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Sintering transforms powdered ore into lumped ore so that the latter can be used in a blast furnace. The powdered ore combined with coke
and other materials is loaded into a container and moved along by a pallet while the ignited coke burns. The speed by which the pallet
moves determines how much sintering takes place. Since the process is complicated and lacks an accurate mathematical model, human
operators manually control the speed by monitoring various factors in the plant. In this paper, we propose a neural network-based pallet
speed controller which copies human operator knowledge. Actual process data were collected from a sintering plant for eight months and
preprocessed to remove noisy and inconsistent data. A multilayer perceptron was trained using a back-propagation learning algorithm. In
on-line testing at the sinter plant, the proposed model reliably controlled pallet speed during normal operation without the help of human

operators. Moreover, the quality and productivity was as good as with human operators.

1. A8 axzt WA B Eo 7hEA H JHE7 Qo
AdANE BE T 7HA Fee FFHo] EAsd. gk o] @AM 27V £EE A |
st goly Hegoln £ 9dE sue ME I 22%9 ¥4 4 A4 E 2Asted Wy F
2 EAg. g2 B AL I Z(blast furnace) o PiREe R Ado] o BY AZ%FS 249
A AY ol & ded 9, HFEE 8 A2 1 Ut 72 B3 Fof nRJAM o] &stA Hrh
29 F7] FHAAE JeA gV P AH ol

48 F Q7] didd A 7HEE A Hojgz &4d7) Bl (sinter palle)®] &=
Z]le] Fastry. ol E AL Adole & F8F Ao Wgolth weF RV WF @,
sed 7HFE 8 2E NI T 2FAAE HLS
F Ee 2EZR VMt A EA 39 "Helgz

fo

[

'
o
iin
of
o
2
X
N

ANFEL W olustRay WERH FE Eob

= Zdolth. A T A (sintering process)S Al A A= ¥ QQlo] v} ®wUZE, 27 HE
gy 2 9 g dAZ UE F At AA, o H 7Rt F838 Aol HA gobA wbF
249 985S & 4ed. 97 AE, 44 (returned ore)®] Hl&o] FobA A gatAgdo] Hopdtt
3, 434 9 332 Fol 4 v EE 4. & w3, 37 (cooling plant)dl €& F BT &
A, A E8E MH3 FHols 2] #HH Aet. A5 HAH £x2 2F7E 2AsE A
(sinter pallet) Yol EAT AR, TAXE 3} A7 o] A, ¥, vl& ¢ #FL AN IF B}
I F ZFF(main blow)ol A F71E wolEold = 4 3jct.

-261-



e, AAHL
o st
oqFd.  dustd, FFol w$ ¥ H%H(non-
linear)o} . &3, 530y Are U7 AF
o] £9 Abolo] I AIZA R A(delay)e) EA3H)
Folrh. oje} Z2 olfE AF3 Fo] BT
o] AE A A4 Art AT Y A
Holtk, dA, TEAE A 1 22 FTFNE= U 3
o YAt 4 3adgz Fde 3 JEF A
A& vtgoR 2779 £E8 Alostn gl
277 S5 Alo] AFse g 22 ol F
48] a7H1 ' Aot A, 2427 &
A712 A% ZAl(monitoring)dte Tedt A= RE
AHEA stel Fo Fan FLW 4§ FEF ¥
F Jth 2A, 24AE 254 UE wHeE 44
7l 58 Aot ole 2499 WA 484
of %8 & F Yo AA, FFH2Z 2E79
EE5Z AFsete] AAAE 9 AFY FFE =d

AA st

I
Of

¢

A 22 x4 dHolH, F, 2AYF/SEAA %
o2 o]Fof dHolHE 1996 11 E¥H 1997d
6 47tA Bk FE dgHo|z e 4
ol E AAs= HAel 7 (pre-processing)S T3
& ¥ oF 937 g3 F(error back-propagation)
o] g3t 2% tF HPYEES FFIYUY
[10]. 7% £E Ao AN2RE WA AgdelA
exzeglos AlYPste] IAN %L A H
o3 o EFAR A 1 2279 A HFE o)
V&gt AA &2 el HEstgch AA A
€ Z3 FHol MHFH YR AU AF FA
2 BAAE ZAAT Aol B¢ vxd o
vhebst ot

