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Study of Wind Turbine Yaw Control Algorithm Based on Maximum
Energy-Captured Evaluation From the Short-Term Wind Power
Forecasting

Student : Jiun-Jwu Tsai Advisor : Dr. Stone Cheng

Department of Mechanical Engineering
National Chiao Tung University

Abstract

Based on 2MW large-scale wind turbine platform, this research proposed feed-forward
back-propagation neural network (NN) algorithm to predict short-term wind direction and wind
speed for calculating the wind energy's variation. The estimation results of maximum power capture
as well as the analysis of nacelle veering energy consumption are integrated with the response time
of wind turbine yaw operation to derive wind energy gains and losses in order to make the
appropriate wind turbine yaw control by predicting short-term wind data and finding out the best
yaw angle to capture maximum wind energy which included the loss of consumption for turning
orientation. This yaw control algorithm is expected to reduce unnecessary turning of large wind
turbines which need longer time to change orientation. In additions, the prediction methods based
on various structures of the feed-forward neural network from the values of meteorological
variables are also described in this work. The result show that the proposed algorithm could have
a surplus of about 1.1kW Watt net power compare to the same type specification wind turbine that
yaw directly follow with wind direction under the condition of 5.924m/s wind velocity. Finally,
there is a simulated human machine interface for showing the conditions of controlled turbine

facing and the real wind direction and velocity.
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BB RERR RV o P AR ER s Ao R At s anEE R &R
MAasg m AV REMMLE S RFALTEER B BLI7T 2 2584 7 §
LLER TR 0 B S i S S & Sl ¥ ]
A SR~ B OB Ly e L s
AR o F R EWIeR i ED M3 Db & i R Wp+b=0 i¢ 3
7 e Bhnfiy ~ PV AR R 22 B R o Blde : WpHh > 0pF - g fla =15 Wptb <

O ra=00-m EffF B cfi € Eirih i @™ s 4 gpptanl 25 -
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AL U AS Sl

o &

BB B e B8 R e

Aw=(t—a)p’ =ep’ (3-1)
Ab=(t-a)@)=e (3-2)
W = WO L AW = W 1+ ep” (3-3)
b"™ —=p°® L Ab=b"" +¢e (3-4)

bk tRBARE ves FAE 0 LAF P G1)-RA)HFIE TG FAL 0 e
Bt o q e R E T e A TR A R T
SR O8RS e i~ RN Bt R L AR R B R
KD E2 L BT 3 So8— 30 5 - a RS H 7 B3 o £ 2 Ui

B chess % 4 o [10]
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3-3-2 i@ @yisgA 548 (Back Propagation Network)

5] B L% ¥ 2 Back Propagation (f #i BP) » Jh#g4! j5 ks ¥ R E & & -
BoFIBWERSEY wFiEr e 2 AAH S e B - A2 E KPR

(N G%Puﬁ%u€ﬁ*ﬂ%%é%%woﬁﬁﬁ§Wﬁ@ﬁ@@@ﬁ

ﬁ{i’”;55.2/57"LL.?:}%E;J&‘\%\g—’éﬁﬁﬁ%)\éﬁ%’ﬁ}%ﬁ%?,l‘z.%ﬁﬂ! Ben¥ % - B 19
P H B RN AR Y S Sl £ (L)W R RS B o

Loy g A Sl @ AT SRS e @R B2 A7 R IR

he FwEFFE s i o [10]

F_*

Bk d P HITIo A G F AR R R

£
>/
=3
5]
Y
™
é‘ig
i
£
S

W
AR \

R

5
T,

B 18 #pA &R
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http://www.dotblogs.com.tw/dragon229/archive/2013/01/23/88750.aspx
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Y SRE

Bl 19 B A 4 ] vE e e 2 R
3-3-3 j&w A #FA & e pk(Radial Basis Function Network)

B g e ERNERNEY ol @ EEE - Ry T EE RS R
fodoee 800 & A4 W] RO E @R A S AR R R Sl @ S A

