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8] ~j <I ~l

Cyclone air
separator

Closed circuit
row material
grinding mill

\. ~'--~
Bucket
Elevaler

CFW:Constont
Feeding
Weigher

Tolol

Feed Rate -~H~r=4Reference
Signal '----'----'
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10 ~:~G\ J;("""F"C'~~Lt~a=::>O)fJt~0)~1iIi0)~~C~0)~1I~~m~G\ IZ9

•. 1i.-"O)~Am~c Gt::o

2. 4. 1 T~-g. 7° 0 -t.A 0)~1I~c jjj\;

JJ?::a~O)§t. ~tA nJJ?: f..} o){~~*Jl.px:~JJJ ~~~ ~ it~ ~fJJ0) 7° 0 1:.A "C' 65 ~ 0

JJ?::a.PX:~~~B"C'65~\ ~~-~~-g.~"C'65~~~.~~JJJ~.~~~c

~j:"C'~t~ V~o ~0)~1fJ~: ~j:~O)~~~n~:iI§" jt c;n~o

( 1) ~Ll.r¥ffl (~ItJ~m*)

(a) ~*dEJit ... it~~1tJ

(b) ~*7t:(fj~~ '" ilJ39~1b

(c) tH.ijjjj~
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(2) ~~tAn • jIT~ • ~~~i1f (~iJJ}ajWI/j\)

(a) ~~~#, ~~7.t1P~': J:: ~J*:OO)ii:O ,: J:: ~ ~iJJ

(b) I~~O)~~:15it~O)~~tAn~#~:J:: o~iJJ

~jIT~t~O).O)~~·~~~#(~~~~·~OO~#~)

~: J:: o~iJJ

1960 ~flt*-rO)fb~~~H::t:Hto~j.:;"'-f-. 7°7:;"'- f-. 0)~~'::J:.:H~-r7~.g

~*~B9~:~;it 0 ~ t ~~U~ t Iu Et~n)'? t-:#R-ra; o;O~, ili~~'j:1:~20)~iJJ~

ll;l ~~1I L--rW c; n) O)Tm.g-7°0~A ~~~9 ~~.g-n~~v~o .:cO)flj,~~'j:r

~2 ,:*t tf) c; no 0

(1) 1JE~IH~ffl~nt~n)'?t-:@:db{jLiJt~*Jl~~IJJO)*~v~J*:OO)flj

ffl n~*Jl~ 0)~mf~ ,: J:: I:J PI 1i~ t t~ '? t-: 0

(2) ~iJtO)~~~~.~L-, ~m·~:O.ffl~~~L-~o

(3) T~.g-7°0~A~'j:7t~E1tiJf~;O~PI1i~t~~iiIii-rd5I:J,~O)~t~

/\7'/ f-.7 v- :;...-~.g-O)t-:~0) A=¥;O~~~t~o

( 4) J;A1: 0) j. I) '/ f-.~:Jt~ L- :f§MB9 ,:~iiIii.;O~:tc1iffi-r d5 ~ 0

Tm.g-O)75it~'j:J*E ~ E O)~ ,:ijiijftTil L-, E O)~ ~:fLv) lli9n)~: J: '?-r

7.t~-r~ ~ ;O~, J;Ar~:.:c 0) 75it t f.~~iiIii~:"::J ~ IDtrt'39~ 0

[gJ 2.11 ~: 7J' L- t-:~ ~: ~

~ fi:~~ I*J ~: fI) .:l*0) ill~

JIWi~ fF I:J, 1:$ J:: I:J t!J v)ill

n) c;J\7 '/ ]---7 v- :;...-~-r

fA v) lliT75ito ~~f~O)~j}

5fH'j:/j\ ~ v);O~W:1fOOiji;O~~H

6 no ~.g-~: t>fljffl PI1i~-r

a;oo

-14-
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[ 2] J~H~:IJ~

~~O)~m~FPJC:~~~~::ftT~Gt-: tJ, ~~tAnJ*r-tO)tJlPX:~lbi?~*~ ~~

~fi~::1f~:J.JtJ::IJ~-rd; tJ~1£O)~mt-rd;-3o ~ 2.12 O)~~::~~tAnJ*:tst~

~ ~tAn,'I[~ ~::JI~ 1::~Jj.mtl, 1tffll::~ G-C ~j: z: 0) X,. ':J r ~*~:lJrPJ~:: iJJ tJ

1& -::> -C1tffl9" -3 0 -M~::Jjj~~fr '5 ~~~ A:$1 ':J jJ -, iJJ tJ ili G~1T '5~~

~ I) 7 v-~-cll¥.-S~i?~, ~ 2.13 c~ 2.14 ~::{4t~H~~~~Gt-:~~::®:~15rPJ

~t-:~j:F9~15rPJO)~{t· iJJilil::J: tJ ~flO)mpx:· %:tki?~3ttJ:-3o rl9.-rIj:;;$:

15~O)~fiO)tJipx:~lbO)~a~11 ~)J::~{I:: Gt-:o

~
------

-------
-------
-------
-------

--=-=-- ---------~'--- ------_::-:-----=-=--- ------ --~
'- - -- ---- - - ::-:----
~-=-=------- - ---~
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[ 3] mt lAi(c7j.15Jt

~ 2.15 ~:7Jd./ t;:#JH:~ ~tAnJjjt;jSJ.~ JI~ ~:#.:I-mi ~mt GL ~ ~fF IJ, tJJ IJ tfj

G~: ~t;:"? L~d:~O)f~#4mi ~~15rPJ ~:#.:I-~ ~:-fJ.J"? LV~ <15$.0 ~~~O) t:p-r

ut~~:t~:;, ~r~,~~yt~ lt~~~, IIffi15Jt~:lt~ G§ ttJft: Gt;:~~~fOO ~~pt G

~: <lt~o

-16-



2. 4. 2 JJit f-HI61~ fflIHffIJ 0) f~PX: C~~g

Tmi5'~ 0) JJitf-Hj:JJitf-l-*7.t~7· 0 t A -r*7.t~ ~ tl~ 0 JJitf-l-*7.t~ 7· 0 -t A -r ~j:

ffl~~pg-rJJitf-l-~fiJ*mi5'9~~~g~~9~ c c :t I:, ~AJJitf-l-O)m:~tt. ~

ID6l~9 ~ ID6ji5'fflIHffIJ~~I: et Qmi5'~~g ~{@;z QO)tJ)-~Et-J-r 215 Q 0 ~ 2.10

I: :iJ' I." t.: mI: JJit f-l- ID6l~ iffiHmlHj:, 7- V / T -1 / 7°"!T -1 0 ,:~A ~ tl~M0)~ ffl

~"!T/7·lj /7+1.", X**51fJTgr~fiJJfl G'"[-'CO)fr;~tJiPX: (CaO, SiO:;, AI20j>

Fe20 3 0) [9 lit51 ) ~51tfT9Q ~ c I: et I] 1T -j 0 X **51tJT~-rlj: -~Et-J ,:~*7.t

O)itt2 0){I::~lit51 MgO, S03 it!!:t /QJ a:~H:51fJT 1.", ~)v /-r O):t1tlitJl~O)~;J§-c

G'"[V)Q;Q), JJitf-l-*7.tJ;J3i·'::t~~tAtlJJitf-l-~inlit~0)71) /tJ-, f±J::Jf*7.t

~~ 0) t j. / l'~0) tJi PX: 51 tff :t~~ I '\ /' T ~lP1in: '"[1T '? '"[ S 1], ID6J~ ifflJ1ffIJ I:

Ci~-r ~ Qb It -r Ij:t~ V)o t:t '? '"[ JJitf-l-~-g-}fj 0) [9 PX:5151tff ~j: Fi3' j\: Et-J I:1T v),

fflIHfflJ*Ij: -if / 7·)v{~ iffU 1ffIJ*c I." '"[ f~ lit I." '"[ V) Q0

ID6ji5'ifflJ1ifl1-rlj:J:.!cO) [9PX:51 I:jj 1.", J;J,rO)-=fI~O)1fJiPX:tt.$ HM, SM,IM

0)~~~••,JJitf-l-*7.t~~DtA~~A9~[9f1O)JJitf-l-O)m:~~~.~.C

G'"[sl] , ~O)Tmi5'7DtA~~V/T-1/~-if-1D-r~I]~<~cO)-r

~t~v)~~'"[~~~O)tJiPX:~tIJ':et~~ffltJiPX:O) ~ I) 7 1'~ItJ~~< c c:t

I:, ~. ~~W11:1*:bt;9~~Et-.n:~1tJ0)7}m:~:f!D;zQ~c;Q)-'C0):lff*O)El

Et-J-r 215 ~ 0 {9jJ;z Ii, HM 0) Ii t; -:> ~ tJ)~)v /-rO):tnlit~J.J$': CO)fjjH:~.9

Q;Q':ll:-:>v)'"[Ij:, ~ 2. 16 I::iJ'Gt.:mt~~tttJ)9rlt;tl'"[:SI], HM O)~~~

~~ 0.01 r'f~ ~ c I:et 1], *~ 0.2%9t~b"S*~1.5 kcallkgoclinker O)~.JJit

.ijiliz:0){.g;~~~~ ~ c:;Q)-r~, ~~Et-Jt~-*~IJ-rO)~Pl.~ 5,000 ton/day

C9QC- B3 t.: I] 7,500Mcal O)~fi~~IJ~-r~-'CO)~:J.J*~j:tj~'"[*~v)o
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1/
I

'/' I

1/
I

1.02

1.04

0.96

0.94
1.8 1.9 2 2.1 2.2 2.3

HM

~ 1
~-~
~
~0.98

2.5 I I

2
!t~ ifijffi(cm2/g)

......
'S- 5700'-"

~
~
• 1.5

1 4000
~
G
il- lI

I I 3000;::::
,,\
='

~
~ 0.5

0
I .

2 2.1 2.2 2.3
HM

(1) HM 0)~~pX;~"'-0)~. (2) HM O)~ttJ Cf)~)~~~JfO)~f*

~ 2.16 JJf.:f..}O)*~$~fl::O)=t=- J[; /~pX; 7° D -t A",-O)~.

2.4.3 7" v /7 -1 / ~i"!:Tl' D O)~PX:

::. o)~~-c'~j:*71~O)~~~.7).JJf.:f"}~"!:T1' D~:~A G, ~$et ~ ffge~~~

mAG-cm~G-clt~Qo m~-c'~j:, ~ 2.17, 2.18 ~:7J'Gt':l!!~JtcJ\~TJt

O)m~.Jt~~~6hQol!!~Jt~~-0)"!:T1'D~~~cm~~~m~Qm

Jt-c'~ ~, ~ '::> 7'J~ G~"!T1' D ~:JJRf4 ~m~ v/\(J[; '* -c'frlillt.: G-c:J3 ~, -t-O)~

"!T1' p~$O)Wl3*ft$~:ff~~5U.~z ~ ~.7).m~ G::)'::>f*~~~~tH~ Q1JJt

-r~Qo -1JJ\ ~ TJt~j:J:$O)~-g-"!:T1'P c~$O)JtT~"!:T1' D ~.8IJ.t< ~:ffl~

~~"!:Tl'P-c'~~~O)~~~.~ff~~.~z~~~-c'm~~Q1JJt-c'~Qo

m~5C;b:~lHj:-JlR~ ~:J\ ~ TJt7'J~l!!~Jtet ~ tlh-c lt~ Q 7'J~, ~{iJt '*t.: ~j:}t~
.~.<,~m-c'~l!!~Jt~.m~Q~-A~*¥-r~Qo
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Storage silo

Mixing silo

Aerated section

compressor

2.5*'5"§

tLl: -t j, :/ t-- 7' 7 :/ t-- ~:f~ PX"9 9 -It fj 0) 7' 0 -t A~ '* f-J. 0) mt tU:: 1JE "? -c~
m0, *~X~m~0)±~~~9m~7D-tA,,*~~m·m~7D-tAS

J: (JiM]~fljiJ1ifll~~ 1:::M"99 -tO)mpt~~~ 11.lfm I:: -:> It ~ -cm~ ~1JD;z t::. 0 tJ-S

*~~O)-tj,:/ t--7'7:/ t--O)m~~-ltfjo)~I::I;;t~rO)fD' ~O)mm., J\

:/ ~ 7' 'Y!J ~}lI~~I~ (f*) 0)~~7J~ 0 ~~*~ 0, 5ImiiFJTi?~fIJ&I::

B9~~, *X~~0)*~X.O)ftE~~~0~o

$~X.

(t[im j[) : -t j, :/ t-- 0)~i1! ~ {~¥, JII~~I~ (1976)

(W. H. Duda) : Cement Data-book, Bauberlag GmbH, Berlin, (1985)

(~$"EE~) : -t j,:/ r- O)~EE~~ (1975)
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3. 1 ~j: c:~ ~:

2. 3rn-rm~Gt::J*r.ff)j~·7 J) /7J-f)j~~:~JmGt::f~~ctet~M@J

~iF- )V~ )vf)j~7·0-tA -r~j:, ~EO)*~f~t':~t-rtet <, f)j~tJ.J$O)[ti]J:

~~dbdb~ c tet ~fllIl O)flJlJ1ilP;O~m:~tet~~ c tet ~ 0 Gi.)'~ G;: 0) 7· 0 -t A ~:tt

9 ~ f)j~ ~J.J $ 0) [ti] J:~ fll Il flJlJ 1fElJ t1i* ~j:+7t tet~~ c ~j: -g X tet ~ ~ ({Jl jfj ,

1995a) 0 ~ I: flJlJfJIIJ € ~~ Gt:: =E: T I) / 1.7-r ~j:, "7( A 1\ 7/A 0) Jj.~~ 1'1 G

t::'to);O~~< (Tomaru,1986) CfD83, 1993) , -jjfllIl/\7/Aa::-r~1'I

Gt::=E:T)VI) /7·':~9~1iJf~-r~j: (Keviczky, 1989) (Rajamani,1991),

~~:il;O~~9~LfllIlfIJI11fElJ* O)~iv* -r¥ -::> L ~~tJ: ~~ O);o~m~-r®~ 0

3. 2rn-r~j:;:0)f)j~7"O-tA~:ttG,~AI\7/ACfll~/\7/A, !M'

~:*ftIl 0) 1~~!M'tt c GL 0) J:t~ OO~ 0)1\ 7 / A I:~ § Gt:: 1b!M''/1 =E: T)V ~ 1~

7J' G, f!il< 0)~~*5*~mg~9 ~ c c 't ~:, ~~*5*;O~t;**~mlfJ=E:T}Vc

..'fO)~~~~~lH G, ~ ~.:z. v- ~ 3 /,:et tJ *~t::j!]~'!1~m~9 ~o

3. 3 rn-r~j:, ~C.l:o)**~=E:T)V€}fn~LM@J~~-)v~)vO)fIJIJ~1J~O)

~iv*5*c..'fO)~ ~.:z. v-~ 3 /~~:g*5*, ~ t;~:;: O)flJil~jj?,!~~~~:JOO

fflGt::*5*~:J~~L~CJill9~0 3. 4Hr1-r~j:, ;:tlt;0)*5*~~*~9~CC

't~:, 11£,l3-C ,:m~jt::f)j~c7t£!H:~b~~F**~!M''!1~fUffl Gt::~F~~1iJ

!M'tt=E:T)VO)rm~O)~,~€&f~O)~~ c GLm~ G*57.J.c9 ~o

3. 2 M@J~iF-)v~)vO)ItJ~tt=E:T)V (~~, 1998) (~*, 1975)

MfJT C~~ 0) tt~ c Gt:: M@J~ iF - )v ~ )v 7· 0 -t A 0)~~ c ±~ tJ: tt~
~~ 3.1 c~ 3.1 ~:7J'90 M@J~iF-)v~)v*0)j!]!M''!1MfJT~1T"5I:~j:, ~

~0)"7( A/\7 / A cfllIl/\7 / A, jjA*(J)~AI\7 / A c=C-:I- /-9 b.1\

7/AS et 7.J.*~f*O).:r:*)v=¥- 1\7/A€~ xtJ: ~ttl~J:tJ: t; tJ: ~~;O~, MfJT

0) § B".J € ~EO)*~f~S et 7.J.~ db ttlIl 0)~-f~~ § B".J c Gt:: fIJIJ 1fElJ jjit (J)~ iv