2. 2Z ¥ 7 (Sintering Process)

o] 4oju

o

olr
tlo
o
ﬁ of¥
ol

21 238 3 /18

Tetum aquameter
fine
blending bins forper
q q'"” drum mixer ignition furnsce
] iTVeanm
Sinter machime
ermocoupléy wind wind

= box
n box cooler

pressure
ﬂo A e
—e
furnace
screen

dust gas analyzer main blower

a9 1 24 3%

¥ 12 23 T (sintering plant)2] FAEE et
3 =43 g agolt.  d=

blending bin),

Hl 3 7] (material
=3 9YAM(drum mixer), MA 3
(surge hooper), 7 3} 2 (ignition furnace), 4 d7] W
(sinter pallet), ¥ 7] 7(Wind-box 2} To] dutzo g
2ol2 & o] FEE wind-box & &), F 4% 7l(main
blow), 87 7](cooler) 2|2
2 Al (pressire gauge) 59 ThAg A2 o] Folx g
o &Z7|E Eol7ir] Mol 985S 221 FY
A Atk Aol Fd £2FFe Y4HI 9@
& A2 FHAHe 12E BURAT g G oA
Yot A5 HEH Zo] UE F Yok

489 ¥ mlending)d} F L Z(granulation) : £ 2
339 98 #H /1%, & A(binder), 231 &
4} ZAXE o]Fojx Yt A NFe dFd
AAE 7R dgd A4 MFE

=& Al (acuameter), ¢+

A4 (feeding)® AF(sintering) : A X FHE FaiA
EgE 48 7Ysn 945302 247 491 9
of &Y. 4= A3z M H3rt I8, 48
AA3) 22 ABE AXNBA Ho dd 23

SAAA Eoh. "l offFeAE
wind-box & F3t9 F FFTAA F7E FUH
249 AYE FEvh 2Fo] BY +FFL 434

rlo

A= e

-262-



719l B9l BA72 HAXA Bt

Y Z}(cooling) R A E(screening) : 2232 JEH

1 AFE 2712 Bdse] didr. Add »4

F& 122 $¢wEHIn, Urnx L3AFS wPon
FEo Al 22712 §AY F 23 4 A

F€

22 237 $E Aol A A

B 1: 287 &= Hol H+

72e Ol XH(Factors)
(Categor
Y)
@l | ¥8([Ra | 23 A UL (Coke granulation ratio)
(Cause w 334 4§ (Coke moisture)
s) material) | A42{3| H|( Quick lime ratio)

YHZ+ Hf(Return fine ratio)

Z87| % & (Mixer moisture)
AR 4B

(Blending material granulation ratio)
I 8 Z¢ b|(Raw material feeding

sef | ratio)
(Feeding | 2 & ¥ (Sinter bed height)
state)

2 H3zl2 2= (Ignition furnace
ki temperature)
(Sinterin | & £%7| &% (Main Blower
g temperature)
Environ | SE 4 MK Target production )
ment) | S| 2 A (Weather & season)

21 a3 HX| 2 &(Dust temperature)
(Effect Al wind-box £ T (Windbox temperature
s) (Process | profile)

state) | HX| & Z(Dust density)
=5 4 Z (Hot zone properties)
=3 & B (Shatter Index ,SI)

golg | ¥ A=+
(Quality | (Reduction Degradation Index ,RDI)

data) 3| %= §(Screening rate)

4227 45 BAY AAEL E1o49) BE o
o Zol A GA AN EFE & Aok AW
A 3AY FRE &2 TR 2UAA 9L F

= AAERA 4F d(cause)old & F Tk

I
!

