEd e i

~

L R L ]
[ ST |
E—BEX] N (18000001
E—ERmX3 |250.Unc|m
Bz [1600. 000
FE_ERmX2 |J.EIEI.ODCIIJI
ETREXS [z50. 00001
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Offset] [m
Offset2 I@

I—QIG—” Apply ” Cancel ]

B 10~ 3 5 B 4o 55 5 Had i 2 0
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6.8
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6.2

Tip Speed Ratio
(b) %= i 150kW h #E ¥ C, &

5.8

5.6
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NO . ,* m mverter
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380 VI
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e 380 V \ : —n 380V [
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R AR INERZ 4 28
S e
69 kV 11.4%V 380V Zone 2 30KW 30kw| [Zone3
NO
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e >
v 380V
00 k j—%
DMSC S0V . ° B) B >
[pmsc] S P
65 KW 30 kW 30 kW
Energy
2%3.6 KVA] Storage
System
Zone 1 21*1.5 kW

Fanthid

H##

PE-002

¥

&ME | pmmwil | MAKE | Ev3a | SREH HasR | FARR | ETeR |

L3S

PIRFIZE AT <40, SEEESH A R (Defavuli=Hilse)

go

Pitch inorease s Bitch (Default= 5 degres)

L

Pitch Emergency Stop

FIETPHEE <D EE, AR D: FIEFF Y o error <20, gyl Paich d
@ 0 @ 0 a 10
P AR <60, A RRAL (D R, A B (D

a,—u él—ﬂ a 60

EHTETRE Default= 40mm)

o

Pitch (Default=-10 degree)

FEHTGE FIRE (Default= 60rpm)
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