RS A S S e gk Sl B e AT e e

e B oenta

Che
-5

LI mﬁgl;h, {HAX+ o
i AT g e g s~ B e £ L IWR iog: 2L 2 KR dist] 22 i
e B ~F A fed 7/ A Sdeey o n e gl me A 5 H(3-5) 0

,
73]

< ace

=
=

a=radbas(n) =™ (3-5)

B PEIWR ESLAR R - R T a A& ABIT2005 A8+ ) a ABiT201e g

R GRS P R AT G SRR S I S R

AR ED - fRehs i o B0 5 - A K A e AU U R R
P LW éﬂ'riﬁa?lﬂzé;i%zité o

2 A IS B ] AT AR 0 RIS R R (
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R SRR 2 RN E R Y S AR S ) o R I 2R T B
{

IwW
P ||dist]| 1
n B a2 =
C LW _%——J
bl
1—{ p?

W 20 o S 5%

B 20 # 2 a; ~ a® - |dist]| 42 F4e T

g 3 radbasQ|lW —p|+ b%) (3-6)
i — purelin(”LW —alu 4+ bZ) (3-7)
Jdist(w, )= [ >(W; ~p,) (3-9)
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S d w8 0RgH SRR RIS ER

AT S T L w A T AN o w AN e AT

PP - BrAR B A SRR T RS R A S T - e T gt

Rl

B2 A SRR AFAEE G R D @SN SRR ELE S e n B
B X B A

T AR AR SRR B A B LA S RIEPh o R h
F A SR g R E- B AE T RIS 2o RREL BIL0 i) R
S e F RS T g R o ] B RARA SR Y B R TR G

A o BT % % 4o [10]

W{T‘j (kK+1) = W{T‘j (K)—a aawlr:n
i (4-1)
b™ (k +1) = b" (k) — ai
2 (4-2)
29 g i F (k) =€ (k)-e(k) = [t(k)—a(k)] -[t(k)~a(k)]
2 » m_SnFl m L m-1 m - m_alé
1% gy Fo 2= whal " +b" ¥ TEF IR S| =~ R
=1 i
oF _oF o _ . ..
G\Nir?j on’" a\NiTj s (4-3)
OF _0F o' _ .,
o™ on™ ob™ (4-4)
Fpt (4-1) ~ (4-2)7 B =
W™ (k +1) = W™ (k) —as™ (@™ )" (4-5)
b"(k +1) =b" (k) — os" (4-6)
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oF
on/"
o | 2| _oF (o) oF
= anz _anm - on" onm+t (4-7)
oF
on |
an.m+1 . ] ) - ]
'— % Jacobian &' > FAEE L
on;
m+1 (Z\N'mlﬂal bierlJ m mge~m m+1
=Wm_+16aj — _m_+16f (nj) on :Wm+lF ( )
an;“ ony s e NG 1 on"
(4-8)
#(4-8) 5 » (4-T)F & -
u = .m m m+1\T aF <’ .m m m+1\T m+1
s"=F"(n")-(W"™) 'an””l_F (n™)-(W™)" -s (4-9)
d (49 argack 40 hfd- BT - A R HBEFER
M Bots - B 2 GBI E AT
OF  o(t=a) (t-a) oa .
sV = = =-2(t —a)—==-2(t —a)- f"(n
ot (,— ) ge= =2 =a)" 1)
(4-10)

— 5™ = _2FM (" Yt=a)
AR BB SRR R L R B ooleq B AR TR
AP EA IR - KT LFRRDT & m@]»a 2 3 @]»a v%@?lﬂzm»
BeozbaU i o X T REANN G LI i o R REREA SR o
AR E R R BT P AR E T LG B i ehdi i o [10]
T ke & d B H e R TR R 8 U2 3 48 2 eh Levengerg-Marquardt i
B - HRBEA AR AFT R PR AR 2 LN S EIR
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)}_J