|

GHA Fole FRE 44 FRA 499 Ans
s QRN AT Akt T 5

o o8 e BFE AA TRARY 22 I
ZAAE2FEH 4227 B & Aol T8

Lo

CAYD QA Fa Aok wEhA,

3 AFE U QEFRAE Fite & Fdijolr
o] QAL W FQ X (significant level), F 7 #]o]

H ¢ (normal range), 53 7)o thst W&o F 2
el gitk o] FeoAq Fad Al st =4
3] gotr AL

HiFE 2 A% A A (Hot zone properties) : Ml T 2]
2 gZ(hot zone)o|F AArje] EREN B
Ae xdo] $8FE 2Z P 7t2 BTS2 o] R
A 1Y L F& LT o X ZAE B
e HdFe] &7t M Fag Ao AAe|xn
24 349 2HE P Yes ¢ F Uk
Adee HAEFY 2%, AEFY 68, Eo] ¥
By Fo] x¢dh dA XFAA A 1 24 I3F
qre HAEFY 2XLE FHLE 3o xPAEC]
Z4L 33z 9o oo did 2l HolEe F
HGZe) g Fr
B 47y ARz TY FAAA AHEE F 9
Atk

%

Wind-box &% ¥X : Wind-box 5& £387] ut&
o g AXEFn A F FF7l ddH] IV
2 F4dsta, old 14 /08 wind-box o] &EE0]
239t 2¥ 2% windbox o X ¥Xxo ¥
o g vetdd. =7t 713 & #E& BTP(bum

through point)2} 3t}
- e
- e
] L
EZW /
Jeunnpz
29 2 : wind-box &% ® X9 &, BTP(burn through

point)= 22 ¥ wind-box o Bz Uk

% (bed height) : 22 989 FA(ZF)E 247

-263-



83 9o FYAE A=l FolS
W Eohw, 27 F3h4o)

EE RFojof g gz

7t A3 gl
B4 3] ¥j(quick lime ratio) : 443 ¢Po|=2

Ast

FAlel

vebd,
%) Hof 22719
¥R R,

= i

)

off B 12

AT =
a4 =

&

AFAE AN dEARA AHEHE
F7] FH4E Aolste def ol &dTh

o] H]&o] EFTd,

71

$_
Z9Y ZEAA o] dRE F

AR E2g Aol AAE AHEHA AU

=
=1

F4go F7HETh 3
WastA) @] el

2 e AAE : 2 o] F28 ARE FolA
wind-box 259 #HEH 2F wiZHE ¥HFSE
ARZ2LY & Aol AlA®AN :EIFTH
Wind-box €%7F 718 F8% dxrol7] dEed] &
Z9 ABE 52 M AdFF FaE7] Wi
o F $E7 /g% A9 4 989 F£E &R
FES TEAAT. E29 LEFH E Y= AF
2 Ao A" JEHE A A% Aol
AbES HEES XA
H2: £X Ao BdE A 715 dXS
S Ol X}(Factor) g4 2s Hel =73 A
(=3 (Nermal operation ESy]| 2
(-4 Range)
(%)
199 | M= M3 180+5¢cm 1 2
12.9 | Wind-box =% | 400£20°C 1 &8
o 3} 0

124 | 5% 550-10mm oy
8.7 | M43 y| 1.540.2% 10 ¢

6]
82 |z &2=Z7 /1Y | 1525425mmH,0 18

o)
63 | F 87 TH | 2.9MW0.IMW 18

o)
6.1 FA3A 37| 1.40mm+0.2mm 10 &
59 |28 91+0.5% 4 N7
52 | g2 g 1342 % 10 &
37 | M348 17.542.5% 10 &
35 | 28 98 £8 | 60103% 18

0
23 | 33aA v 3.7+0.1% 10 &
23 |z as 1.955+0.05ton/m’ 2~3 ¢
12 | &2 X% 33.242.0% 8 Mt

23 237 2% §x A9

Sxe 248 FRAM R FLE A
wind-box €% F 2 7R
AEY UAAEEL VRt g =gch WY
$EE UF ZAY FA 234E dsH 2L AR