~:~~tJ: t; ~J:, ~~0)"7( A/\7 / A cttLIl/\7 / AO)Jj.~Ll9tl't+7t-r®

'::>0 ttLIl/\7 /AO)~mCGL, f1~ 3-C -r7J'Gt::*ftIl7t:fli..'fO)'tO)(J)~f~

~~it~9~jj~~~X~;:c't-r~~~, ~.*~~0)J:-r0)*.0)~.

~~~G, ttLJ.lO)e~B".J~~~-r®~~.w~~*rn-r~~ffl9~0
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Ball Mill

B.E

-(
GMo ' Z,lfo

NO. ~)vpg 2. )v B:~ ~ )v@] ~{<$:ii: ~1J ~)v-t t/'\ v-~

~ (mm) fi~ -~

mm cP -~ ~ (rpm) -~ -~ ~Bt (tonlhr) ~:i't mit
/=~ (mmcP: ton) (mmcP: ton) (ton) (kW)

1 2,900 3,259 9,500 18.1 75 cP: 1.8 40 cP: 5.0 28 950 -1f1'7D/
/ 60 cP: 4.2 25 cP: 40.0 ::r..7-

6,241 50 cP: 5.1 63.6 t/'\ v-~
40 cP: 7.5 II¥LF"t$
~ : 18.6 ~ :45.0 2,800mm

2 4,400 4,565 13,000 14.7 75 cP: 14.5 50 cP: 25.0 100 3,700 -1f1'7D/
/ 60 cP: 15.0 40 cP: 66.0 ::r..7-

8,435 50 cP: 22.5 30 cP: 36.0 195 t/\ v-~

40 cP: 16.0 II¥LF"t$
~ : 68.0 ~ : 127.0 4,800mm
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3.2. 1 1fJ~11::CT )vO)£*J:t

fJ-r~)vAO . te~, 7t~~AD . teo~$O)~iimtl; G(kg!h)c:.It~iIfi

~ Z(gr/cm2)o)J\7:/.A ~~;t~n~, ~~'~PJT~j:~~*~fIJmL- -r~75IJ9 ~o

(1)~ )vA 0 -g-im$

J*f..j. C:~ lJ f7j C: O)-g-ijjHi~-rO)~ .A J\ 7:/ .A C:~ iIfiffV\ 7:/.A ~~;t,

GM;(t) = G;(t)+GMr(t) (3-2-1)

Z M; (t)· GM; (t) ='Zj (t)· G; (t) + Z Mr (t)· G Mr (t) (3-2-2)

(2)~-)V ~ )v*1*

~ )vpq t: S t" ~ -r Wf f..j. ~'j: A 0 n) t; te 0 ~: [ti] n) ? -r m -g-ft j}] L- -:> -:> f7j Wf ~ h

-rslJ, **7t11i* C: L, -r1& lJ t& '5 -'" ~-r i$; ~ n\, ffllJ1~75~O)~t;j~~~ I:

9 ~ t-: ~ fJ-r-r~j:~ 'tJ~~* -r~;t ~ 0 m-g-ftlfJ~: -:> t,,~ -r ~'j:, ~ )vpq 0)M~

n\~ t" ~~~ :jjdlg;~~ ;t, imA if,E:i; C: im te t1Eii Fa' I: (3-2-3)J:\;tJ~JlIfJ~Ht-J~:PX; lJ li

-:>:t 0) C:{&~9 ~ 0

1
G (t) = . G ,(t - 7: )Mo Dn Dn-I D 1 MI 8Man +an_I +. ··+a l +

(3-2-3)

(3-2-4)

;:: ;::~:, D=d/dt 1'j:~J!&7ti~~T~~L-, r 8M ~'j: ~ )Vpq I:S ~t ~ ~f..j.O)i1rE11J

~11O)'5~~.A~:/i1rEh~~~~~~9U~~~-ri$;~o

-75f7jWf':-:>t,,~-r~'j:, .J(-0)£*J:\;~{':t~ 3-C ':7J'L-t-:n\, ::.::. -r~'j:.J(-0)

~ ~~ ~ .It~ iIfi fl 0)~ ED C:~ ;t, 7:/ ~ V - 7 0) f7j~ ifJl:~ (.=.~ , 1965)

(3-2-4)J:t I:, f7j~~ ht-: ~f..j.0) 20/U7l ~~7t C: Jt~iIfiij{ C: 0) Fa' ~:~ lJ li-:>~~

J:t (3-2-5.1),(3-2-5.2)~{-~A L- -r1~ t; h~(3-2-6)J:t~f7j~I:~ ~ tl:~iIDflO)~

~~~~9~J:tC:L--r.m9~o~s, 7:/~v-70)f7jWfJ:t'tJO)mWfIfJ~

E ~j:, 1iiJ-~ )v-r~j:)i~~1!f': ~ ~~{t; ~j:jrt,t. t,,~ ::. C: ~ lJ fJ- r -JE c:~;t~ 0

RMo (20t!) = RM;(20t!)· exp1- k(E· i B / Gr}
ZM; /b + RM;(20t!)/c =1

ZMo /b +RMo (20t!)/c =1

ZMo =ZM; .expt-k(E ·iB /Gr}+b' [1- expt-k(E ·iB /Gr~

=f(G)·ZM; +b'(l- f(G))

(3-2-5.1)

(3-2-5.2)

(3-2-6)

-22-



1:;ttim9 Q IE~""(' zt; Q 0 * t~, J:\(3-2-6)""('~j:1JZ~$if~ra' t ~ )viml&Jimfi G

(J) fJij~""(' zt; Q :. ~ ~~11 G-C£{a2 GL lt~ Q 0 :!A I:Jt£{1iifl(J)jjj~11 ~~ it

Qo iflJ it ~~~ )vim.AJjj(J)Jt~iIDfln~A T ':J 7·~1:~{~ Gt~ ~ ~, imtf:i*7.t(J) Jt

~iIDfltJ~(3-2-6)J:\""('£{~ n Q f~ 1:~J(~9Q *""(' I:, ~~(J)71£-g-~jjjI: et QJ/!

n~f*5 ~ GL, (3-2-7)J:\-r~(J)jjj~11~~9o

1 ZMo
Z (t)... ·_·Z .(t- r) (3-2-7)Mo D" D n-1 D 1 Z- MI BMa" +0,,_1 +···+01 + Mi

(3) ~i~:t~~~#,4

~~~~~.~Q~~~n ••""('zt;~~~-r~m9Qo

Gs;(t) -= GMo(t --rBE )

Zs;(t) -= ZMo(t --rBE )

(3-2-8)

(3-2-9)

(4) ~~tI

~~~ ~ GL"!t-17 0 /J:\.:r.7--t/\ v-~~~it Q~, ..'f(J)pg$""('(J){jtf

~(J)$if~ra'Ij:, ~ )v(J)$if~ra' I:~~~ Gfi~L IJ\ ~ lt~ (J)-r~m""('~Qo

:. (J)~, -t/\ v-~ tJ~ 13 ~Ftfj ~nQ ~*7t(J)im.~ ~~~iIDfllj:, -t/\ v-~ (J)

~~~~-r~~,~~(J)imAim~, imA~M(J)Jt~iIDfl, ±~~E~s~~

~~~~im~ffflliJillffl~' / /\IJ~L~(J)~~ ~ GL, ~a2-r£{i:tQo

(3-2-10)

(3-2-11)

tJ:S, fJij~ he:;,hz Ij:~~et ~*~~ t(J)~9Qo -15, ~~#,4et ~ 2.)vl:1ij

~~9Q~ ~ *7t1:~GL~j:, :!A(J)}'\7/A J:\tJ~JiX: ~ 1L"?o
GMr(t) = Gs;(t)-GSo(t) (3-2-12)

Z Mr (t)· GMr (t) = Zs; (t)· Gs; (t) - ZSo (t)· GSo (t) (3-2-13)

t~t~Got/\ v-~iJ~ 13 ~ )v*-r(J)*7}f*(J)~~~ra'~j:, -~I: ~ )v(J)$il~

ra'I:Jt G~~-C11\~ lt~t~~~m Gt~o

3.2. 2 ~~*5*~..'f(J)~~

J:a2(J)tT)v(J)~IDE~ ~$(J)IEfJ:~*~~ t~~ I:, *~tlm~ (~) (m=.
~~Tl) 7)v (~) ) 1:~f±tJ~~AGt~=~(J)71) /7J-*7.t~fflM[EJ~*7.t~

~-)v~ )v-r~fj(J)~~~fT"? t~o ..'f(J)*5*~tI-~I:~9o
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~)~

~ M~Jt G{ G{ N.

tI (ton/h) (ton/h) (rpm)

1.41 18.95 45.7 570-580

- 1.97 19.89 59.0 570-580

~ 2.73 20.85 77.9 590-600

3.63 20.59 95.4 620-625

-
.fi} 4.00 81.04 405.0 440

( 1) ~-)v~ )V!*J~~-l-O)$ti~ra'7.t1P

=£0) ~ )v~:M l"" ~/'\ v-?7 0)

@]~~~~~J!L" ~ 3.2 O)~~:M ~ 3.2 ~~~O)JI~tJ(~

~~O)~~~~~JI~~~~A~~

~: 1"F::> t.: J:. -c', ~)vA 0 ~ .::I. - r- $

~:ji[{~jJ )V~.::I. - b CaC12 ·2H20 ~

25Kg l' :/ /'\)v A:IX~:39:A L" 30 fj)

rIO' Ilifii -c' ~ )v IH 0 *7.t, ~ IJ *7.t~t~I& L, ,

jj[~~;ff.O)7.ttJT*5*J:: IJ ,

{;j~ 3-A 0)1J~ (/J\?'B, 1968) ~:J::

IJ ~-)v ~ )v!f!1*0)$ti~ra'7.t1P9

tJ:b!> l' ://'\)vA~~~11~*~t.:o

-i%~)vO)ftM~tU:M9~$Wl~ia'7.t1P~~3. 2 ~:~90 tJ:S"!T:/7°)v

1*I&ffJl~:a:~,~l1::L" 1\7'/ r-.:r.v~-?70)=-:J0)1\7'/r-I*JO)~~~ti

~IH L" ..'fO)mil~iJl,IJ~9~ 2: ~~:J:: IJM~.b~:a:m~L,Ll.t~-'5o M~lt9tJ:

b ~ ~ )vJm~ifrt:ilO)~1JD ~:~l.t~$Wl~ra' ~j:9;ff <tJ:::> L l.t~ ~ 0 2: 0)~~*5*J::

IJ MWO)(3-2-3), (3-2-7)Jt-c'~m L,t.:Ib~11~:5/J\=*~-c'*~t.:*5* (3-2

14)Jto)~~: tstc.~ra' ~ 5 :!Ai!!h*-c'~-)v~ )v!f!1*O)~11~;t~it-'5o

A S

T(s) - e-21~ / (1 +~ s) (3-2-14)

2: 2: ~: fB~;t I:: A r- :/ 7 0 -~jj*9tJ: b!> tstc.~ra'~ ~ l.t~ t.: ~ )v!*J O)~'@j

f$ttJO)Ifl~$Wl~ra'~~L,Ll.t~~o ~ 3.2 ~:~;t (3-2-14)Jt~:J::~1' ://'\)VA

~~~ftM~~~:ML,M~L" ~?JtIJO)/D '/ r-~~~~L,L~L,t.:~~~lt~~

IHI O)M~lt ~:~'@j L, t.:Ib~11O)~iJl ~ L, L (3-2-14)Jti?)~IjJtj -c'~ ~ 2: ~ ~~*,J

~ 0 :!A~: ~ )v*1*O)%~~~~b::> t.:~'@j~::t (3-2-14)Jt ~~Jtj9 ~t.:~~:,

~~T-?7 J:: IJ *~ t.: -i% . =i% ~ )vO)ft$ti~ra'7.t1P~:l t; tst-=~ra' ~~ L,

5Ilt~t.:7.tllJffH~O)Ifl~$ti~ra' ~M~ L" ~ )vO)!f!-fiL~OO~~ t.: IJ O)5mi&lmE

1i~:M L, L, !f!-fiL~~~ t.: IJ O)Ifl~$ti~ra' ~~~ L,~ 3.3 ~1~t.:o § ~O)

%~~~-)v3tiJ{$~O)~~~#i?~~1iffitJ:2.)V~:ML,L~;t, ~)vO)m:~· ~

~ . Jm~ifrtfiO)~~M~#~:J:: IJIfl~$if~ra'9tJ:b!>fB~~ 3.3 i?:lt;*~,

(3-2-14)JtJ:: IJ -~~tJ:~- )v~ JVO)ItJ~ttO)~iJlJt~1~~ 2: ~~~1H*~0
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• NO.1 mill at Lc=1.41

6- NO.1 mill at Lc=1.97
X NO.1 mill at Lc=2.73

0 NO.1 mill at Lc=3.63

o '. J),

200
Impulse response

180 - for L =3 63 ...~.~
C\':~ ·c. Impulse response

160 - :~ ". /for Lc=2.73
. o'

140 i .~

120 -
:>..

g 100
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~ 80Q) -...
~
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40

20

0 '"

-20

Time (min.)

5 10 15 20 25 30
Flow rate per unit cross section of ball mill GIS (tonlh'm2
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..c 1.1
On....

1c:.>

-c: 0.9
::l

....... 0.80
Q),...

0.7c:- ,,-..
Q) E 0.6u -c:>

c:
....

"0 c: 0.5'Vi '-'
Q) ~.... - 0.4c: _

~ <E-....- 0.3::2
0.2

0

•

NO.1 mill
NO.2 mill

Ts : Mean residence time (min)

L : Length of the ball mill (m)
G: Mass flow rate through the mill (tonlh)
S: Cross section area of the mill (m2

)
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( 2 ) *ft~. lt~iID~O)ntIJJE*8* C5t;fJT

jUij2.)j,O)~M~lt~::B~t~JE1j1;ilE~~-c'. 2.)j,}...D· -t/'\v-~tHD~

tl~ • [PJ~ ~ *7J0)"!T /7°)j" :BJ: rt-i5 2. )j,~:M L- -c~J:JE1j1;)lEn) ~ ~~W 1.1:

~ it t::.~, 2.)j, I*J 0) 2. )j,*~ 15 [iJ] C'-* 4 ,rR., =* 5 ,rR. O)"!T / 7°)j,~1*1& L

t::.o ;: n ~ O)~ /7")j, ~:J:;j L-, tt~~ ()II 0, 1964) ~: J: ~*ft~5t1P 0)5t;fJT

C~~~jf#17t~:J: ~ lt~IID~O)BtntIJ ~1T,,:) t::.o -t-O)*8*~ ~T~:/F9 a

-~~:*ft~5t1P~:-:>v~-C~f"}' 7 I) /7J-*51~v~-rn~::Bv~-ct> (3-2-15)

:it 0) Rosin-Rarnrnler 5t1P ~:~ '5 C~n -C V~ ~ a

R(r,) = 100 X exp(-kr,n) (3-2-15)

;:;:~:R(r,)~J:~ r, O)ifflv~I:~~~*ftTO)S5t~:a:-~L-, k,n ~J:JE~Cr~~o

~ 3.4 I:M@1~*7J»*I::B~t~7°D-tAI*r=7FJTO)-t~/ r-*7J0)*ft~5t1li

:a:- Rosin-Rarnrnler ~~...t.~:7° 0 'Y r- L- t::.*8* :a:-/F9 a v~ -rn t> Rosin-Rarnrnler

5t1P~:~,,:)-Cv~~;:C, :BJ:rtM~ltO)fOO:I:1*b~-rJE~k,n ~J:~tl-JEfOO:

C'~ G '5 ~;: cn~*iJ~o
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X Lc=l. 91 (~tf})

• Lc=l. 97 UMH>

A Lc=2. 73 (J'ltf})

X Lc=2. 13 (lRtf})

• Lc=2. 13 (~1tI±n

A Lc=3. 63 CI'lti})
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10.01 10 100
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~ 3. 4 ~$O)-t~ / r-*510)*ft~5t1P
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*':~$O)fjj:J3to){~~{@:c G-C 20pm ~7t~:!g§ G, ::O)s7t$cJt~OO

ffiO)7ttJT*5*-a:Mtt G, 3. 2 ifjO).:cT}v~:~ffl9;;'~~J:\; (3-2-5)0)1ii~~

-a:fT?t.:o ~ 3.5 ~:..'f0)*5*-a:/FGt,:;01, ~'&O)1i~l:t:O)5m~~~C:~J:~)v

lliD, ~ffl, ~lJffl~:;Jt~G-C20pm ~7tcJt~OOffiO)r13'~:~~O)~%J:\;;O~
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0.09

0.11

0.05

0.15 r-::-----------------------,
R(20/-l): Residual percentage over 20 /-lm
E : Electric power for ball mill (kW)
G: Mass flow rate through the ball mill (tonlh)

T.: Mean residence time (min.)

0.4 0.5 0.6 0.7 0.8 0.9

Lag(E X in / G)

~ 3. 7 Y)- ~ v-7ffl~~~j:\;O)W~JF5*

0.03 L...--_........I.__......I.-__..I..-__I....-_........I.__......I.-_-----J

0.3

*1::: 3. 2 in O)IfJ~·t1=cT J\.tC'f*ffl Gt.=~- J\.t ~ J\.tO)fflWf:ligf.1 ~~~9 ~

Y)- ~ v-7 O)fflWf:~~j:\; <3-2-4) ~ NO.1, NO.2 O)j'ffij ~ JvO)~M~.I:t~:s

~t~ 201UTZ 9j7t0)7ttT*5*C'W~:gG, ~ 3.7 ~1~t.=o T-5~~~-t7.tc~~§

;ttJv~;O~, *~~O)~tJ~=-:Jo)~-)v~J\.t~::MG,2J\.tAD ·tfjOO) 201UTZ

9~7.t .ItO):M~ c Log(E x is / G) O)ra' ~:i$ljHf~ili~~;O'rpt.li: G-C S IJ, Y)- ~ V

-7 O)fflWf:~~Jt;O'rfflWf:ligf.1O)ili~~£(~c G-C fi'X..li: G -C v~ ~ :: c ;O~7.t;O~ ~ 0

(3) iz/\ V-~O)7tm~'!1

iz/\ v-5 O)7tmttlig~~, iz/\v-~"'~A~ tlt.=*f-J.fflO)~*sL!l~::MG

.ffl~"'~~9~~~~~9$7t~~.~ttC'~~9~0)~-.~C'~~o