=

AL H R A ROLE B § P IR A TR o

IS

BohrTs R

One Step Secant; & /=

/////

BB TR R E B R G AT LA S A e o
EEF LR KA B E YT EREREY A R L ]
g Y SR F s BNl B e RS B Y i S F 43 0.25~0.75 -

4-2 B & § e+ X FH R T %% E 2 (Momentum back propagation)

N

oF
OW k1

AW ™ = AW "1 — a1~ y) (4-12)
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(4-13)

A
Eradisdis F L Sk [32
POFE R R BRI R DAL g E e T - L Bk
REN- TP B BRSBTS - B2 PRF AR ET

MREREFAE b BINRR R AR R 0 ORI R B IR E -

v $F Y F F FdykiR S 2 (Variable Learning Rate back
propagation)

VREY @ XA ptE Y R 5 Ay kAR gt w2 B
HHEREZEVESFT A B ERT AR R | P Y TR € ek g
€T B B KB TP Ay AR T

FAD R e R L o A A KDY o @ F P W Y i
FRPEATERE BRI L o BT 0 N AT N oA o AT A AL
g4 1.04 R de(4-14) AT E o i R ERE 2R o @ - Y R R
SRAMOT B o dok FTanEL BR O NEIEEL > B 4o(4-15)3 4 F Y @ F 5
k11050 0 G BEAEHSLEVESF 0 AT ARV PPRPFE L B AR
£ o

E,., >104xE,, =n=07 (4-14)
Epew <<E,q =1 =105 (4-15)

E:.%Pé&%.ﬁﬁﬂz?;f‘—g;f_a: BV Fa F o
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3 i enin) @ EF B 2 (Resilient back propagation)
- R R EAR K R Y S RO BT R LD i~ Ok

ﬁ&&ﬂlﬁ@’agﬁ%ﬁ%%’g%ﬁﬂ&&ﬁ#$ﬁﬁ*?ﬁhfﬁm’
ERETEGHF2EINOBEE R BB E T E S RS AR B
ek S JTaReb F AT B Ft  E e BIRF 2 P ok “f—if Vadi IR
JiE A S ECEARS T BSOS Y R DB R AT E B AT
HA ks

. =L B~ L AR F5L L ERH -

2. B AEE EA HEL R 0 BE B o

3. BB EL il te t mg o FEEY £

S iR - BEACTELE I FRRHRE pEREEN{TEAR EE

RS Bl Helpal g RE A A

£ 95 B ;% B % (Conjugate Gradient back propagation)

T W Lrﬁm:¢'J@¢ﬁﬁ'%é{é_'tt 3&—"‘ Kﬁﬁﬂ} 17w ¢ F%fr*é—i BE T”L

fo S ficiy e R RS GG Bt AR R RFEZY O HBE B F
S F Ol VA it ate AR A B R R LB E B AT
ZEYRFIRAT R REFEZCEFEHE S e F AT AL R

SBCT S R kR
oo ey R HEE BT S 9 B e d(4-16) ~ (4-17) 0 5 F P o apE 2
WA T B b £ BEAEAC(4-18) 0 B F 0 AT T - S EEH S 9 4o(4-19) 0 1 3
LR Es S RS S S R S ok R R
B RAnE FEHRIFEE o £ 35D LT FARAE R - [32]
gszF&Lﬂk (4-16)
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http://stackoverflow.com/questions/2865057/resilient-backpropagation-neural-network-question-about-gradient

Po =90 (4-17)
X1 = X + P, (4-18)
Py = =0k + BPra (4-19)
05 BB X A LT ke £ R H(f BRE G BED) o LTV ET

B A xR S e

Fletcher-Reeves £ #77% | Polak-Ribiere # #/% | Powell-Beale Restarts # #7 %

5 alg, AgL G, |9ka0k 2 0:2] g, |I°
k=T k= T A LR MFHF @B EIKR
Ok 191 Ok 9k B AR

IR % R EA

REHBHBAETERE ) LEBREEEREP PEE BT

% 3 F R AZ X GEHRRE R

4-6 £ #g;% (Newton’s method)