AAC =
HFI=

$E71 ¥ o

o NiaH Hi

o 7Y FEF s ¥Eol #A

o F HIF79) HReo EPAS oix] Fa
o &3 29 AxF7t

£t 2 9

e ulgo] g0 FIstI A4 vl go] FUt
o Hz}7] Fo Fule] &4

o I3 24 AFF7t

=9
4
s
I
H

Aole &AH A4 H(BTP, bun through
point)e] A E 7|¥teZ 3 Aojoirt EFAA A
14371914, BTP 7} wind-box 23 o $JX|3tx =
QM) LE7F 400+£20°C 4 o Mg T2 A
g 9¢ F Ydx At T BTP7E 239
wind-box 9| %ZFel X &Atd, o|RL& £F FHHo
UE made 3$ onsid, &%

gt 2 BTP 7F HFol fAXsd, 27 #Aol UF
A olFo] ke AL onidd, £EE

A doh B AHAY &=
2.020.2m/min ©}gt1 &R Slh

Aol pee

3. AGE FE Ao ALH

3.1. ¥ SAVIEMY AA2%

A TR ZARE A8 MR 48

Al &

Wogne A4HEE 3 dolHE olfste
z

A AERE BEY & 5 o ]

o

>
>

T3t

-264-



Wol AR gt WrEY Hystm wAgHA
JBBAT FHE 5 Ao

227 £& AJALHAA Y AR 2T &L
28 3R BAFoERE 4277 B S5 Ao
Fre e Aeg 3FE F Ao F, FF
dlele Je] {x, )} 2 Foigg w, ARz
Gw,x)8 AH&3t] A& &5 fixy) & ZAEHE Aol
o A7 w = ARHREY JtFEAel x & ¢
g degolth 4R Eie g4 f o dstd FH3F <
A B8 Zohdle AL AAFIRT HF rtF
g ol do] "k &9 HHEF JAF o
(universal approximation theorem)ol w=w FE 3§ &
o] AlaRolE e A3 FrE &Y &R

A1 Y o HAUEES oW A% FHEX

Aot AE) FYES A & Ao LR

agx o] gF HAEES g Al adz

gngFol 27 Fa daeFolol,10]

ZJAE] 2E7] £5& 2FAYE 9 st AR
E 232 Yoz P, YL 2YAE
o] 2 UY JAAEL Ru FE3te] Aol 27V
&ogta A 2HY, AA/EE o BE A5t
AABEY Gw, x)7t AE x o disted Hiel o
HE NMAEE AANZLY JFEA wE S F
At ol HAF MFAE FHE AL FgEolzitn
gtk &g g Fol M2 99 T

W, AAH2Ye dwsld 298 2 £ JA Ak
Z, 2427 dA49 22 2¢ AAE B1 §E8
AARsRe], AANZYE Q2L 4o didte F
Ao £ 8 29T & ok olyT YL o] &3
A Z2AAY Ao HE-g Butdte AAIRT £&
A71E HE F Ath

Q1 A}/

3.2 dolg &3
THAE A 1 22 FFoFRE 1996 11 98

19979 6 A7tA 9 =4 dolHE AU A
zgo] d%3A FHol7] HE, W Eoick £
g delgoltt &, 7o) Al 1440 7} 9] dolE &
dA "ok ¥ 32 dojA diojg U JdFEES
it Pel=

¥ 3: dgojg Bd o 2¥ 239 =4 dolE)

NZF |84 | .. [Wind- | Wind- |..] &
(time) 34| box box [=
(%) 224 2314 (o
=2k 2z min

Q) Y )
13:42 ...| 1.70 ... | 319.20 384.80 L1196
13:43 .| 170 ... | 323.20 | 388.50 | ...] 1.96
1344 | | 170 | | 32720 [ 39120 | | 1.94
13:45 | 170 |7 [ 33090 | 39250 | | 194

T4 doldg Fer F22 94 dsteq & £
g5 zte 8] &< (non-function) W o|El7} FA ot
old dloleHEL FHF & dlolE HielA A
A= ojoput gttt o9} ZALE dolElrt WwAsE 4
AL, 4 ZAAT U TE 2PV FE A
HHE AL Q7] &t 2YAES 2189
Z el 9 aolzt 7] Wil FES A
FgolHE ¥ & £5 Aol WHE /AT QA
grr ol E sEsy] M 24 WClHE A
ol RAE F /M 2ol ARAHY & ¥ 24
g AEstA e o Aol zqddHloleE A%
23] o] o] g3t

windbox temperature

JH B 8 @ o8 B 8
g

]
H

X

Salet 5peed (mimin)
R -
-

g 3 : (2 22 239 windbox 2% #3 (b)
229 £X Ao, V.op v ZUAY &% 4
#S dehdo.