~~~:{3t Gt.=iz/\ v-~~~v~9nt~f±~0)"if17D)-I.Y-iz/\ v-5 '"C'

c!; tJ, -t-O)7tmttlig ~ffjlJ~tfj*~ O)~~iz/\ v- 5 O)±$I!l~E~ cM~~~Vif
ii~~;t ~ ~.)- /'\-1m1lC'C!; ~o ~~m-Dt~-c'~~iE~tJ~E~~-c'::tl r; O)Hk

fF~~~~!l!G, -t-O)M~-c'j:jtAffl, ~ffl, ~lJfflO)"if)-7°Jv~1*l&G, -t

n G0)*lL1l7tw- O)7ttT*5*~ ffl v~ -C$7t7t~.~tt ~*~ t:::.o -t 0)*5*0)

~J~~ 3.8, ~ 3.9 ~:~Gt.=o ~·)-/\Im~~:et~M~VifitO)~!i!~:.l:tG±$I!l

~E~~: et ~7tm~ttO)ffjlJ~n~~1J*B9'"C' c!; ~ :: c n'r7tn~~o
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ci:: 20

3.2.3 M@]~~-)v ~ )vf5t~*O)l@mmllJ.:cT)V

3.2.1 -rizf!-'"'t-::.:cT)vO)£*lt :a=:-':) O)~~lfJfF}~@] lJ -rl@m{t; L,T~m

ml1J.:cT)v:a=:*~, ::tU:MifjO)~~~*:a=:flJffl L, T ~O).:cT}vpqO)~~~

:a=:*~tHi, M@]~~-)v ~ )vf5t~* O)IfJ~i1.:cT)V :a=:1~;:' :: ~ tJ~-r~;:, 0

:: O).:cT)v:a=:f/Jffl9n~i, ~$O)mt.~ lt~ffij~O)~iiB<.Jt.I.IfJ~~, JJRf·H~

Aii . -t/'\ I/-:$' @]~~O)t~{'FiiO)~J!~::M9Q M@]~f5t~*O)*iiJ:a=::/ 2

.:I. 1/-:/ 3 /9 Q~tJ~tf:H~,f!jllmjj$o)~i;j~:t(~~EO)~i,n:ff:futC'3; Q 0

l2J,~-r~j:~mmlb.:cT}V:a=:*~, NO. 1 ~)v:a=:M~~:.:cT)Vpq~~:a=:*~t-::

~*:a=:~f:I L, l7J'9 0

*9~mmlb.:cT)V:a=:~tfj9 Qo l2J,~~~ X O)~-m-iiJfF}~~x tJ~ r; O)~*

7CO)miiJii:a=:/J,x*-rx=~)f ~£{ L" :: O)mlbii~:M9;:'7 7'7 A~~:a=:

~ ~~, *5* ~ GT (3-2-16)--(3-2-25)j;\;tJ~*~ r; n, :: n r; :a=: M@]~~-)v 2

)v*0)l@mlb~i1.:c7)vC GTfiJffl9Qo

(3-2-16)
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ZMi(S) = X'Zi(S) + (1- X) 'ZMr(S) +(~- Xl, ~Mr(S) - gj(S)}
1+Le

gMo(S) = T(S)'gMi(S)

(3-2-17)

(3-2-18)

(3-2-19)

gSi (s) = e-TBES g Mo (s) (3-2-20)

ZSj(s) = e-rBESZMo(s) (3-2-21)

gso(s) = f311 • gSi(S) + f3 12 'ZSj(s) + f313 'ns(s) + f3 l4 'ds(s) (3-2-22)

Zso(s) = f3 21 ' gSi(S) + f3Z2 'ZSj(s) + f3n ·ns(s) + f324 ·ds(s) (3-2-23)

gMr(s)=(1+Le )ILe 'gsi(s)-lILe 'gso(s) (3-2-24)

zMr (s) = (1 + y). ZSi (s) - y. ZSo (S) + (Y-1 / Ie)' {gSi (s) - gMo (s)J (3-2-25)

t::..tf.lv, T(s)~j: (3-2-14) JtC'~lvt::..~)vO)ifE-g-~mtJ~11~~9"~Ji~~C'

J;I'), Ie =GMr/Gi ~j:M~lt~~9"o

± +~ - - - - - - - - [( at) - (at) ] GMi
~/,-Y=ZsoGSoIZMrGMr,X=ZjGi IZMiGMi , {1}= iJG _ xZMj - iJG _ x-=--,

G-G GaG ZMo

~ = t(GMi ) ~Mj, {323 = ( ahz ) x !!s ~C' J; Q 0 =n!? ~~-g-Iv-c~ 3.10
ZMo aNs N-Ns Zso

I: M@]~~-)v ~ )vf5J~* O)**%~mtJ:CT )vO) 7' 0 'Y ? **~ ~~ Iv t::..o t::.. tf.

lv, X=ZjGj /ZMjGMi ~j:Zi «ZMiJ:: tJ"o"c lv-cv)Qo t::..tf.lv, M@]~f5J

~*I::J3v)-c Make-up JJi!f-+o)t&:f5J~11O)~{l::zi~j:~~O)±~t~~~C'J; tJ

(3-2-17)JtO)~-J1Hj: X •• 0 c 9" Q t> 0) 0), J31J~~i5L1JU: Iv -c ~ )vA Cllt~

iIDfft ZMi I: ~0)~{1:::il~{11JD Iv -c v) Q 0 C~ft; I: ~j: 7 :/ ~ {/-7 f5JWf:~J3tJt

(3-2-4)1*] O)f5J~J*J3t;iE~ k 7,))JJi!f-+ O)t&:f5JWf:fi I: J:: tJ ~{I::9" Q t> 0) c Iv -C;iEJ:\

{1::9"~~C' J; Q 7,)), ~~@]~O)~W t> J; I') fJ:n c t~ Q t::..~MIIl&{1:: Iv -c =O)~

I::CT)HI:: Iv t::..o )

~ !? I:, NO.1 ~ )V7,)){l~ltIe =2.73 O);iE~:jj(~C'jlf:it:p O)~lIJ ~~X,

~~*8*J::1')*~t::":CT)vl*]~;iE~O)~~f~~£{3.31:!€!JIv-c~L,t::..o

-30-



+~r

9Mi

9so ZSo

f c +
y

~r . + +
1

9Sor-~
+ LC

+

9Mr 9Mr
950

+
+ + +

Disturbance

'-----.....+.611+~C ~ +

~$iJif:l;(ton/h) ~$lt~iIDfl ~)E~,tl't=:~rl3'(h) -t/\ V-:$' ¥.itt
(cm2/g)

Gi r= GSo .. 21.33 ZSo .. 3170 f B ... 0.3 Pl1 -= 1.0, P12 r= 0.844

GMr -= 56.57 ZMr .. 1059 'rBE .. 0.013 P13 = -0.961.

P14 .. 0.573

GMi = GMo .. GSi ZMo "ZSi .. 1637 P21= 0.0, Pz:z .. 0.238

.. 77.9

Lc =2.69 ZMi .. 772 p2J = 0.281. P24 .. 0.0

~ )ltmi!fii~~Jm y,X

a 1 =-0.309 y .. 1.13

a 2 .. 0.364 X=O.O

t~s, -t/'\ v-?7 0)~'!1~~9, (3-2-22), (3-2-23)JtP'J0))E~Pij O)lfif~~

1i/iitH:::H ~ l ~~, {tj!J{ 3-B ':/J"d,/ t.=o
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3.2. 4 1m)\.t-7°liJ~tto):/ ~ .:r.. V-:/ 3 /*5*

M@~ffl~*~~.M.~GT~~.~,~.~~GT~, ~~~E~.

ffl"t .Q t.:~ 0) ~ )vim l:fj imil:~ t.: ~j: ~ )\.t l*J frfHi:li ~, ~ db 0) db~ ~ t~.Q ~ffl ~~

~ iIDfJi'1:' 6;.Q 0 ~ t.:;: 0)*'::t::Ht.Q ±~t~91-~Uj:, ~ }\.tI*J$~:/ .:r.. - r- $'1:'

O)~~ IJ ~0)~1t~~~~91- "ttHi, ,*~O)~ffl~'I1O)~{~iO~±~t~:t0)'1:'

cY.> .Q 0 .:c;: '1:' , ~)\.t*0)±~t~1*if:~ '1:' cY.> .Q, Make-up im:li ~ 1::1\ v-:7 @J

E~, ~ r;':91-~L~ GT Make-up ,*f.f0)~ffl~ttiO~AT~7°~':~{~Gt.:

~~0)*0).£t~~:/~.:r..V-:/3 :d:J: 1J*~t.:o ;:nr;O)*5*~~ 3.11,

3.12,3.13 ':7J' Gt.:o t~:J3:/ ~ .:r.. V-:/ 3 / 0)1J~ ~ GT, MATRIXxVersionS

~fljm G, ~ 3.10 0)7'0 ~ :7**~~.:c0)~~MATRIXx O)-t:T)V{~O) CAD

:", ATb. '1:' cY.>.Q "System-Build"l:'1~,,* G, Runge-Kutta-Maison ~~: J:.Q ""iiJ~

:I- ~ :"'.:r..~f~~7.H~~~~fljm GT~f~m~*~:7·77{~Gt.:o

;:hr;O)*5*J:IJ*O);:~ffi~A.Qo
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(1). Make-up mti!O)ffi;1]otJ~~*5t~O)

~$ 0) mti! 0) ffi tro c It£{ fi'fi ffi 0)
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fi'fi fjf ~;t ffi;1]o G, m t) *5t 0) mt fi :t
*t-: ffi;1]o "9 9 0 ;: 0) t-: ~::: )vmt
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(3). ~r~O)~*5t~tttJ~ffi;1]O"9 9 c::: }vmttH*7.ttJ'r*IHtJ) <t~ t), 5C t) *7.tO)mti!~

Y c .tt~ fi'fiffiO)ffi;1]o ~ 51 ~~;: L" ;: htJ~::: )vmtA*7.t ,:~)i ~ h -r 2)v

tmtH*7.t~;t-~*HltJ)<t~-::>-r~~< 0 ~*5t~tttJ~ 10%AT'Y7·:fj(':J:Jf.9~

c~tPtJtm:iU;tl&1~a9~:-.§.*~ 3%..tJf."9 QtJ~liU~a-~H:7A/\7"/A ':J:.?

-r7CO)f~~:1&* L, -r ~~ <tJ~:r:O)1&*~: ,;t*~ 2lf.¥fa'~~ G-r ~~ 90

3. 3 M@J~~-)v:::)v*7.t~*O)ffliJ1JlP75~

tt*J:. t) M@J~~-)v2)v*':~ffIi"99ffllH~jjj;\;cL,-r,;t, ~$O)mti!

O)~;iE{tc::: )vl*.JC'O)~f4O)M~~~J.I:"9Qu.}~(tJ) f), ~m~j!tlO)~i&1~

mt~-;iE,:f*::>:::)V$l&1mtfifflll~I{>,l' "/1\7 r-71' "/tmfim-~fljJf.lG-r-t

1\ v- 5 tJ) f) 0) fR t) *Jj ~-;iE~: f*::>tI~mti!ffllJ1JlP, ::: }vl*.J O)?*if~ {:.&lt19iJ

"99::: )v*f*tJ) c; O)M:M~ ~-;iE~: f*::>ffliJfiIP75~~tJ~~Jf.l ~ h -r~t-: (t$f~L

1977) 0 GtJ) G;: h f) O)ffliJ1JlPt-:~tC'~;t, ~r~O)~*5t~'!1tJ'r~{tGt-:~-g-{:M

IDJ 0) ~::: .:L v-~ 3 "/~*tJ) f) :tTiJ!IJC'~ 9 J:. -5 ~:, ~tPtJO)fil~~+71 ,: J:.