LHZEAAMMENEEFRZEY R G DY - B R REEE gt

BR TR R e T 2 D e acit R o B A ) FR4e(4-20) ~ (4-25) 1T

[27] -
X, = X, + AX (4-20)
Ax= -V E(X)]'VE (4-21)
VE(X) = J7(e(x) (4-22)
VI (x)= 37 (x)9()+ S(x) (4-23)
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[oe(x) ce(x)  de(x)]
0 OX OX,
ae:?x) e, (Zx) 0gy(x)
I(x)= o (4-24)
aen:(x) aen:(x) . aen: (x)
| OX oX, ox, |
S(x)=>" e(x)v(x) (4-25)

VIE(x) 5 B 4 e @ b B A (8 SRR R i) % - VE(X)

EH R SHceX) 2L - X L kaafptow 2 42 8(FFEEL B2 HIED)-

hg AT-LEE Y 0 S(X) R0 T A (4-21) %

x =T (x)] *IT (xelx) (4-26)
(4-26)# J" (x)J(x) # Hessian 4E*E o % #7-2 4% Jcacernvt £ o A& oo w2 ¥
Hessian 247 fe 4 p¥ e o %]t 5 5 % =+ & 72 (Quasi-Newton Method) # & %72
(Secant Method) =i 2.1+ Hessian & & »

4-7 3 2 #g ;= BFGS(Quasi-Newton algorithms ;, BFGS)

#- Hessian #2137 4oLt By,

B,,=B, + YkYk = BkTSkSIBk
Y S ISB.s, (4-27)

2P S =X =X » Y =0k~ 9k ngVF(X]X:Xk X Ak KA e § 4
Be(F BT B W) -
Al B2 3T AR By 12 By=ldg 40K T - B4odp § 3R T 2

& B Bp R {4 = Hessian i 4B > @ Hessian ek SBRL P ¥ i 0 =
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a1 _pg, SVcrVIBYJsst) BYY.SE 5By
k+1 — k 2 T
(siye) WY (4-28)

(e or)

Gd P2V B LR ed Hessian B > @ R R E R 0 BRAF

B E o R o

4-8 — # F¢ & 3% B 7 (One Step Secant)
- hiE L A2 ARG AR 22 BT RaF R L R
SUS U dp A 2 ez == BO(NZ) - g 2 2z 7 R O(N)er B -

21l 5 =2 e
i e 7 B

AX=—0y, + By, +Cis, (4-30)
5
B, = skTgk+1 (4-31)
SkY«
e & (l+ YiYe J Sk Ok ykgk+1 (4-32)
S Yk SEYk SeYi

#¢ Sk =X X " Y =0k — Gk 7 Ok EVF(XMFXK Xy A rF K fpitae g4
(e LEEE BEE) -

PR P AR T 3 AT SRR B %o B0 B A
Firelig e WA E A SR EFEHRE -
4-9 Levengerg-Marquardt ;% & /%

Levenberg-Marquardt method # < 2, ﬁff‘u{— BREA 2 pEEHRZ

fod B0 e R S YRR E BT B R R b i s 2
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Levenberg-Marquardt method £7 % 2 % /% 4p ¢ # * 2 3+ & Hessian &% > #
12 £ % Hessian i 72 H=J"J - J €_Jacobian &' 4r(4-24) » ¢ 7 B3R 4 3%
1B £ ® 8 i 1 B ch— FYAcA o % Jocobian Bk ~ HrEFE Eg=J0Te ve 53
&ﬁm WA o I i R -2 AL e B (4-33) -

X =X, —[J" I+ ] Je (4-33)

X, L od kit § 28c(e 5L B2 HiEE) o + 54(4-33)° 2 pya4x+
ARAB LT B R T MR 2 0 AK D P ASIT I AR o E s o R L iy 2T M
fLVE TS TS G B ¢ AT e A > R BT T RO R e
1 o [27]
4-10 #4k 18] @ SEATA BB o O