= shie) gARoz 2AA Aol Eo] T4
uax gt Aol ZAATF TR Yt B

-265-




S AN 2 FuELS A% BAsL Qlojol 7] o
Tolth. F, 2ok AFE 4& Asd BY wind-
box €& ¥ & JAEE FXA He A/t @
wind-box & &% ®3IE e
ZAAe 247 @9 4% A
o] YEerdth 1997d 29 23, 0:30 oA 17:10 7+
A wind-box 8] 2EE AFHoZ AL wWism
Jed W, 29AE 237 B £ @ W
vz ek w Qloh.

ol 237 &

At 230 =
Ui 2% 3(b) &

A g 2¥A & & U weF o] ©

olHE BF AR sge] ojguTE, F

Ao 2R A2 4E Qg Aol
Mepd, 22 2PAe ESE Qo) oA Holg
£ UL Aol7k AYZ oFo] Y REY =
g dolEe Aol ARHERe gl o §
st

Mg 2 AR Y BdE by i3kl od
AR5z dgez AHE
g ZAAA A dste] 2Tk olE Y3, A
o] §3to] thFd e
st oe We AddS FPHAT. FF dol
HEZE 19969 1€ ¥E 19979 34974 38
dolel g ol gstgict.

=

% dlo]El(validation data)E

£*(non-function) °]H
£  AA(pre-processing)E  F3A AAd}A F
8146 A& A/ZH(/0) HolEE BAY. a3 F
dloje] oA 6340 7HE Shgell ol &3k 1806 W
£ 229 ZHZF(validation)ell ©o]&stgc}.

2o Mg 9F9 wind-box 2%, ¥4 F
4], F $ZF(main blow) 7|t ¥ g, wTdE
< adEgd. a8y, AdE e dig o

olHE @& U7l WEel =P A" A A

Atgshe oy BdE TES F, o
8-S %39 wind-box 18, 20, 22, 23
AHg-g 2do] 7t3 £ 4%
= b X} A(time delay)
Zte A% FTAOY WEd, FAYL AAY WL
F o1 et 4A W5 0%

3 AF AEE B3, FFHoE @A 584,10
B, 2088 283 302389 wind-box EE 0]

o
>

Fojx F 2049 948 HEJ Aizch 2
8L dAAY 277 "Wl &% QA X (set-up
speed)©} TF

S5l A48 0F A% By FuABS gEB
Zoh ®A, o] B & A7y
29 7AFX w & & dolgel g oF &F
2 H23 FEZ +3EY. 2F @FE obds
Zol Fe "ot
En =73 (=30 0
ANAN d &y & HF FE F(target value)¥ A
A3 272e £8 Zl(neural network output value) ©] ¢},
Chainrule % #AREE o] &3 == o 9 7t%
A w, & otele) ol o8 FHA

Aw, = —77[2 (d, - y,) fo'(netk)w,.j] fi(net )x;  (2)
k

A7, n & net, ¥ 44 8
B =& k9 7}F P(weighted sum)olth.  f, ¢
29 w9 &
Y =M flner)=1/(1 +e ") 9} Zo] Fog
ok AN WEL FTEH (1018 FEEA
4% 2o $AY &4 x=8 ZE 0F HyEE

o] AF dloldel disty 7 F& Peg Bl

} <5 & ( the learning rate)

C g AEE HAE §eeA,

mim

o
rr

-266-



oz wIHINIE 4). HF UHEHL GHFF
0.0005, =¥ % (momentum) 0.2 S Z3 100 3](epoch)
gHAA YA
Wind box 18 {
To,T-5,T-10,T-20,T-30 -,
Wind box 20 {
To,T-5,T-10,T-20,T-30
Wind box 22 {
To,T-5,T-10,T-20,T-30