~ tPtJ~ O)~{t{>, ~0)~-g-0)i&1*5t~~: J:. 9 tPtJjt~'& c ~J.J$O)ftf""f ~m<;: c
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~::tJ.~o ft,q ~J:, ~ 3.14 ~H::7J'Gt.::;t/71' /l:fIJffll:~~~~~i&J$~::

et~7"v-/g.f- (*~, 1978) ~~fflI.h ~fH1Jlt~OOfl~m1Ew!lfH::f*!>,

&~oX:tc1Eft C: ff6* C: G""( O)~!!1i~t.1m* ~g.f-? t.:: ifjIJftIP1Jit C~~, 1979)

O)~~~[t@jG, =IiIl:*~t.::M@]~~-)v.::. )IIO)IfJ~i1::CT )II~~?""( ~
9':/'::' .:L V-:/ 3 /~:: et lJ..'f O)~JJ* ~~i;f Gt.::o ..'fO)ff6*&~O):t(1E{tt-: ~t

l:~<M@]~m~*O)~!!~t.1O)~~ffim~l:~~~C:~.~~~~C:ffil:

~ t.::o ~ 0)ff6*~~~0)f±~~fm~7·D -t'A ~::)iffl GAtfftJ.*6*~.~;g Gt.::o

~Tl:~..'fO)MftIP1J$C::/'::'.:LV-:/3/ff6*, ~~l:O)~ftIPM*~m~~

~o

3. 3. 1 f1jU1illJ1Jit

fIjlJ1illJ1Jit 0)*~~ ~ ~ 3.14 ~::7J'T 0 .::.)v 0):t(1Eft 0) t.:: ~ O)fIjlJ1illJ)v- '1' C:

G""(, .::.)II Jm i&J 7mi! ifjIJ 1illJ ~:: 'A .::. 'A 0) ts t.=' IF.¥ ra' 1m11:{i~ 0) PI f1jU1ftIJ ~~ ffl G,

~&~t~TmfifljIJ1ftIJ* ~J: P fIjlJ1illJ C: ~FT~?~~$~#f'?*~pX; C: Gt.::. ~ O)~FT

~f~~~J:Jt~Tmfj{ifjlHifIJ*~:: et ~:±~@]e~O)~{t~:: et?""(~ G~ ~ IJ mO)

Bucket Fines
elevator

(I) "'t ;.;~? 1:!itn~1l2

(2) ~:$tfl!1: 200£ 0)!it'4~JII~1:!Jl-I:itA

(3) irl~ 111:~;';~I:J: ~);al*~.t.llIifSI:~L.

~~~~~O)!itn~-~~a~ffqT~

(4) ~I~fl~.t.1lI~SJ: ~J 1'"fl~SI:;al*~~L.
-~.O)~~~!it~~~~~!~~.

(5) 1'"111;;<;fl! 0) A "T-Jl-1J( 0 s1J''; A .Q f: ill'" ~
~r.'~ltllL, !tfi~tli!l:mJ[l'"~.

I
I
1
I
I
I
I
1
I
I

- I
-~"-----_.1

J BE motor
t power signal
I

Set value Cor BE
motor power

Set value

for fineness
I

---0-- --,

Weighing

1- ,. -D" feeder
X I '~

';C.l-D---~
1+ -ll...----'l
I New feed "'''l...-~.v-

I
I
I
I "PID" with deadL. _

time compensation
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ViE:i;~ JJJ ti~ , 2.) 1-- im J!ffl i1rt:i;~J ~l*(J) 5i- %L {: t.t. Q ::. c ~ ~ r; tJ~ c: ~:H !, m"9 t~

~ {:~~t-c lt~ Q 0

3.3. 2 ~ 2. .:r. v-~ 3 :/*5*
~ 2. .:r. V- ~ 3 :/*5*(J)-~J c G-C~AJW:~(J)~*71fitf11n~A T ~ 7~{:

J:ftGt~~i5-(J).Lt~~@ 3.15 {:/J'"9o :.O)*5*{:J::QC, ~*71fitf11n~ 10%

J:ft"9Q C 2. )1--(J)~~1.J "9 t.t.V !, JW:f..}(J)~Aimil~*~ 6% f3 jJJB~.H:J: ~f1~Q ::.

C ~/J' G-Clt~ Q 0 ::. 0) ::. C ~~L .bt~iIDff(~l~* ~~tl:it9~ fflifflJ1ap* (J)~ c:
~~Gt~~i5-O)@ 3.16 {:ltt<G, *~ 1.5%0)9l11:!~~1.J0)~J:~t>t~r;G-Clt~

Qo ~ r; {:, ~m5i-%Lc G-CJW:~O)~*71fitf11n~lEJ~.11B-§'~ifO)%C:~{~ G

t~~iiO)~&~t~iIDff( Zso ct~HFiic G-CO) Make-up ifttii Gi (J)~~~~~

~tfX Gt~i?~, 7 v- /ifflJ~ ~1iffi~ tJ: lt~~i5- {: ~tt<G-c, ~&~t~iIDfl Zso 0)

~~f$~i?) 65%iJ9t1> G-Clt~ Qo *t~, ~FT~iJij:~$(J)t:J.J*c G-C;: (J)~ii,

~FT~iJij:~~~~t.t.lt~~ii~:.btfXGL7% Zso (J)~~~~~iJ9tj-,~it? Q::'

c ~1it~ Gt~o

r-:; ZM/,- :
Step input adding 10 z",;

1.0 :

g;

· . , .· . . .· . . .
0.5 ••••••• ····f·············f·············f·············~·······.....

, ,

1 1.5 ··Z·········1'···········1..·····'..
E "o ::c ..
";;' Step input adding to ZMi
~ 1.0 : •

'"'C

'">
'"'"...
c.>ei 0.5 ...••..•••L··j·····..·····:·······;.··· . .
... "'" "c "o ::
c.. '.'" ..~

~ ~~
E 0~~::j==j:~:=t==:::=::T==1f= "---: 'JIl :

1006O'Ti . 80IDle (mm)
4020

@ 3.15 ~FT~~~~~tl'

*,J ftIll*0) 5i- %L.Lt~

~ 3.16 $il fiij~J ftIll*0) Jj. 0)

~ii(J)5i-%L.Lt~
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3.3. 3 ffilHij:1fJtO)~tj't1~~TA r- *5*

J::J2 0) ~ ~ .::L V - ~ 3 /' f: J:: .Q -lit ~~*5 * ~ :t C f:, 130(ton/h) 0):7 I) /' tJ

m~ 2)v f: * ffilHiEP:1f it ~Jiffl G t::..IJ\~ O)*5*O)-~tl ~ ~ 3.17 f:~9(~*,

1984)0 ~tj-r~J:~2.::L v-~ 3 /'cI~H~jjpt~1&n.Q#RtJ:JJ¥-f-l-~mUtftto)

~{~ ~~ttf9.Q :: C ~J:tf:H~E:tJ:1,)) J t::. 1,)\, gf~tjffiIHiEPJI~Wj Fa' r:p -~Fa'FJJ lWi-r

=BOOO)OO~~-~J::O, ~••9~b~tt~®MO)~~~~~,~O)~~

f~ 2800(cm2/g)f:MG, ±18(cm2/g)tzI*H:trl];t.Q::C1,)\t:f:BI~t::.o~Gf:, ::0)

Wj Fa' r:p f: t*1& G t::.~ - ~ 0) - $ ~ ~ 3.17 f:~ LJ::. 1,)\ , JJ¥- f-I- 0) 1B{mUtf 't1 1,)\ rPJ

J: Gt::.~-g-f:-t!\ v- ~ ±~@]~~~iJPXj;'~ it, ~0)*5*C GT~mifflHiEP*

O)-m~~f:J:: OltU~a<Jf: 8(ton/h) {130(ton/h)0)~~9l.1f:!.f:MG*~ 6% }0)9l.1f:!

~~~rPJJ:~itm.Q::C~~~J~O ~~, ~tjO)gf~tj~.O)~.~Wj~

ftm~.*5~, ~~®M~.*~30~-r~.Q0 *~tt~®MO)OO~~2

~Fa' 1Wi-r1TV), 1Jl,lJ~~~0)~. ~~ <t::. {j) 30 ~Fa' 15 @] O)~tJTf~ O).IfLts.Jf~ ~

ffilJ1ff1J. C GTflJffl GT v).Q 0 =- O)~-m-lit~~iFa*1,)) G, *ffilJiif~:1frtdJ: 2 )vO)~

~~~t-=~t-rtJ: <, mIiO)~Jj]~tj/J\{~-r2".Q C C td:, 9l.1f:!fmtJO)rPJJ:f:

~-9-9.Q:: C1,)\-lit~-r'2"t::.o

a) c1in ker feed rate (0 - 150ton/h)

b) separator rotational speed (0 - 750 rpm)

c) mill main motor power (0 - nOOk''')

d) cement fineness (0 - 5,500 cm2/g)

e) hucket elevator power (0 - 150kW)

30 min. ~Time

-36-



.l2J-1:OX~mt~~ *5 * J:: fJ, ft -tt 0) fIjlI fiEP 15J:t ~j: M@J~ ffl iitf: * 0) :t< ;E{~ 0) .7). t.;

S"9, ~&.tt~ftmflO)~-{~C~0)*5*C Glffliitf:tJJ~O)[til1: ':~-9- GM@J

~ffl~*~~O)ffl~~+~a~G~o15J:t~~oc~xoo

3. 4 i%5 ~

m=~~~;t-t: j. :/ l' 7
0

7:/ l' O)m:ir-t-ffl~c {±1: ~fffliitf:O)=-:J O)$r~ ':flJffl

~ tLl~~ 0 M@J~iF-)lt~ Jlt*it~7°D-t:A '::M Gl, &~C GlO)~d1*ft~

O)~-{~ c*itiitf:tJJ~ 0) [till:~ § 139 c G t.: fIjll1itl115J:t o)~i";j ~fr '5 t.:~ ,:, ~ ,:

~O)ttJ~tt,:~§ G t.:#&J:t-1::7Jlt~f1!m G, ;E~~~:tf(~iI)S O)mttJii'::M

Gl~mttJ~tt-1::TJlt~m Gt.:o ~ S ,:.: ~ O)-1::T)v~fiJffl G, M@J~iF-Jlt

~ Jltffliitf:* ':.:.t.nr 0;;'~L-gt.;b~ m:ir-t-O)fJt*itiitf:ttil-r~{~Gt.:~-@I{:>. t~fF:i!

c GlO) Make-up rmiL -t:/\V-~±$!IJ@J~:&~~£Gt.::t~-@lO)~$O)m

iimEii C: .tt£riIDflO)~{~:B J:: v:.:ctL S 0)f§1[T~ ,:.: -:J~) l ~ ~ .:x. v- ~ 3 :/

,:.: J:: fJ m Gt.:o ~ S ,:.: ~ 0)*5* ~:t C: ,:.:ti~~ ?iifflftl1itll C l:r.~ ffJflffilJiiflJ ~mpt

G, iI)-:J~tL S O)flfIJ1if1J*O)r~'O)T~~~ S iI) G~fmfl9 O~FT~~~~"2i~

t.: ffilJ iiflJ:IJit ~ fItm G, ~ ~ .:x. v - ~ 3 :/ ,:.: J:: 0 ffl iitf:5lJJ~ 0) [til 1: 0) iii~*6* C:

~m7°7:/ 1'~O)*5*~ml!FJ Gt.:o *5~c: Gl~&O)lt~iIDff{O):tc;E{t~~

ffl90 C c::t ,:, Fii.I-~{q:~0)9l1!Ilm:t.J9t.;t:>~*51WtJJ~~~/\-1z:/1'riJJ

1:-r~ 0 ~ C: ~iii~~ Gt.:o
2:.tLSO)~~~~~X. &f~O)al~c: Gl~j: 3. 2 ir.i~mGt':~AJ\7

:/A c~iIDflJ\7:/ AJ:t~~O)~ ~fJJffl G. N~ 3-C ':':f1!m Gt.:m~Jm!l C:

1z/\v-~O))1~~11O)~F~%~11~~lIGt':-1::7)ltJt~fljffl G, ~F~~JJJ

~11-1::TJV~~~90 ~ c ~~ 00 ~ O)J:: '5 t';-1::7Jltil-r~~~~tL~f, J:: fJ

~~O)~ ~~f!JII~J:lJitO)~~-t{:> J1;.~rH1 ':.:t:>t:: 0 flz~11O)~;E ,:.:fIJffl~~ 0 C:~

X StLoo
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:; 1
u

o 5 10 15 20 25 30 35 40
-t/7/L--t~U&~ra' (min)

{t~ 3. 1 -~2. )v~f"}O) CaCI2.~7.HJT*5*

Y(z)

x(k), y(k) : 2.)VAD· ill 0 CaC12 mE.

x(k) jf\-)vV @]~
f-+

2. )v y(k)

H(s) G(s) I/-:X(z)Y(z)j _ k"" C oz-j
jX(z)- j

J-

{,j~ 3010)7-5' J: IJ 2.JvAD . lHOrf3'O)1' //\)vApj)~~*~~tJ;;L

{;j~ 3. 2/:~?-Ci~!H?c*~I1M£~i1IfJJ,H/-C*~~o

HG(z) = Y(z) = (1-z-l)oZ[G(s)ls]
X(z)

etlJ

Z[G()I ] Y(z)
s S '"' X(z)o(l-z-l )

... Y(z) {~ Z_k} (3A -1)
X(z) f:6

c ~ ~, (3A-l)~: {~A Gff-~

~ JttJt"t::> C,
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c. =h. -h. I', , ,-

(3A-2)

hj 'J:JE~J:: ~ ~~O);z.. T 'Y 7°~~0)~~f~C'60~o -151 ://\)v;z..~~O)~

~f~C'60 ~ Ci ';t""f~2(3A-3)j;\C'*9" ~ C ;O'\C'~ ~ 0

Ci =t~:)aTg(T) ·dT 5! .1T· g{(i - ~) . .1T} (3A-3)

Ci ,;t, A tfj 1J O)~~f~ J:: ~ ""f~2C'~**/st) ~ ;: C ;o'\C' ~, 1Jt"? T(3A-3)j;\ J::

~ ~~0)1 :/ /\)v ;z..~~ get) O)~~f~ ~*/st) ~;: C ;o'\C'~ ~ 0

Co = y(~(O)
_ {Y{.1T)-x{.1T)·co}/

CI - Ix{O)
_ {Y{2.1T)-x{.1T)·c\ -x{2.1T)·co}/

Cz - Ix{O)

{Y{i.1T)-~ x{{i - k).1T)· ck } /

Ci = X{o)

~J:.0)~-U;0):t> C t:$i1'lF.¥ra'5:TW ~*/st) ~ 0 x(t) c L- T 2. )vrmAO) CaClz

iJrtfi, y(t)~ 2. )vtfj 0 0) CaClz rmfi c9"tUi, j;\ (3A-3)J:: ~ $i1'lF.¥ra'5:TW:a:

*/st) ~;: C ;o'\C'~ ~ 0 -157Jl,IJJEf[~J;t~ ~ *7t c 2. )vtfj 0 0) CaClz t#!~C' 60 ~,

;: tl c; O)~~f~ ~ xc(k), ycCk) C*~2 L-, 2. )v)fll)&}iJrtfi:a: G (ton/h) C9"~ C

L -
x(k) = C ·G 'xc(k) (3A-4)

1+Lc

y(k) = G . Yc (k) (3A-5)

J:: ~, x(k), y(k)~~~9"~ ~ C;o'\C'~ ~o t~t::L-, Lc~;t CaClz :a:~A L-t~~

~~~O)M~.I:tC'60 ~, 3IJ~~,~.1.I:~~~t:: L-t~J\:7 'Y r-.I. 1/-"'-:9 O)~f-t

O)fiJ:: ~ 1l~C'~ ~f~C'60 ~o *t~, t = 0 C'O) CaClz O)~A:fix(O) [kg!h]~;t,

x(O) = CaClzO)~Afi [kg] (3A-6)
"if:/7")vrfJ'~ [hI

J::~*/st)~;:cffiC'~~o ~J:.ffi$i1'IF.¥~5:TWO)~~15~C'60~o
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~h~~~~~*~~a~~.~GT. ~~~~~m~m.~tt~wm~

5.2.ll.t:~{t: ~ it ~;: ~ iJ~~,~~ tJ ~ iJ~. ;: ~~tJ~.~j:-~~1:/F"iiJfi~-c'~

~ 0 ~;: -c'ft!!~~.*5:W:J:: ~ -r:~2~=¥JI~-c'.:cT}vl*J~~~m~ Gt.:o @ G.

mt~m~~~7.t:fP~j:~.*5:W:J:: ~. Ro=100exp(-b·17I.22)~ Rosin-Rammler 7.t:fP

I: 1Jt -j :t~ c Gt.: 0

1).-t/\ v- '5' ~~f71~~ItJi*~ (f311,f321, f317J (322)

t=n~~.iJ~~{t: GT :t7.t£1Z$eB~~j:~{t: GtJ lt~ c~~G. ~~m~tt~iID

miJ~-~~~~~j:. ~ 3.5 ~~~~i*J: ~*li:~7.t:fP:t~{t:GtJlt~Ci&:~9~o

~ h ~ ~~fttJ:: ~. f3//=1.0, f321=0 ~1~~ 0 *I:mt~m~ .It~Wffi~.7}.iJ~~

{t: Gt.:~~~#t\j=¥JI~~-r:~29~o

CD.1MF,~ili<-c' Zsi ~~~/~C ~ 0

~.~ 3.5 J:: ~:Mpt\9~*ft~7.t:fP~ 20lJ11l ~!7.t~*~~o

@.-t/\ v-'5'mt~m~Rosin-Rammler 7.t:fP~~~~o

@. ~ ~~~ml::M G. 1tJ{'F/~-c'~-t/\v- '5' 7.t~$HE~J:: ~ ~ffl~ 20lJ11l

~~7.t cml~.It ~*~ ~o

@az~T~ 3.5 J:: ~:Mpt\9~~ffl.lt~iIDm~*~~o

.l2J-J:J:: ~. f317Jf322 ~*~~ ~ ciJ~-c'~~o :M~c Gt.:ItJ{'F/~-c'~gf~*5:W:

~j:. f312=0.844, f322=0.238 -c'~ ? t.: 0

2).-t/\ v- '5' f~f'F~ftt~~liJi*~ (f313Jf323J f3141(324)

-t/\ v- '5' 7J,t~m~*ft~7.t;{fJ ~ltJfF/~~--:J I:~~G. ~.*5:W:J:: f'J *~ t.:

@]~~. '5"://\OO~~{t:I:J:: ~7.t~$eB~I:1Jtlt~. J:~2=¥JII¥i®-®~:J:? T.