5 B2 ¢ 7 48 A P g (over-fitting) <2 » & Matlab nntool %3 sk pF > ¢ -
PIRFAFE L o 2 = IR 5 - FRA A2 R E Train fi‘u{% g 2R e g
Lo H o Me F %w gt Validation - #%EE 2 2B BEEr L Gl o o §

O RRIIR - R ﬁ&%’”%mﬁﬂ”%uﬁﬁp SEA B IR R A

T h S R A e b A pE s (VR e U IR over-fitting ek 0 & T St TR

[«

NG IEIE § 8 RaET SR SR S A F S 4 R T )

ST R PIER o B2 N SRR Test IR 17 R @ e
L @A ge B v ALh o SR B R B B R R T ST R

o ek PR R A R MR A RE R L A KB A A %o BT
)

227 M ek N2 FE I AV R ERFOLA
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= Train
— Validation
— Test
------- Best

(@) A T % 5 Bk

Train
Validation

=== Best

(i

— Train
— Validation
——Test
"""" Best

(C)-E‘lﬁ,}%'k_ { - *% {m] @3

(d) —?—. ” .E_‘f:"iﬁ }%'H‘g 3!43 i ;‘3“ ﬁj«f%}i—r K§ T;’!i'] @i’ﬁ,
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Hean Sogaed Emr (e

Mean Squared Error (mse)

Mean Squarsd Error (mse)

Mean Squared Error (mse)

Best wwalidation Ferformance

is A185. 71651 at epoch 12

10”7 —
Train E
~ralidation |
Te=t .

fffffff Baest

1o E

10 -

,,,,,,,,,,,, E
10=

Ao b N M L " " —

[} =1 = = 10 1= 1= 15 15
12 Epochs
£ ﬂﬁ- NS %o O
(e) 7 Mitenim Bilixw & 2
Best Validation Performance is 32.7979 at epoch 13
T T T T - —
Tin
Validation f{
— Test H
- Best
10'
10° = | | | | | | | | -
0 4 6 8 10 12 14 16 18
19 Epochs
_'_r V7, - /‘g ‘,’g
(f) Powell-Beale % #=45 & @] #@ L
Best Validation Performance is 40.6316 at epoch 26
L
f T Train
Validation
Test
- Best
L | 1 | 1 | —
0 10 15 20 25 30
32 Epochs
: £ g5 4 B f5) @ i
(9) Fletcher-Powell £ #= 4 & i5) @ £
Best Validation Performance is 41.3967 at epoch 41
I I I I T =
— Train B
—— Validation [
= Test H
------- Best
LW 2 =
° e | | | | 1 | | | —
0 10 15 20 25 30 35 40 45

(h) Polak-Ribiere + #= - & 7] @ 1L

47 Epochs
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= BEBaest “Walidation Perfarrmance is 399 4606 at epoch 739
10 =

Train
~ralidation
Test
7777777 Bes=t
107t b |
= |
i |
= 107 | :
= e =
= Pe——— 1
= o= L
1o b N . . . . N .
[} 10O0 = [ | =00 el ) f= | | [=1m]m} Foo
TS5 Epochs
- A B TSR
(i) BFGS 2 4 i b 1f
) Best Validation Performance is 48,863 at epoch 37
0 I I I I
E Train

k. Validation f{
[ Test ||
L “-=c-o- Best 1l
10°
)

Mean Squared Error {mse)

10" = | | | | | 1 | |

2
43Epochs

Best Validation Performance is 31.6921 at epoch 21

T T T -
Tain  H
Validation f{
Test
————— Best
£ 4
& ]
H S5 S|
rg 1
510 = E
= | =
10° = | | | | |
0 3 10 5 20 2
27 Epochs

(k) Levenberg-Marguardt
B 22 & apiE @afan 4R SE A S el B E aeac R
Bl 22 ¢ 770 1Y ghi fha RB(GEL ) Xpha i oo ML PIMGEL
WA AL RFEFAY AR ARG PREFAY RN B m R EOX PhE SRR
PR E A R e S SR ART L LA @R SR Y R e g
BRTS EEERE 2 FE R B EEECILMF R > & BELY A