Wind box 23
To, T-,T-10,T-20,T-30

Input Layer

Output Layer

Hidden Layer

3" 4 55 Aol A2 ASE OF HAEE
AAGEY 2l T4 & i ¥ A9 &5 vehy
I VS A9 &F7] BRe HAH £ E(set-up
speed)E UYERATH

4. 4597}

Atd WNAFHZT Aojrle] HFes L Zl(off
line)® &2HRU(on-line)?] F 74x WHE o] 83}
Brretgck ekl HrteMe AR RG] &
Foll A¥ AHSHA Aud ZHAY diolHE 7tA
2 HZE&Fh 23d FrteME AA 22 F
Ze) AAHEY = AAVIE A QXS A5
& H2E 3t H2E ZFHE 7o g 473
BT 45 Aorlg dFAGel JdAHz, 23V &

= AFge] o] &8 AAA FH € Holrt.

4.1 2= (off-line) 7}

ARHEY 5 A7 Heg HIEs] g,
&3 FFAA AHEEHA & 10949 HolHE
T2 d9sgd. #HEe g9 dolHzRH
%2 1000 ¥ F<te] dloleE EobA F 10000
o HAE dol8g =Rl Frte] AFRstsict

H4e ARANE2LTH 24X AA £ AH A A
o]2] zlolE AF (oot mean square, RMS) ol &
2 Zd899d. &% ol#(training error)8} HAE

ol & (test error)= g ulo]E el it o} HAE
dolele]l g ofelE Yetlth HAE 29 A
S AA £x2 FARS "o dEE 4 Jdehd
AT AA ZYAEE £0.025m/min o FHY 2
g WAE /HAx v d8A o=z 4
F& U FEY 228 AT v @

b o8 oxoH
30 fr
O

B 4: ARz 29 g d2ig HAE

of| 2] (& $): root mean square error)

& (Training) Ell & E(Test)
ol 24 oll 2]
RMS Error 0.029 0.042
(m/min) (0.030)

a8 s5e ARHAEYY 29 £5(V.mE AA =
dae &= ARAV oppdt A Yerdx ith
Fiol didt AA =LY AL ofgst 2o

24 23¢9 (39 5a) : AFHELH 2R 2F £
H2A 247 Aojstn gk
10:30 F8 oA, wind-box 20 ¥ &E7} F7td o,
AR 2E AR g A AR A7
A2 Aol 2de YFe vH2Hoh

128 1Y (2% 5b) : AAIN2F 2L Awy
2429 Aole 030 oA
10:30 ¥ Atelel] X Estth. o] A Fof, =
AAEL F O AF 24719 £E& dHFo] F9
ojof gt

14 149 (28 5¢) : 29A9] &
2Py AAFR T &%

1960, 1 22 332 717 oB2ez B8 227
£58 2% "uEv 34 AFsgc. 34 A9y

Holel & stad AAH=TL o e ol 4Hd

52 gz

o wWEAYAY,

-267-



S glojokt o

e St (7Y ).
I I

.
DX 1M 11 A s® W ID N 2B WX A WO on 1%

aY 5 exgq A¥ A &%M}(v op)st 4173
32 Ao Zd(V_m)e AFE vz 5 ok
@2€¥ 23Y, GMHIR2E 1Y, ©1¥€ 142 @2

9249

AY ARE TP, AFH2TY A B
AA 23 249 4% AE Wside e &
g ok =3, AR =T
B4 H T wind-box & X W 3lel] 9zEr] wiol
wE S5 A7t Zhedtvte Aol o

4.2 22}2)(on-line) 37}t

e 287 £5 Aol A28E IFAAE A 1
27 FCM 74 149FH 1647 147 &
6 A1 281 AR HAE 3. HAE
Hele AA 2Q4A7T A AR@IN2Fe BFANG
th. AFI2Y A7t EEF FF Ajstn 3l
o FasHE, (e AAZH2 T AoV 2 EH
AAE @A Lol A7t 5=
gz Hse drhyd =gast wEe ﬂ%ﬂ,
Z2QA7E Dty 2AF AAFH 2T AAE ¢
f%, a3 2@ AR Y FA o=