*~~;: ciJ~t\j*~o *5:W:~j:. f3IJ=-0.961, f314=0.573, f323=0.281, f3u=O.O -c'~~o

3. 2i1J-c'~j:. M@]~~-)v2.)V*~"?AJ\7:/A~lt~Wmr\7:/A

~Jt~ (3-2-1) JtiJ)~(3-2-13)J:t-c'-9-~. ;:n~~J:t~~~~E~~iJ)~~

mltJ:i;~:M~I:~~ItJ~f1.:cT)V~*~t.:iJ~. f7.HtF~~~ ~ 7.t~~ttl:~ G
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(3C-3)

""( J:: ~ ~*t~~F~~.:cT )VJt ~£j.;t ""( :t:Ht~;!, ~~J:: ~ ~*t~~F~~ItJ~f1

m-~, ~ ~ ~:~'j:M@J~*'Jif:*O)$:51~m~O)~~f1m-~~: t>fllm-r~~o ~

;: -r;:n ~ 0)~f1':":JIt~""(W.r':~!!9 ~o

1 fflif:O)~a!Jt

1m @J~~J:: lJM@J~':%t> t; 9~-)J.;~ )J.;O)ffl1itFi&I~~~9~a!Jt~W.r

,:7J'9 0 ~ -)J.; ~ )v I*J if::r.{ O)*1i:l3t:51m ~, *1i:~ 77 ~:M9 ~Wl3t rMI~ [(ry) c

G, fflif:~:J::~~O)ItJB9~{t~~;t~o itJB9t~~a!Jt~j:, :lAO) (3C-I)Jt-r

£j.jt ~n~ ({9iJjt~;! Keviczky, 1989) 0

df(ry) = -k(ry). [(ry)+ f .... B(ry,~'yc(~)d~ (3C-I)
dt Jo

t~t::G, k(n)~'j:~)J.;1*J0)*7.tif:J!l3t~~t>9~tJ(fMI~, B(ry, ,)~j:tli

~ , O)if:~iQ~*Y:~ry~:t~~~$ ~~9ffl1itF:51mfMI~(Breakage function) cll¥~;!

n""(It~~o

(3C-I)Jt ~tli~O))t~tl~1m i -r1W~~7J'9~ 0 9t~t>"5 OO:~ryj cryj.] O)Bilf EI

(BilfElO)mlt~{pIJJ:: ~*~{1~t9~o 9t~t>"5ryl < ryj) O)rB'~:A~£:i\)t$

~ /; C: 9 ~ c:IAJt-r~t>it ~ (Olsen, 1972 ~ t~ ~'j: Keviczky, 1989) 0

~ = -kJj + t B(i, j)k j f j (3C-2)
f:1

B(i,j)kjfj ~'j:, j * EI O)*Y:~*BIH1O)1itF~iQ'1 i *E1 O)~IH1O)tll~~:~t>~:i;

~~t> G""( It~ ~ 0 ;: O):51mrMI~B(i, j) ':M G""(:IA O){&~ ~~ <O)iQ~-~Et-.J-r

if; ~ 0

(1) B(i,j) ~'j:'fflf!: dj, dj O)~M~':~j:fMI%it-r, 'ffl~lt d/dj 0)Jj.~:

fMI%9" ~o
(2) t:m iQ) It ~ *Y:TiQ~IHj{;~~: J:: IJ m<t~ ~ ;: c ~'j: tJ: It ~ 0

W.LO){&~~~<c B(i,j) ~'j:r~20)~ct~~ 0

B(i, j) = 0 , j > i

B(i,j)=bj _ j ,i~j, i<n
ClC

B(n, j) =bn_ j = 2bk
k-n-j
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~ ~ '"C'*sL~?1;(P0)«7 !--)v£{~f = [fl'f2,"',fnt ~flJffl9QC,

df = -(1 -B)· K· f (3C-4)
dt

~ =. ~:, K = diag[kl'k 2 • ··,kn]

bo 0 0

bl bo 0··· 0
(r=~fT~IJ)B=

bn_1
bn_2 bo

(3C-5)

(3C-6)

9tJb-s*sL~?1;(P0)I1JfHt~£{~«7 !--)v f ~:t7(~~fx:c9Q:t7(~15~P:;0)~

'"C'.2 )vP'J O)*51UtfJ&I~ ~£{b9 ~ c 1J{ili*Q 0 B, k 1J{lF.¥r~, I:~ G-r::f~tJ~

fx:0)~.g.~J:, (3C-4) p:;O)m~J:.& < ~ C;n-r~)Q~I:*P:;ctJQo

f(t) = f(O)' exp[- (1 - B)· K·t] (3C-7)

(3C-8)

2 M@J~~-)v.2 )vO)*51UtfJi~P:;

*I:M@J~~-)v.2)v7° 0 -t A 1:.8~) -r*51Utf I: J:: lJ ~-)v.2 )vA 0 O)Utff...l.

O)*sL~1J)ili 0 '"C' cO) J:: '5 I:~b Q1J), ~ t=.. cO) J:: '5 tJ~*1J)~fi9 Q1J)~~

;t Qo 1 :rJH:£·::J~ M@J~~- )v.2 )vl:~ G, *51Utf?1;(P~~ c~tR~~O)~

~{&~ G(3C-l)P:; 0)~5t15~~ ~fift. < 15~~, (3C-7)P:; ~fT~lJiji(;Ji'"C'm < 15
~1J~~Q1J), ~)9n:t5t;(P~~~~tR~fx:0)~~1J{iF-1 /' !--'"C'~ lJ, ~O)~

~ "? t=.. :t 0) ~J:~tH) 0 ;:: n ~J: ~ nC;O)~~~:§[fnijl3"J1:31(~Q ;:: c 1J{ffiil'"C'~"?

~lJ, ~~O)~~T-~~~-r:t*51Utf5t;(P~~c~tR~~~?1~G-r~~Q

;:: c 1J)jii G~) t=.. ~ '"C'~ Q (fJffii, 1995a) 0 G1J) G, ;:: nC;O)~~O)~ ~(&:

~G(3C-l)P:;~fift.<;:: cl:J:: lJ, ~~P:;c G-r1~~~n, ~-)v.2)V*51UtfI:

It. < ~ffl ~ n -r~) Q 7 /' ~ v-7 O)*51~Ji~P:; (3C-8)P:;1J)*5* c G-r1~ C;

n Q ;:: c 1J) /J' ~n -r ~ )Q 0

R(1],t) (k'tm n)= exp - 1]
R(1],O)

t=.. t=. G, R(1], .) ~J:*sL~ 1] .l2J-J: O)*sLTO)~Ij.g. ~£{b9 ~fl5t;(P~~'"C' ~ Q 0

{jt. ({jtML 1995a) ~j:, M@J~~-)v.2 )v I: J:: Qf±J: ~j*51ii'!FO)~ < O)~E

~*l,:~.g.9QJ:~20)*51~Ji~P:;0)~f:4i:l3"JtJ.% ~ *P:;'"C'1~~ G-r~) Q 0
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w

(3C-9)

(3C-10)

k j

R(17,t) = eXP{-3.56XlO-Z .;.t.(~)}
R(17,O) 22.5

.; S! 1-exp(-~)
1.85

t:::.t::G, n ~J:*illl7.t;(fJIMI~O).I'(~t§'~, {f~;t~f(3-2-15)lto) Rosin-Rammler

7.t;(fJlt 0) ryt:M9 ~.I'(~t§'~, ; ~J: 4,um £J-rO)~W~'C'O)W~J*llO)fmlEJJt

'C'~~o

£J-J: O)W~J*lllt ~J: f±J:

~fW~ 2. )vO);E-m-jl~~~

O)~fI~,IJ~*5*J: fJ 1~ Gn
t:::.1MI~It 'C'~ ~ tJ~ , ~~ 0)

2.)v l*J O)W~ 'J:~;t ~~-g

2. )vl*J 0)~ f..} 0) 7* fil :ii ~: Jib

GLW»J*lltJ~~b ~ C: 2"

nT s fJ (EB 9=J, 1968) ,

{t~ 3.3 I:/Jd./ t:::.#JH:7*fil

:ii tJ~-;E f~ 'J:~ ;t ~ C: ti tiiffl

I:W»~j}~tJ~f.ff:r9 ~ ;: C:

tJ~ ~ Gn Tv ~ ~ 0 ;: 0)~~

llltO)1'm.IEJJi C: GL~1JD9

~ ;: C: tJ~11i!7J' 2" nTv ~ ~

(Keviczky, 1989) 0

;: O)1'mJEJJi 'J:fIJJf.l9~ C: (3C-9)lt~J:*lto) J: '5 1:7*filfiO)~{t I: J: ~ ffl»~1J

~tJ~~{t9~;: C: ~~11 Gt:::., J: fJ -~~t~ffl»J*~lt C: lTfIJJf.I'C'~ ~o

R(n, t) = aW eXP{-356 xlO-4 .;.t .(~)_n} (3C-ll)
R(n, 0) W;PT +w2 22.5
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3 1::/'\ v-~7t1S!k~'I1O)~~~

-t 1'\ V - ~ 0) 7t 1S!k~ '111: -:J v~ l :t~<0) ¥fl 'Er 1J~ t~ ~ tllV ~ Q 1J~ , 1:: j. :/

l' 7"7:/ l' -r-PRB"J~:fljffl~ tllv~Q_~O)1::/'\v- ~ {"!T1' 7 D:/.I.y

-t/'\v-~, ft~D-~l*J.~.I.Y-1::/'\v-~(pJ5db~ O-Separator) ,

A ~-7/'\:/ ~~-t/\ v-~} ~:;tt~ GlfIJffl-r~Q T~cO)~~~1J~t~7J'~

nlV~ Q (fJJii, 1995b) 0

(3C-12)

t:::. t:: G, 1J~;t7t 1S!k~~ ~t9'~~ 1tf: ~: m*7J 1ll1J A.. ~~ tB ~ tl Q~Ij -g-"9 t~b

~ 7t~Ij$, 77pc~;t 50%7t~*iL1i, 7d;t7t1S!kO)jl ~ ~~b"9 1'\ 7 j. - ~

-r 65 fJ, 1Jc 7r I: -:J It ~ l ~;t1::1\ V - ~ 0) ~JJIJ c "!Tl' ;(1:.Lt c: l .I;). T

O)~~~1J~lf;t C;tlllt~Qo

"!T1' 7 tJ :/.I.Y-1::/'\ v-~ :

Gs·t! =1- exp(-190x-')
Qa

n ~ 7 x {0.60 x exp( - 228 x ~: )r
O--t/'\v-~

(3C-l3)

(3C-14)

Gs·t!=1-exp(-36x-')
Qa

n -7X{0.80X exp( -94x ~: )}"

t:::.t::G, GSiJ Qa ~;t~.q-1::/\v-~-"~A 9 Qiitfr-tim. [tonlh]c

7t1S!kffl ~~O)1*fJiim:i; [m3/h]-r 65 Q 0

.1;).1: ~:7J' Gt:::.*7Jiitf~~~(3C-ll) c 1::/\ v- ~ 0)7t1i&~'I1(3C-13)*t:::. ~;t(3C

14) ~~ flJ ffl G, *)( c FiiJ~t~~ ;t -r 65 Q*iL~~ 1HI1:f§ M3 9 Qiitfr-t 0)~A 1'\

7:/A ~~;tQ ~ c I:J:: tJ, M@JlmiF-)v 2. )v*7Jiitf7·D-EA~$O)tLJ.lmpx:

~*7Jiitfc7tml:~9 Q~F{@m~'I1~~lI Gt:::.1:-rm-~"9 Q:' c1J~tlHI~Qo
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(Wii:7t5A, 1995a): "~1.), r-*5t~ffl7~-7·~)j;~:t>~t~*5t~ifll):\;",

{~~I~~)(~,21,657-665

(W.-:7t5A, 1995b): "~1.), r-ffl*~f!,fj@J~*5tWf*~:t>~t~*5t~ifll

/\:7 1. - '5 ~7t~~JJ$n~*5tWffj~:t.1 ~:Bd£9~W", {~~I~~)(~,

21,666-673

(}lID :ei{zfi!i, 1964) EB*1BJtf:fJ : ~iltg1:!tt*JX.(31)-tft~-, p.61-70,

:Joj-f±

(Keviczky, L., 1989) M. Hilger and J. Kolostori : Mathematics and Control

Engineering of Grinding Technology - Ball Mill Grinding -, p.13-31,

Kluwer Academic Publishers Dordrecht, Netherlands

(1*f*7C=, 1977) ~#{~~: "*5t~", ;;t- r- 1. - ~ 3 )', 22-9,35-40

(=:~~tt, 1965) : "f!,fj@f~*5t~j§fjO)~~Et-.H!Jf~", {~~I~, 29, 113-118

(Olsen, T. 0, 1972) and S. R. Krogh: "Mathematical Model of Grinding at

Different Conditions in Ball Mills" Trans. AIME. 252, 452-457

(/J\m*-, 1968) : "f!,fj @J~7 ~ -7· ~ )j;~::t:5~t ~~*5tWf~O)mHiMHa'

7t;fffO)MtT", {t~I~, 32, 1026-1033

(*~~~, 1978) m: ~ )'"!t~ffl{j!~, 'M±T7 J ~AT J.:,., p.793-794

(~~Jf=, 1979) : "f!,fj@J~*5t~*O)ifj1I~:I5$", I~FJT~*i]1;~

m955742 ~

(~~fi=, 1998) 4J}l1 {~, Jtf~~: "f!,fj @J~~-)j; ~ )j;*5tWf* O)ttJ~tt

mtJr~ ftIJ1iIP", {t~I~~)(~, 24,5-11

(Rajamani, R., 1991) and J. A. Herbst: "Optimal Control of a Ball Mill Grinding

Circuit -1. Grinding Circuit Modeling and Dynamic Simulation",

Chemical Engineering Science, 46, 861-870

(~*tw, 1975) ~~Jf=, q:JJllf~, ~*itf:fJ, #~_tftt£, fii*A-,
7kffif~: "f!,fj@J~*5t»*O)mtJr~*,J1iIP~::Jlt~L",}11~tt~fL 59,1-8

(~*tw, 1984) fPJl*fI_, $]~~i1, JtfJjj(~, ~EBJL ~tFf~iij, 1JL15t4!