AR BEESEEEFH P R A R
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IF FHER

51&?—# a—Pi"“/‘éﬁﬁ%

> ¥ - l‘?ﬁifiiﬁﬂi‘%‘?iﬁﬁf\—%i’%] IEHS O F R AT R AT RS
iz Matlab nntool 2 F#12);% & R iam ¥ ed2 > 4§ 23 o
>

¥ RS A BB T B Y SR b R R 2 AP Sk
FH A F PR E RS VIR BRI T RE

MAFRRELE  HRFET THRPDIRACEER > - L LI EEM

e

(B 7 Bkl L PR 0 2 R B R PR R A ¥
Yok A X X TRIA T By 2 B34 o

> w2 P B e di ok cniTa] KA TR Rl MR ® ke 01T 5 SRR %
T MR B E T e o

B EA L KB T R S 0 S 5 0BT e % s

5min
Dl vaswanszny  [JJeanzns
Bl 23 #7040 R E R~ By 0 TS
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5-2 A F R E b 1 FE R

A AT S LR G A SRR R 4 TS R
Matlab nntool 2" {8 B3R 4ok 4~ £ 50 &7 i * chEfE e 52 BRERK A G
A0 BE A AR EAREABLE R o BEET R v LT 04
34 MRE % Fletcher-Powell £ #= - & 17 @ £:20.0172 > h # & X MRE %
Fletcher-Powell + #=+- & i % £ 0.0596 » & Fletcher-Powell = #= - & 7] & 2E.cH
BIELN D RPF A o @ AL B b kAR 3 ek FIE AT o Ak B
TAR P E R B REL[25] 0 A é;]%c* i 4 TR T RRE Y b R
S AR WA TR TR BIERIERERE G EHOM G o 5d 2 42 5
wpiis o A2 W MRE 50 BoRhow 2R iR MRE@:M‘( 3 3 RE B2 P R
2.4 & 4201 Levenberg-Marquardt 5 AF7 7 2 21BUR B o s AT T B

T kAR RlEF] -5 @ * Levenberg-Marquardt method(#§ £ ML) -

o 4 EAEEAH SRERVRSIBIFRIR v L0 KA

SD of MAE SD of MRE
2 | G (-4)

PR T E gk 76.2359  9.7403  0.2541  76.6036 1%/
LA EILE Y Fenth R T R BE 6.2265 48430  0.0206  7.8719 2%
LR o R TS 8L 124.8931  11.9576  0.4149 1250512 1%}
EHEfE BRI Y & Fenph R TR @R 54932 4.4448  0.0183 7.0520 5%
SE4 i) iR 5.3089 41001 00177  6.6939 14
BFGS #t 2 # if| B £ 5.3917 42998 00179  6.8823 32
Powell-Beale £ #= 1 & & @ 5.5626 43441 00185  7.0433 34
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Fletcher-Powell % #= - & i) & 3£ 5.1487 4.1421 0.0172 6.5947 8 %)

One Step Secant 5.4859 4.0928 0.0182 6.8298 2 %y

SD of MRE

(32.4)

{ e Feph R T i @R 0.8272 0.6569 0.0630 1.0077 2%

Efrg BMEF Y @ FappR TR BE 226381 10.6925 0.0746 24.9689 SF)

BFGS #t + #F ix| @ iE 0.8264 0.6218 0.0636 0.9841 32 %)

Fletcher-Powell % #= 7 & 5] & L 0.7716 0.6011 0.0596 0.9318 8 %)

One Step Secant 0.8317 0.6703 0.0643 1.0189 2%

1 MAE g3t 8 2 ;84T

n

MAE=>"(5; - ) (5-1)
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ix 2 1 SD of MAE &3t & = ;8 4o