Bt

rlo

a8 6°14 82 3U FLY AA A HE9

AR 2D &% Aol Zdo]l wind-box 2

W3stel] A7AsA B3 RE Bolr) s,
20, 22, 239 wind-box ¢ &% Hs = ¥/ Eo|x
Atk 2¥ 62 79 1449 &l FE BFHo|Th
247 ARz g Aol AF MU Ak
1, AAFHRRY 6 ANNEX 2B $EE A
2 Aojstn &L E F Utk

d 3ot

- - ,
< -

g e

-9l FR i
2w g =

% 208

g i !
B e ] 8 e '
F g 23 . v}
-

PIPOP PP PSP P FEFLLEFEP LS

time
@ o

a¥8 6 7% 14¢9 289 HL9 FI Wind-box
20, 22, 239 % W3 ()9 AAFI2T BwH
4% Ao ARDb)E Ve T g

a8 72 749 1599 Aol YAt 15:20
A g Aojo] BAE BT olwle AA F
(surge hooper)8] ©]to] @ H ] ol AHH7]
Foldtk. Y Aulrt ol FAFE Aol AA
JRPoRRE & AE EAT} 2HAT A
g & & QA AAHAT 1] FYP F o
Al ARz =z AAE AEA Bk AVIAE,
SEZr Fa F 15250 thAl AR E o] Ao
£ F#3Pstn Ao

K

§
)

215
21

2

1

[~v_or]
l—vm

BN WE 0T N MW 200 2T BH AW MW WD VO ED ﬁyﬁ & 9@4?@@‘9;9,'9*?(?

e e
w [C]

pallat spasd (m/min

SREBNR

ag 7: 7€ 1599 &84 #E @ (a)v Wind-
box 20, 22, 23919 2% HI}E (O 9
AAZ2HV.m) F ZHAA(V.op) o HE
Uetg s gl

-268-



0¥ 82 79 16Y9 AAYRTY Ao 2HE
el Qlth o] A 3 At ARARY
o} Aog gA Lot AAE &Rk A WA, A
A FHE H2E7] s 10110 2FV] £E
g % @A TR Wb wind-box & X5
¢ @A gk ek ARV 10:30 & FH e
A AR EZge]l adE AosrF stgivtd, F
A AR ol ur] WEel AWE Aot Bile

$L Aolck, F HAR, 10402 0¥ E9 7
2 ol f2 EZPAU AAINZYOREE AHAE H
Aotk A WHAE 1430 2% 4227 "Hdlo]

A7) WA deel ASHEG. AN 33 2
T uAY gee Agoln AR HEFo| ANY 5
SR A BERRSE 2P

PERELLSLSLELES

]

0¥ 8:7¢€ 1699 &l HE Ao
box 20, 22,239 2% WH3IE bt 9 AFIRT
(V_mn) I =GAH(V_op) & AAE VeI QT

(a)= Wind-

sorstd, 3d LY AA 28 &S T, A
Z32Y X Aol SET 27/ gl &2 9

458 AFHo2 A ¥ & 9% ¢ F AR

247 94 8Fd e AQlste] 28E
Ag AR, 24 H2 F AFHILYLE A
AE A& & = Uk E 5= 79 44 BY 16
A7A] AR ZEDo] 247 £EF AFPEL 34
T AR AdF EAE dehin ok
TE 2o 2949 od A4 B A% wE e
g F 9o

5. el HgAle] AT
NAN2Y SE Aoirle Ane
YERt ek

B
i)
Qx.l
Lo
ol
e

—n
N
Mo
iy
2
b

it R 228 52
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7/12 5172 89.8 31.0 19.1
7/13 4479 89.7 27.3 19.0
714 4847 89.8 277 20.2
ns 5183 89.9 27.6 18.6
7/16 5033 89.6 30.2 20.0
717 5126 89.8 28.6 19.0
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