=:nti1lili: "m-~t!*,J1iIPO)~~1.), r-7:7)' r-A.O)~ffl <.:cO)

2) ", }11~tt~, 85,82-90
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(B3 t:p)i~. 1968) : f5Jf*7D 1:A Ar~. I~~~tHll&:. p.117

(Tomaro, T, 1986) K. Miyamoto, H. Amemoto and K. Akaboshi: "The

Characteristics and Self-stabilizing Control of the Grinding Mill Process"

Preprint ofIFAC Symposium on Automation in Mining, Mineral and

Metal Processing, p. 42-47, Tokyo, Japan

(;fl]B3~:@. 1993) 7~B3~-, t:p*;j"~~. {Jljfj7E. -=~$)I:~. ~*~t€J

"f5J~:/ A T bO)~J1~~", B*~~~~~)(~ 59, C560

1109-1114
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m~~ ~~70~A~~$~ATbm~c

7°5 /' r-BtiOO~~~m

4. 1 ~j: c; &) ~:

=.-rm~F.l Gt-:#R~:-t ~ /' l'~m7°0-tA~:.s ~~-C, .:t-)v /'~A~;pJ.O)mpx:

~tb ~ ~~n~~:/J\ ~ <t!rJjt.Qn~n~, m~tJ:&~~~O)~~ ctJ:"? -C~~.Q 0 ~im~

)v l' 5' /' ~-t~ /' l' 0)~15--r~j:,

O)=":)O)~,§.PX:t~$~~~M~cG, ~J;t~i, .:t-)V:/~A~;pJ.O)*{if$ HM O)~

~~itn~ 0.027 J;I,"""F ~:tJ:.Q ~ c ~ §~ c 9.Q O)n~im~-r~.Q (-t ~ /' l' thb~,

1978) 0 2::.O)t-:&)O)~{flijC: G-C, *~~:T1' ~/,Jj.r\..,/ ~~~15-"'!t1' D~O)~

~{t:~§~c Gt-:~~c, ~nGO)~tJtt-:~t-r~j:1!P;t.Q ~ cO)-r~tJ:~~~}aj~

0)~~~t!rJ~9.Q~&), -t~/'/'1'ffl~;pJ.~~~O)~;pJ.~~15-G-C~Gn.Q2::.

c ~fl~~~:flJffl G. ~0)~15- Jt~iI~~;t, LJ"C=~0)~,§.PX:t~$~fI5IJ~9.Q

~15-fM1ifIJ~~n~ffl ~~ Gn-C~~.Q O)n~im~-r~.Qo ~"? -C7°5 /' l' M@j~~~:.

2::. n GO)~~O)~:JJ*~;;I§-li: G, .:t-)v /'~A,*;pJ.0)~JlPX:~ItJ~T7jtIJ9.Q ~ cn~tH

*n~i, 7'o-tAM@jJ:~b&)-C1f~:JJ-rcY.>.Qo Gn~G, Bed Blending (Gerstel,

1977) ~*~~:T1' ~:/ ~r"'!t1' 0 (Roben, 1984) 0)!1f5ERO)~15-~'11 ~*&)t-:{fu

~cY.>.Q~, 2::.nGO)7'o-tA~.h~b~~.15-~~T~~~~9.Q.~~~

~ t-: GtJ: ~~o *~~-r~j:, LlJ~f*m~*4O)mpx:~ttJn~~~15-7°0-tA ~~-C,

-t-O)~~{t:fFffl ~:J: I:J, ~~n~ ~:M~9 .Qn~ ~(:$:*~~:~~{t:9 .Q1J~~:":) ~~-C

~.r\.., ~O).mM*c.~7'5'/'1'-rO) ••M*~Jt.G, *~o)1f~tt~~

IDE9.Qo ~ G~:, ~O)~fnHt:O)M*c G-C, ~~15-~{flij0)~'§'px:~lbt!rJfI5IH:M9

.Q~:JJ*, .sJ:rF~0)~'§'h15-b~~tt~:M9 .Q~i-tM*~:":)~~-Cm~9.Qo

4. 2 [rJ-r~j:, ~9l!~{t:0)lJ£~c~~{t:~:~ G~A9 .Q{&~~:":)~;;I§-~9

.Qo 2::.~-r~~~. LlJ.-rf*m~n.Q~;pJ.O)mpx:~ttJ~N~, ~-0/,Jj"'!t/'

7')vO){t:$7t1ffM*n~ G*~.Q~~tJ1ii$7t;(p C:, iJA:O~7 5 '/ ~T-A..)I~

9.Q~·/'7°l' 5' '/ 70)¥U~~N~mh~b~-C£V~G,J\r;-A~7 1')v~~
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~f{~*36~jj$t::Jlt:l-C~I~W9~o *':77/ "~#4~9~~fI~ftfi, 9tJ:

bt,*.:c::;:r1' ::;/~lx..'Y ~, ffl~~)v, ~'€i"!t1' D, tE t;':~'j:i16J'€if!lil1fflJ~tI

0)~~~f{~::J It:l-C~2ue9 ~o ~tl t; O)~iifM]f{;O~*;ttHt, "iWueO)!\ '7-A

~7 ")v~~fM]f{ c '€ibit-C, E189 C9~:f)V /t9:AJJjHSto)*Ji~~IbO)0-ift;O~

r~2-r~):\{tlH*~;: c t:tJ:~o

Oj5 =~ j<Pjj(W) ·IGHB(jW)· GGM (jw)' GBs (jw)1
2
dw

_00

(4-1-1)

J2.C.l:O)~~{t:15$f:£:5·~, LiJ~t*mJ*r~;O~ t;:f)v/t9:AJ*f4;t-rO)~~~

~0)~~~tt~~~9 ~ :$"1' 7 ~/7 b~{j~7J'9 ~ c c :tf:, .l2J-J:O)~$f:et~

T?jtllgf-~c~#;i7°7/ "O):f)v/t9:AJ*~O)~~~~~~I:~G, *:15$O)1itJ.i

11~~~;g G t;:*5*~~~9~ 0

4. 3 irl-rf'j:, ~'€i7°D~AO)fJJ~gf-@H:J:~20)~tT:15$~)im G, ~m'€i

7°D~A ~MfiiJf:*JiJ}.'€ibit~;O~f::J~m~9 ~o ~f:Tm'€i7D~A -rf'j:JtI

~:15):\ cmt G~J}.:15):\, J*f4ffllJ4!:*f: fd:~-)v ~)v c~~ ~ lv, m'€i"!t1' Df:

~'j:/\ 'Y T):\ cil~):\~'€i"!t1'D~1* lJ J:~j, ;: tl t; ~mJ}.'€ibitt;:~'€iO)rJi~

~ItJO)T?J!IHOO: ~gf-. G, ~1iIfl0)~1'~~1336-C~i;j Gt;:{ffl*'::J~¥&15-9 ~o

tE t; f: 4. 4 irl-rf'j:, if6I'€iffJ1J1fflJ0):M~-r~~~'€i7°D~A;O~ 4. 2 irlO)~tJT

~*cG-Cttmtt1i@~~~13U~~f{~$~~*-r~~;:c~m~G, *_

~~~~if6I'€i~1fflJ*~O))i~.1fflJ*O)m~~O).AcG~o

4. 2 m'€i7D~AO)1ii$~ATb1WtT C~~, 1998) (Ozaki,1996)

4. 2.1 ~'€i7°D~AO).:cTJV{to).~

jgJ 2. 1 f:7J' Gt;:~j. /" 7°7 / "0){~~Ei97°D~A 7 D-f:~lt:l-C, LiJ~;O~

t;:f)v /~t9:A9 ~ *-r0)~ 7°D~A;O~J*~0):t$)Jf.{ttlfj~~1i G, ;:tl t; 0)7°

D~A f:1Jo;t, J*~~ )v7°D~A f:~1Jl9 ~Wij'€iffjlJ~~tr~1336-C -~89':~

'€i7°D~ACll¥lv-rlt:l~o =_-rm~Gt;:~f:~ffl9~J*f3H'j:, :09<:0, t5

±.J*~, ~:O, ~0-J*~0)4~~-r~~o~~J*f4-r~~EEi<:Oct5±J*~

~, 77/"~~.G~LiJ~-r~lJlHG. ~/7"7'Y7-r-*.~~~~~

9~o-*.~~O)tl~~0)J*~~~/x..~-r~~~, *.:c::;:r1'::;/~~'Y

~-r~~Jlf:~J}.:J't~;: cf:et lJ, :&WO):t$).{t;O~frbtl~o -r0)ft!!0)=*

JJRr~';t, ZIJ~~HBJ:IJ~AGltTil9~o -r0)~. 4f1O)JJR~f'j:, ffl~~)vwH:
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l~iirf£:.g.L" 2)V~:Slt~lWl~~1*'5*7J~~1T'5o ~ t~d:=f)V/~AMO)JJ¥

~*7J ~, ~.g--if1 DO)""F$I:~~~ffA "9 Q ~ ~ I: J: lJ Wt~~.g. L, l, ~px;M

O)J*f"}~L, llt~Qo

(1) ~~{~I:M"9Q1&~

~~{~~:~t:::.lJ~A L,t:::.{&:~~~""FI:~2"9o

(a). L1J~ I:S ~t Q~1*~ t:p O)j:PX;7tO)~tfJ~~, ~!¥J~: ~~ 7
0

0 ~ J:.? r- BtliID

0)*JJWH:1~ t;nQ~- 1) / ?0-if /7°)vO){~~7tffT*5*7,)) G*~ Q~*~

~, SJ: lF~*7t1&~ }fn~t:::.lEm7t;(fil:{tt'5 :t 0) ~ 9" Qo j:PX;7t ~ ~~,

EEkEt:p 0) CaO, t5±~J*;fBtt:p0) Si02, ~Et:p 0) Si02, ~7t1*~t:p 0)

Fe20 J --r~ Qo

(b). ~J*f"}t:p 0)=;ft,:PX;7t~1f.~~, j:px;7t~1fiil: J: Q-;ft,:@J~J.t--r*b

~nQ:tO)~"9Qo

~.L1J••m~~~~~"9QY/~r-5~?0)~.~~~~7~V/~.
--r, 7,))-:>~~~J, ~ Tra'O)JJ¥-f..}o)*JlPX;7t:ftH~B:lt~ 1:5gnL--r~ Q ~ 9" Qo

(d).*.:c :/71:/ / ~ "" ~ ~, 1*~*7J~2 )v, ~.g.-if1 0 O)~fj~tt~~,

~th7,)~~/J\--r6;Q ~ L,l~-m-~~7,)) t; O)mttJl:J:Q{@~~/F~.:cT)V--r

mf~ L" 7,))-:>~0)~fj~tt~~lt~9nO)JJ¥-~I:Slt~l:t 1iiJ-~9"Qo

;ft,:1:J:J20)~~89tJ:1&JE (a)"-'(c)O)~IDE*6*~m~"9 Qo

( 2 ) 1&~O)~IDE . ~i-t

(a) ±px;7tmpx;~IbO)~~7t1fj (~*, 1985)

fitffTl:{tffl L,t:::.~-l) /~7-~~~, .=.1;- OOIl9:tt!!I2S:~M~~:L" EEkE 1903

,rR.., t5±~JJ¥-~ 489 ,rR..0)7-~ --r~ lJ (Naigai Consultant, 1974) (Holderbank,

1978) , * 4. 11:lZ9PX;7t0)~~*.§.px;~~~wf~~~:tt!!~~~::iJ' L,t:::.o ~ ~ ~:E

EkE, t5±~1*~0)~.q. O)j:PX;7t--r~Q CaO%, Si02%0)l3£fJ:7t1fj~~~t:::.o

~ 4.1 ~~, 4:tt!!~~{i.$:--rO)EEkEt:p0) CaO%O)llfJ:7t;(P~:iJ'L,l:S lJ, ~~E

EkE 0) CaO ~1fj! 56%~l)H~fi ~"9Q Rayleigh 7t;(P I:ili It ~ ~ ~ 7,)~*,J Q 0 L, 7,))

L" §~~"9Qrf£:fjm~1*~.px;O)~~~~O)"~~~,.Bt.O)~~M~~

~\~~tJ:Qt:::.~.bl.""FO)~~~oo--r~~lEm7t1fjI:{tt'5 :to) ~1&)E9"Qo -15, ~

~2~~Q-:tt!!~--r~ffl9"Q~±1*Mt:p0)~~%0)l3£.7t;(P~~:iJ'L,~:t0)--r

~ Q;O~, sstl'.tl.iEm7t;(PI:mlt~~ ~:ZQ 0 ~n~~, -~~I:t5±;O~, jJ;t I)

71 r- ~O)~fjt5±jJ.t~~E~~O)/F~~ O)fJ.g.1*M--r~ Q ~ ~ 7,)) ~, t:p JLAi
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Plant Site Number Mean contents / standard deviations (%)

of upper: Limestone, lower: Clay material
Samples CaO Si02 Al203 Fe203

ENFIDA 231 50.3/2.46 6.18/3.08 1.26/0.57 0.565/0.248
/Tunisia 199 24.2/8.27 30.5/8.42 12.0/3.01 5.03/1.25

EL-ASNAM 451 52.8/1.10 2.28/1.08 0.557/0.37 0.702/0.463
/Algeria 104 1.52/0.696 56.4/3.01 20.0/1.59 7.86/0.932

KUBISA 412 53.3/1.89 1.58/2.24 0.685/0.804 0.186/0.36
!Iraq 186 28.8/5.86 26.1/4.40 7.27/1.51 4.29/0.913

AL-TAMIN 809 54.5/1.03 0.755/0.662 0.124/0.114 0.210/0.390
/Iraq - - - - -

Overall for 1903 53.3/2.00 1.95/2.35 0.485/0.595 0.365/0.39
4-districts 489 21.2/12.2 34.3/13.2 11.9/5.22 5.35/1.72

706560

o 0

55

SiCh%

o 0

45 50

TOlal number of samples
= 106,

a", =56.19,
0"", =3.325

0.16 .------------------,
0.15
0.14
0.13
0.12
0.11

>, 0.1
g 0.09
g. 0.08
~ 0.07

..... 0.06
0.05
0.04
0.03
0.02
0.010.1----..:::::;...-------------..;;::--""""

40

Rayleigh
distribution

52

CaO%

() 0

Total number of
U.3 samples = 1903

U.I

~ 4. 1 EEJ<EI:fJ 0) CaD

~1i.0)t{~7t{fj

~ 4. 2 ~±~*~1:fJ0) SiD2

~1i~0)t{~7t{fj

j)H;tf! ('8)1[, 1969) O)~tU:: t/CiEJ.~.7t{fj~:ili<tc!"? -Clt~ ~ t~.:t C;tl~o

(b). =~PX;7t0)±PX;7t~:J: ¢ @J~

1r~.:t ~tt5±~~f.f-rfj:, fl~O)f1iJPX;7C*;O~*8~f1iJm t G-C3t:ff G-Clt~ ~ ~ t
~: J: fJ, ~mPX;O)m:l;%~: fj:%t lt~:tEl ~iO~£Y.> ~ O);O~-~B"J-r £Y.> ~ 0 ..'f ~ -r~*±;o~

7°5"/ r- ~~A Gt-:'T~'=' :;7~ Enfida :ttBlKO)EEJ<E 231 ,~, *6±~~f.ih99
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Mean
content Correlation coefficient Regression results

a jj CaO Si02 Al20 3 Fe20 3 f3jj Q jj R OR

4) CaO 50.3 1 -0.98 -0.55 -0.46 - - - -
c:
0 Si02 6.18 - 1 0.41 0.32 67.65 -1.22 0.95 0.684Vi
4)

Al20 3 1.26 1 0.88 7.66 -0.127 0.30 0.478E - -
~ Fe20 3 0.57 - - - 1 2.90 -0.047 0.21 0.220

CaO 24.2 1 -0.99 -0.92 -0.94 54.06 -0.977 0.99 0.872

- Si02 30.5 - 1 0.89 0.91 - - - -....
C\l

::E Al:P3 12.0 - - 1 0.96 2.22 0.320 0.80 1.36

Fe20 3 5.03 - - - 1 0.91 0.135 0.83 0.510

,~O)-if /7·)J;0)7.HfT*5*~m~~, =*PX:719tJ::b~EEJ<Et:p 0) Si02,AI20 j ,Fe20j'

*6±J.*~t:p0) CaO, AI20 j , Fe20 j ~:M9Q @J!Iffl'71f)TO)*5*~~ 4.2 ~:~9 0

t.::t;: G~I*J 0) fl;j ~J:~PX:710).lfZ.~15:ff$, R ~J:*l:t"C'Bt~ Gt.::-*@J!Iffl'~O)m:

m~~~"C'c1;Qo

R 2 = 2: (Estimated data - Sample mean) 2

2: (Sample data - Sample mean) 2

;:: O){@iO'i"l"~:JlI~~ ~~ c@JlJ$l:tiO'id?!l,IJ1@O)~1fJ ~~<~ G -r ~~ Q C §;it Q 0

~t'::OR~J:, @J1J$~~:9jQ~~0)~~wH~:~~G-r~~Q (Draper,1968) 0

@J~71tJTO)*5*J: IJ, '2i~$ 5%~J:0)PX:71~:"':)~~-r~J:~~9n~-*@]IJ$~

O)m:m~~~iO'i 0.80 ~J:, §J!Iffl'~0)9!~iO'i.lfZ.~'2i:ffilO) l1%~r"C'c1; IJ, 

*@J!Iffl'iO'i-t71PX:lLGl~~Q;:: c~~Gl~~QiO'i, EEJ<Et:pO) AI20 J , Fe20 j ~:"':)

~ ~ -r ~J:@JlJ$iO'iPX:lLit9±pX;71c ~J:~!RlL ~:~1fJ G -r It ~ Q ;:: c iO'i71iO~ Q 0 G iO). G ;::

n s 0).lfZ.i5J'2i~$~J:, ~.i< 1.26%, 0.57% c ~tJ: <, ~.g-~J.*~O)mpX;~IfJ~:M

9 Q~.iO'i~tJ: ~~t.::~, -*@J!Iffl'l:t"C'.."fO)~ItJ~JlI{~tlHJtQ ~ 0) C G~IfJO)*

~O){g;~~~? -r~~Qo flliO)J.*~"C'c1;QltE c~7$~:"':) p-r ~-*@J!Iffl'iO'iPX:lL

9QC~~9n~~rO)~~l:t~JlI~l:tcG-rpX;lL9Qo9~:b~,~J.*M~.i<

~:M9QIm7C~0)15:ff.CaO%, Si02%, AI20 3%, Fe203%~ Zij C G, ~J.*f3H:

:J:HtQ±PX:71 (~J.*~II1~H: CaO, Si02, Si02, Fe20) ~:M9Q §J~i*~ c.."fo)

)E~JJt~rjj' f3jj c:B <C,
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/3 11 /3 12 /3 13 /3 14

Z(t) = [Zij (t)]=
/3 Z1 /3 22 /3 n /324
/3 31 /3 32

+
/3 33 /3 34

/3'H /342 /343 /344
1 Y12 Y 13 Y 14 all (t) - all 0 0 0

(4-2-1)

Y 21 1 1 Y 24 0 a22 (t) - an an (t) - an 0x
Y 31 Y 32 Y 33 Y34 0 0 0 0

Y41 Y 42 Y 43 1 0 0 0 a44 (t) - a44

Mutually independent
normal distributions

Hopper~~
. ~~Primary • ,

Crusher

Zij(t)

C5Qo J'\~Tn~~bG

t,,~~~, vij (t) C:: vij (t+r)

O)ffiO)m~¥-j5j~;;t,

(c) *,[1iXO)a~HI3~~~jJJOYE:T)l;{~

J:B2~:J:: lJ, LJJ~J*f..H~li1iXO)~~tJ:~m-:ac:: G'"I"O)t@;zjjn~~ Gnq:tJ:?t-:

n~, (4-1-1)J:t~ffl t,,~ '"I" =t-) I,- /~AJ*f-f0)*,[1iX~jJJO)~~wH~~m-~9 Qt-:~~:

~, ~~/~O)AlJD, 9~b~~~J*M#~/~~~~~~~~~h, -~

~~tt~H:AQl~~~O)~rl3'~jj[iJ]O)~tJJ{±~~.:cT)H~ G, 7c0)/\t")- Ax..~ ~

)I,-WlllMl~~*~Q~\~n~C5Qo =O)~tJJf±~c::G'"I", [g]4.3 ~:7c0)~~~/J'

Gt-:.:cT)I,-~;iI§-;ZQo *9iJtE"~LJJ~J::lJ ~ ~ ~ :/-v--"-~~9Q~·/7· ~

~ ~ ~ O)ilj~5&1:fj ~~7 'J /ilj~5&1:fjC::1&JEG, 7cO)¥-~iIJ~~rl3,rl3'~~ TMj

C::9Qo ~ G~:, ~~1t/'\~T~O)*,[1iX?t;(P~~L ~.q~!RlL~:, n)JfEJ-O)¥-~

{@: iij c::?t1jZ Oi~ ~:1ft

'5:t0)C::9Qo =O)~

tJ:~lfJ5&1~ vij (t) ~:t-t

G, vij (t) C:: vij (t+r) ~

;iI§- ;z Q 0 r 0) rl3~~J'\ ~

Tn~~b GtJ:t,,~~$~;;t
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a.: C' ct5 ~, /\ '.:J T iO~~b .Q:t~~ ~d:, B: ~ J0) /\ ~ T ja' 0) ~!Rli tt0){&~ J:: ~ "0"
I)

ctJ:.Qo J::"?"'C vij(t)O) 13c.f§~~~~d:, r~20)(4-2-2)JtctJ:.Qo

R;/r:) = ai~ ·e-iTVTMJ (4-2-2)

tt~J/\1']-A-"'7 1')v*~~~Jd:(4-2-3)JtctJ:.Q (Papoulis,1965) ($)11,1965) 0

(4-2-3)

~':J:~20)iF7 ~ 'J /i&IffiO)3¥~tl1~~ja'ia'~~~7°0-tA ':SltJ-c~d:,

(~/71'7~70)~~~~~ 7 (77~~~-~~i~C'#lliC'~.Q~/7

1'7 ~ 7 O)~~~WI cMftt-:::nt.Q ~ ciO~C'~.Qo t>!' 01vJ;).J:0)~ ;U:~d:, ~./

7·1'7~7iO{iF7~'J/tl.l~ ~f1, 1975) , 9tJ:b!'~<C't.:.t;~tJ:tl~~9.QC~J

'5~~~E8tJ:~~'2; IvC'~ J.Qo GiOi l/~'U~§ E8C'ct5.Q=t-)v/~f-l-*~OY~O)m:

ffi.IJO)t,:,~~:~d:, f~7°D-tAO)fcj~-c*~tJ:~0~~tt~:J:: ~, LlJJ~mtr~OY~

0)/\1']-A-"'7 1')v*J3t~~O)W~,9tJ:b!,~~~}aJ~~"'CO)~~:mc9.QiOi'd:,

l&%Wi5iH:ct5~~MGtJ:~JO)C'J:~20)~itc1¥WTGt.:.o

tJ:S. (4-2-2). (4-2-3)Jt~d:. iEm813~fF~fiO{-~0) Shaping Filter ~Jmi&I G

t.:.~~ i&Imc [WJ~C' ct5 .Q 0

4.2. 2 rEE~7·D-tAO)~j!~~

J;).rC'~. ~ftE8~-t~/1'77/1'O)rEE~7D-tAcG-c. ~I~D/~

JtO)*-t: ~j-1' ~ / ~t"" ~ ~. M@]~*'JIit~-)(,- ~)v. rffBrEEf5-~ ~{i itt.:.~

fFftJt7' v /7.( /7'-lf1 0 0){~j!~~0)~lli~~~:":)~J-cm~~9.Qo -t-O)ffgO)

~JtO)~vmO){~j!~~~:":) ~ J-c ~d:. rEEf5-~filijO)*Jl.7).f5-btt§tiiIDc ®btt-c

4 . 3 W,:~2lt9.Q 0

( 1) ~ I 7'0 /~Jt*-t:~j-1~/~"" ~ ~ O){i;j!~~-GHB(S)-

*~JtO)*-t:~j-1 ::; / 7·"" ~ ~ ,d:. [gJ 4.4 ':7J' Gt.:.~~:. A?7 ~ 1.7 -':J:: ~ N

~O)J*f-l-~~.7).{1~t. J*f-l-/\1 )('-iO~jCJitGt.:.~. 7'1) ~::;?717°1) 7 v-~C'

J*f-J./\1 )v~=F~[ti] ~:®:jiH:J*f-l-~;J] ~ lli9~~C'®.Qo ~ 4.4 ':S ~J-c.

L: 1\1 )(,-~~. VB: ~A1lII::I /""-VO)~i!Ji~. Vs : A?7 ~ 1.7 O)~fiJi~.

~:07v-~0)~fiJi~.N:~M~~ •• ~:~M~~WI.

Q:J*E~M~~. ,:~.7).M~C;J]~lliGO)~~~,9~b!'n~~M.
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u(t) : LmE O)#U~{JtIJ('O)m

~~ tJJ C L'" iJ.J IJ t±H./ {JtIJ

('O)m~~tJJ~ w(t)C9

~ C, *O)Jt;6~1~ ~n~o

reclaimer

u(t)

v. (Q
stacker

o

(4-2-4)

1Q, { (VR
) (VR

) (VR
)}wet +~) = N Q u V

s
t +U V

s
t + 2TL +""" +u V

s
t + (N - 2)TL

1 Q! { ( VR
) ( VR

) ( V
R

)}+ N Q U 2TL - V
s

t +U 4TL - V
s

t +"" ·+u NTL - V
s

t

1 N /2

=-)' [(1 + f3 )"u{at +2(i -l)TL }+ (1- (3) ·u(-at + 2iTL )J
Nf:(

;:;: ~:, 13 =V/VB C th Q! = Q • (1-131 Q, = Q • (1 + 13) ~d:A::9 ~ jJ-O)imff

/5rPH:etlJ~b~Mim·~imIF.fO)~ffiimii('c15~o ;:O)c~,

[ ]
1 N/2N/2ra; = R.....,(O) ",E {w(t +~) - wy '" -2 )')' L(1 + f3)2 Ruu {2{i - nTL}

N f:( f.:1
+ (1- f3 2 )Ruu {2at + 2(i - j -1)TL}+ (1- f3 2 )Ruu ~ 2at + 2(i - j + 1)TL + (1- (3)2 Ruu {2(i - nTL }}]

(4-2-5)

-/5, A IJ llltl*Jl~~tJJ;6~ (4-2-2)Jt('~~ ('~ ~ CO){&JE: et IJ ,

Ruu(or) = a; exp(- or / TM )

~{-\:A 0 l, *O)f~H:~ifJ7.tfi!{0)~alt;6~1~~n~o

(4-2-6)

;: ;: ~:, C = exp(-2TL / TM ), at = rTL (0 s r s 1) 0 2" ~ ~:, A::9 ~ jJ 0)~1T

~~;6~,*EO){3t*~~~~:lt.l'(~m01~~l~ ell\ 2" VI c{&JE: 0, /\1' )vt:J:!9c{tJlI
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,::t:Ht~*EO)7.t1f2:O)~~lt~J:, J:!2l:' f3=O,y=O.5 <tS< ~<t,:etfJ*&6~

n, ~O)*5;~fHJ: (4-2-7)J:tl:'d;~o

(4-2-7)~ (out) 1 1 -x 1 eX fU(l -2x) 2(1 -NX)}---'--=-+-e + LLY -e - -e
a~(in) N N N 2 (1_e X )2

~ ~ ,:, x=TL / TM ' TM ::7*/7° r-7 ':J 7 O)~J!~Wll:'d;~o

~ 0)~~J:t~J:, 7.t1f2:0)~~':~ § -gn~t, ~O)-;j:j~Jj.~nO)~Ji~~l:'ili{b{

10

(4-2-8)

10'2 10.1

(TI• / T"d

~ N=400
.,~ -(4-2-7) it

."(4-2-8)~I,
"" "--

U
10-4

0.&

0.2

IN
1+-7. ·s2 L

GHS(s) = N
1+-7. ·s2 L

~ 4. 5 ,:, -~a<.JtetfflJj.

f1~t~~ N= 400 O)~-g.

0)(4-2-7) J:t <t (4-2-8) :it0)

~~ tt 'd: ~~ l", ili 1b{ n~

+7.tptli9~~<t'd:~G
Q .......
:: .5 0.6

t::.o (4-2-8)J:t<t~ 4.5 et fJ s---
b b U.4

~~-;EO)~-g-, ~A*

~ 0) rJl pt f£ lfJ 0) Iff ,#..~ iJt

~'d:m;E-g ~ TM ':M-g ~,

/'\.. ':J ~ 0) ffl Jj. f1 ~t ,mj Wl TL

O)tt, ~-g9nt;L rJl.pt

~ lfJ Jlij Wl ,:M-g~ /'\.. ':J ~

0) f§ Ma<.J :&: ~ n~~ til 0) 7t

1f2:O)iJ9t~lt 'd:~&6l v~ ~

~ <t ~itl!iK GlV~ ~o

(2) M@]~*71~~-)v~ )vO)~Ji~~

(a) iJal.g-ifjfJfav~~ 'd:'2i~ tet v~ ~ )v0)~)v- 7°fiiJi~~-GgM (s)-

3. 2 rrJl:'f~lHEJ~*71nti!:*':~V~l, ~Al\7 / A <t~Wffll\7 / A 'd:~11

Gt::.~%mtiJ=cT)v,:et ~~~m1fJ{'d:*&6t::.n~, mpt~lfJO)~~'d:~i;j9~

~.g-~J:, ~Wffll\7 /A~J:~mG, ~Al\7 /AO)Jj.'d:~1I9n~i+7tl:'d;
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(4-2-9)
o _ exp{- )(30* LclL

GCM (s) - s

(1 + Lc )(1+ ; S) -Lc

~~,:, TB ~j:2.)v1J!1*O).IjZ~7*~l*fra":*EJ~L-, Lc ~j:)t~mtetIJO)~IJ*7t

imiiO);iE~9l1f='~g:t.J ':M9~ ~U'@j (M~~) -r~ ~ 0

(b). ID6j'@jfflil1all ~?;~t-:. 2. )vO)M)v-7~ji~~-GgM (s)-

-M':, M§J~*7t~2.)v,:~{i;9~ID6j'@jffliI~://ZT.l:dj:,*7t~. )t~~0)~

~*7t~~~-;iEl*fra,ra'IWi-r~:/7°,) :/:~lL-, ~O)~:/7)v~1it7tX{@)ttff~-r

~tT9~o )ttT*5*et IJ~~L-t-:., HM, SM, 1M O)~i!tIH~f:ML-, ffliI~fF.1~

~mt~fJjfF.1 L--C~ :/7° 1) :/~l}aJWH~': 2. )vM-rO) 4 ~f-l-O)~.g-.lt~~x -Cit) ~

O)1J~-MEi9-r~ ~ 0 )(~ (~*, 1977) (~~, 1997) ':*Bft L- t-:.ft~ O)ffliI~

jjJt~~ 4. 60) ID6j '@jflilj1Jll1* 0)~1* ~~JtB<~H:~m L- t-:. 7· D ':J 7 ~0) l:f t:7J' L- t-:. 0

M@]~*7.t~2.)v~j:, (4-2-9)JtO)imlJ, ~~i!!tl*-r~IJ, ~~':~:/7)v,f.\*

-rO)~~l*fra'-\'-:l)ttTl*fra'~ (~tl ~ ~'@jb-tt-C ~O)t.st':l*fra' ~~ 4.6 ':7J'L-t-:.

#JH: (r -r~9) ~?;Iu-rlt)~o ~~-r, M$.~fo e-/s / (l+Tos)-rilif~L-, /Z2.

/Z 0)t.st.:~ra'1mflf1~ 0) PI f!ilJ~ 'd:~m:~ra'~7J' L- t-:./~)v/Z ~ji~~ Gc'(z)

(f1~4-A $!ffi) , ~ HM, SM, 1M It)-rtlO)?!tIJ;iEfi~J::t>['iSJ-mJt-rD'jgL--C,

~;iEM~fl::C: O)~ ,:et ~f~1E §~ MiMT , tSMT , L1lMT 'd:~ ill L-, ltJEi9te:tfmfl

~1T-:> -Clt) ~o ~ ~ ,: ~tl~ O)tlJEi9fmfl~O)f~1E§~M~:ML-, IlBfiO)~f-l-~

'@jJto)~£~: et ~.=:.~~m~O)~fI::O)TiJl.H~ C: 0)~0)m:Jj.f1~ =*fD1J~:lifj\ C:

te:t ~~te:t~'@j Jt~:&~fl::~~':et IJ ):j(~-C, ~0)~,f.\0) 4 ~~O)~'@jJt'd:~~

-Clt) ~o t-:.t': L-Jm~~~-rIlB~~O).IjZ~m~O)~fl::1J~~te:tlt)~.g-~j:, ~1E §~

HMT, SMT , IMT, ~:M9~ trn~f-l-O)~.g-.It 'd:~1-T~J?j{~-r:::j(~ ~ ~ C: 1J~tf:HI~,

~ 4.6 ~:~~2 L-t-:.et '5 te:t1T~J~7J":et~{@m* C L--C~x~ ~ c1J~ill*~o ~

O)~'8"~j:ID6j'8"f!ilHilP'd:?;~t-:.~~2. )v*O)M§J~~ji~~~j:~Jt-rili{J;!9~ ~ C

1J~ill*~o
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Chemical composition fluctuation
of raw malerials

Gaussian Shaping
white noise filter

Regression
coer. matrix

Homogenizing Constant
beds feeding weigher

Raw grinding mill Blending silo

Limestone
Gil

Clay

0i2

Iron ore
044

1 }'t2 YIJ YI4

Y21 1 1 Y24

Y31 YJ2 YJJ Y34

Y41 Y42 Y4J 1

'--------' tJllM ,\---_-----'

~(MO~JI'I :'::;
Approximaled

malrix
e;,lcu!alion

C.O'll.,

tJIM,.tSM,.

tJM,

Rererenee .igna!

ct;~o ;;'%L~0)}aj?&:~~7t0)r0J~/7·)v}i!ij?&:~ (*f9IJ-r~d: 1 hr) ~..t0)~7t

~d:~mO)~ 4.8 J:: ~ b9n~-rct; ~;: c J:: ~ ;: 0)il[f.gHd:~lL9~ (Middleton,

1991) 0 t~:J3J*f-+~i5"fM~*O)~*HIt~~~i citO)/if#Hd:, az~-c 4. 4 irH:

~2~ L. t;:.
(3) l!J3'6t7·V /7.{ /~l~-1 0 O)~Ji~~-GBS(S)-

;:O).~O)~-rO)m~O)••~, ~~~/~hc~~~i5"O)~~O)~g~~

;t~1t~J~7)v-ri1If.g{9~;:cn~tf:H~~o;:0);:cn~G{1~4-B ':~L.t;:~,:

$M~~7t~0).~7-~J::~~~0)~Ji~a~~~;:c~lli*~o

(4-2-11)
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~j:*5J{i.$(0)~.i1rtil(kg/h)~~9 0

J;AJ:, 11!~ L- t-:~~fiIIl O)BJi~#& ~ ffllt~ l, (4-1-1)J:\ t:ttt"? l, =t-)v:/AD

*M*5J0)~~~O)m~~~0)~.~M.9~~~~~~~o~O)m~~~~

~l< CaO, Si02 , A12OJ , Fe20 J ~:M G, Y/, Y7J Y3> Y4 ~~~29 ~ ~ LlJ~O)~*f"}O)

~~Jl~n~t&:)E(a), (b)J: fJ IEm~;(p~ it; fJ, Y/, Y7J Y3> Y4 n~lZ9*f..}O)~~Jl~O)~~

*5.g.~£{~ n~;: ~ J: fJ, ~n t; 'tIEm~;(p~:ttt?0 ttt"? l=t-)V:/AD~o)HM,

SM, 1M O)~~~~~j:, J;A~(4-2-12)-(4-2-14)0)_J:\~[t.~~~o 9t~b!>,

Y =[Yl Y2 Y3 Y4J= Z x u
2

u3

u4

1M = 2:1.., SM = Y2
Y4 Y3+Y4

HM = Yl ,~ Y 0)~*n~lt~9n'tIEm
Y2 + Y3 + Y4

(4-2-12)

(4-2-13)

(4-2-14)

t-:t::G, a~, 1Jij ~j:J:~20)~.g.M.J:\~~~@]~J:\ (4-2-1) ~ffllt~l~~20)~

~:M~t±BfE~o t~s.fI*f..}O)m~ra'~:~iHJ~O)~lt~;: ~ ~ EI ~O);: ~ ~ L- lJ:\

~rm L-llt~~o
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(4-2-16)

*t:~.Lo)-1::T)V~: J: ~~fRU§t~f@: Ctt~9~ t::.fh ~:1~-:) t::.~~§t?JtIJO)M~

Cl~~D~~0)~$O)e~~.~~43~:~cfhT~L~o ~~. ~5~~

~oDO)m~~ti~~ffl9~Y~~~5~~0)~~~.~MM~~. -*.~

f110)~~1J (950 tonlhr) c?i" ~ 7
0 r- 5 ~ ~ O)~~~lt. (32 ton) ir~ e; #t~ ~.

~ 7 ~ ~ O)lf~~Ij.rl3'~J: O. EEJ<E. *6±j;tJJ?-f..}l,)9tU:M lTt>. Tr O.0337

(hr) 9tJ:b!>*~ 2 71C Lt::.o

Closed-circuit raw grindin.g mill
Homogenizing Without with Blending silo

Beds mixing control mixing control

N/=411 , Nz=198, Ts=0.038 (h), Te=l, T;=0.8, To=0.7 (h), Vm=2,500 (ton),
TL/=0.072, Le=3 K,,=0.2, k= 1!l=1.0,10=2.46 Q=110 (ton/h)
TLZ=0.058 h=exp(-Te/To)=0.2397,

GgM(5) 1
G85 (5)- •

G L () 1+0.735 1 G~(z)- (1+5.75)
HB 5 -

1+ 14.795 -
4(1 + 0.0385/ - 3 0.2z 3 + 0.002z~ - 0.012z

G L () 1+ 0.4085
Z3 - 0578z 2

- 0.616z + 0194HB 5 -
1+5.745

LJJ~J: t):t9:.i\."9~:O}j{:O c*o±itffi{f..j.O)!'\ 7-A -"'? r- )v~Bt~~fj:.
0/1=2.46, 022=2.60, TM /= TM2=0.0337 (h)J: 0

,I, ( ) _ 2 x 0.0337 X (2.46)2 ,I, ( ) 2 x 0.0337 X (2.6)2
'I'll W - • '1'22 W =--_.......:.-~

1+ (0.0337w)2 1+ (0.0337w)2

4.2. 3 M~fF5*c~~

~r~:~ 4.3 C'{rU~lt::.~eji~~0)7-1 ~~ttc~~-@J7°D-t~~*UE:9'J*5

fi Lt::.~-@J0)7-1~f@~~~L. -~I¥:J~:~7°D-t~tJ~*Jl~~tJJO)71~0)il3ty

,: C O)~':~-9- LT~) ~ tJ)~~~9 ~ c c t> ~:. MJz!!O)!][fRUJ:t (4-1-1)~ ~:1tE

-:)TM~ It::.M~7°5 ~ ~ (T.:L=:;YOO Enfida ~j. ~ ~ ~5 ~ ~) 0) HM 0)