SD of MAE=\/

S|

> 19-v1-2 39,1 52

i=1

3.3 MRE et 8 % 58 40T

)ﬁil—%J-10096 (5-3)

MRE=£Zn:(

ni=

: SD of MRE &z & =

(5-4)
x5
1. iﬁk =l %
3% | B2
g =k [11] 275
‘#—'ij_"é}ﬁ_ 7% 5 s o
® 24 & ) 1 T EL N FEE Y ‘matlab sh#EEA e

toolbox i€ * — & EA K M2 gerg-Marquardt i & % 2" >
SR £ T AN SRCIUEE SRR R E RN o

d @ EB T L matlab ol IE R E R R EA e P2 AR o




JA i L #

4 T I 1
N 4 | R
N iy W P W [ EMRE
g2 BNAVIN WY FL A TA Vi Y VAT ALY VA Nl 4%
; | YERY; -‘”!. AN ‘\ | Y \_ A} WA Iy |V \ \ 7 ] :fr T
/ ¥ o\ W lj "y | / v ! | ! ‘ ) Vo
0 | ! ! 1 - L | | ! il { |} JI
0 20 40 60 80 100 120 140

B 25 LR R E R @R R
F1% Bk b [20]h » b # TR E RS RREE R A {1
FEah 4 R TR AR FTHRRIER BT AHETIHE e s TR ET
FEILA B g~ )30 A R A dah 4 2 SRR T RARRLS R g R R 7R R J
i G TR 5
MU G RGE A 2
L BEZh» R piplics THREP S5 BEH D FRRRROTHE
PR B o TERl e H R T AT T A RT AR dedk 6o
Horg R BATIRRIZ b v > bR AT R fehd F R R AeF) 26 - 27
"'Tfr o
20 AR RFT A S BS P R TR S B S A g;’_r@?] KA B
LRRAES IR TR B S AR R R R S At S L
FH e AR B REE LR F LR AT 7 A AT 7
Pam%l B~ & B HCATIERIZ B e s bR 2R L e d FU R R 4o B 28 -
29 #1o% o
3. A-RPVPTR BE g AR R R R A L B URA
27 @ vERAA TAE T adcE Tl AR AAN TR BERR
v HAERREL SR A4e 8 @ H AT A e arERE A G BT
TRRZ. R o > R F L g BB P 4o 30 ~ 31 1T e
B Y N FBGEP S AR AEl A kR 4 TR S B E R T
VIR RIERDFERBS P PO RERPBELE RGN TR LR e B

2L 5
Fca
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% 6 LM#FA SR a9 RT A E S REEL R

VRTAHE |0k Bl | EAKA S B b iE MRE | B % MRE
1. 270 % 30 6 0.0850 0.0215
2. 450 % 30 6 0.0819 0.0186
3.] 750 % 30 6 0.0664 0.0185
4.| 1000 % 30 6 0.0696 0.0174
5.| 1250 % 30 6 0.0641 0.0193

d &G & e FFRR EIFRREL GV REAFE iAo R A R ow B

§ 0 e = B A ek BILp o F] E R Y ek 1250 X pc

ﬁgl * BBl B o

207 LM 5 e B e » B Beehip RIS A 1 i

PIRE AR | 9k Ak Bl ERE A S~ Bk | b MRE [ b MRE
1.| 1250 & 45 7 0.0633 | 0.0192
2.| 1250 ¥ 30 6 0.0641 | 0.0193
3.| 1250 & 15 4 0.0568 | 0.0175
4. 1250 & 10 3 0.0596 | 0.0171
5. 1250 & 9 3 0.0682 | 0.0174

d £ 75347 F ‘Bkéf—iﬁwj‘ﬁﬂﬁ%]%fl%ﬁti’cﬁ?i?ljné%%,l‘/iS& 10 &k if >

B ER A~ BHS 150 3 GURRR Y LA g e

# 8 LM #gh (e ec B A A 5o B HahIE R R

PRFAR |-k Ak Bl | R A LA BE | B MRE | B % MRE
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