~~~~~~.M~~*ctt~L.*~0)~~tt~~~9~o
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( 1) ~1iJ~£H~tt**[g]~~0)*5*0)~~

~ 4.3 I:~ Gt.:mfl7D1:A ~~JJX;99~~~~~0)@-t<O)f,!fJ~~~tt~

[g] 4.7 1:~90 ~t.:, ::tlGO)~~~~O)~~J*5~~ G""t"~mtiH~~9, 7 0 7 './

r-AlJ Dtru;c7j.t.:~~fmH:fjD~"C'O)~Ji~~O)f<!ij~~~·ti~@4.81:~Gt.:o

~ GI:[g] 4.91:1;t, J;t~7°7 './ r-0)~7°D1:AlHD"C'0) CaD, SiDz' EM, SM

O)~~~~O)~~*5*~{7iJ~L-t.:o ::tl G~fiJffj G""t", ~~1OO~OOiffii"C'-MS"JI:

J.;l.r 0) :: ~ 7'J~§;t 9 0

(A) J*f"} ~ )v!fi{$:O)ifJJtfl::fFffH;t, ttl!0)~1OO I: It~ L, v9'7'J)"C' cJ5 9 7'J~, J*

f"}roaJ~itJIHifIJ~13~9:: ~ I:et lJ, ~f,!fJ~~·ti7'J~rPJJ: G*~tJ:iJ9H3t~JJ*~WJ~"C'

~ 90 [g] 4.9 I: t>~Gt.:et -j 1:ID6J~ifjIJ1~~13~t.:~~I;t, 13~tJ:~~~~I:lt~

G~~~~7'J~*~ 1/3 l:tJ:"?""t" ~ ~ 9 0 -jjft-t< O)~mH:.s~t9 =FIfJJlE~ § liJiM

1~JI~0)~t~"C',;t:lfifJ"C'*~ 1/2 ~J3t"C'cJ59 (~*, 1984) 0 =FIfJJlEO)~~t>

;t-", v- 5 I: et 9ffc!~ ltO){~lE7'J~MitJTfrvtl""t".s lJ, ~ n~~;t cJ5bit 9 ~ J:

~20)1F6*I;tmt:tl~~G""t"~~9 ~§;t 90

(B) *Jic7j.~bit~·t1"C'I;t, M$J!:~1OOI:et9~1fJ0)~~*5*I:etlJ~$J!:~1OO

O)~~~JJ*7'J~~L, <~W~~~t9:: ~7'J~)t7'J)90 9tJ:b~, cJ59~1OOI::J~~""t"

~*1:1~t.:)t~O)M~ltT-5 ~~O)~ ~;j;:0)7°7 './ r-1:JOOffj Get -j ~ G""t" t>

!fi~tJ:lt~IJ~~I:et 9fiU':lH;t/FIiJ1i~"C'cJ5lJ, ~\9M$J!:~1OO~13~*¥lH50)#R1:

~f1S"JI:~~ L-tJ:~ttllitJ: GtJ:~~:: ~ ~~ L- ""t"~~90

(C) 7"V'./T.{ './~i"!t-1 DO)~~~·t11::J~~""t", ~~itJtH~~~~L-tJ:~~~

~0)"!t-1DO)AD·lHD~O)C~~~0)~~lt([g]~7"C'••~~~."C'n"?

t.:l@~~~;t, ~O)l@[g]J:"C'~ttEtE** (3) ~(5)~-t< 7'J~f,!fJ~~.~ lHluffiiflO) ~t

l:fEj 399) ~ Wij~fflilfJl1l~~t1:Gt.:~f1 (~#R~: EtEl@(4) ~(6)~~ 7'J~Pcij~~.

~ lHluffiifJiO) ~t I:fEj 3) O)~~.l:U;t*~ 80%"C' cJ5lJ, ~O)~~~JJ*I;t/J\ ~ ~ ~o 

jj*~~T-1~'./~~~~~7v'./T.{/~"!t-1DO)~~~ttO)~~~~~tt

1;t~~G""t"~~9 (@ 4.7 O)~tt (2)~(5)~fffi) 0 ::0)::~1;t, L1.J~J*f4O)mJJX;

~1iJ7'J~eJ5~ lJ*~< tJ:~~~f1I;t, *~~T-1 ~/~~~ ~~t.:I;t7·v'./T.{ './

~"!t -1 D ~JtTiil~1i~0) c7j. 0) ~1iffi tJ:~100 I:~~~;t, ttl! 0)~fI~ 100 0) c7j. "C'• ~~

~~ §~fOO:J.;l.i7'H: G1~9:: ~ ~~Pt G""t"~~90
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1.0

-~(3)
O.S

(4) \
0 0.6 y"

I .- . \
'ra I .~
e.o . ..
V) 0.4 "\V) •(l)

\u
0

/
....
\0.-

0.2 I
..

(5) \ '.
"
/ '..;

0 .-"
0,0001 0.001 0.01 0.1 1.0 10 100 1000

Frequency(l/h)

(1): Inlet of crusher (Shaping filter: Cs=l/l+TMp) (2): Limestone homogenizing bed (C:in)

(3): Grinding mill without mixing control (cgM ) (4): Grinding mill with mixing control

(5): Blending silo (CIIS ) (cgM )

1.0

0.8

0 0.6

-'C::
e.o
V) 0.4
V)

u
u
0...

0.-

0.2

0
1000.0001 0.001 0.01 0.1 1.0 10 1000

Frequency(l/h)

(1): Inlet of crusher (Shaping filter:Cs=l/l+TMp)
(2): Outlet of limestone homogenizing bed (GS-G;B)

(3): Grinding mill outlet without mixing control (GS-G:;B -cgM )

(4): Grinding mill outlet with mixing control (CS-C/~n-cgM )

(5): Outlet of blending silo without mixing control(Cs-C;B -cgM -CBS)
(6): Outlet of blending silo with mixing control (CS-C;B -cg

M
-Gss )
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Quarry
Si[~.

Primaly
Crusher

Homogenizing beds Raw grinding mill Blending silo

G~:'/(S}
ur

Gcc,/rJ

[0 kiln

I I
Cf:>VSili.:~S~nu ..

Iron or.: o-ro
u r.o =0.) 2H u (".0 =O.1l77 u (".n =0.()(j3

u '101=11. ) ~H (ll. 02G~) u ..",=ll. 1173
u Slo,=Il.OIl9

(IUI320)

( ) : Valu~s ..... i[h mixing
control sys[~m

a//." and a.... U 1/.,=0.390

I
U 11.,/=0.0253 U JIA,=0.015~{0.OO55) U 1/.,=0.0123

for mixture u:..,=0..l~2 U .../=().030~ U .../=0.0 )HO{O.OO(j~) CT.u,=0.0)~8

of four materials
(supposed) Inle[ of crusher I Inlt:[ or mill Ou[le[ of mill OU[let of silo

~ 4.4 ~:m-JJO):M~c Gt:::.. 7°5/ J-- '"C', *=c~T1' ~ /-!/ /'\.. 'Y ~ c 7· V /7.{

/~l"!T1' 0 ~{&:~:~a~f1~M't:::..t~ l,,)!ff~t~J'\ 'Y 7 7 -~1i~~:tI:~~jtt:::..:fi-g

O)=t-)v / ADO) HM ~m-JJGt:::..fF5*~~J~ Gt:::..o 1 .'"C'~""'t:::.. HM O)~~~~

El~{@: 0.027 ~f*ffl9

•.0.1•.•.·- ... -"~
0.0785

~I7" D)~17"

~-g-:H~-/

J~ 77Y-f1D 7" ~)f'4)'"f1

o

~ 4.4 T~-g- . "!T1' D~Jt~:etQ HM (J)~~~~

OJ6J-g-mu~~13*t~ l,,):fi-g-)

Qt~ t;, P9n7,r~0)~

{ji~ J'\ ':J 7 7 - ~1i~ (J)

Jj.~:tI:~~itQ;: ctJ~

t±Ht~Q c~ it t;nQo

*t:::.. -i:" (J)~t~:fi -g- :t>*
¥H15-(J):15$~:et IJ, JE
j!~t~~t-jtJ~fr jt Q ;:

c ~j:~ t; tJ) '"C'~Q 0
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(2) ~~gf~~*5*c:O)tt~

MJz!!O)T.:L=~7~0)/7/ r-'C', =1=-)v/A!J DJ*f"}~ 6 EHa' 52 "if//

)ltt.*!&G, HM O)~~~~~~iJtIJGt-:fF5*~j:, OHM = 0.0142 'C'"J;-:Jt-:o -15
(4-1-1)J:t~:J::.Qgf-~fF5*~j:, ~4.4':~Gt-:J::5~: OHM = 0.0123 'C'"J;!J, fjJ<

O){&JE:a:Slt~t-:~: t>iJ~iJ'1b '3"9N <-~Gllt~.Q c gjt.Qo tJ:S, ~~0)7

:9 ~j:i/6l-g-fflIJ~:a: off Gt-:~~'C'0)11::~)TtJT*5*~: J::.Q t> O)'C'"J;.Q 0

4. 3 ifi-g-7'O-t7-tJi.7).-g-bitgf@-"'.0),Ltffl (~*, 1987)

4. 2 Wi'C'~ Gt;:J¥HJT~:a:,Ltffl9.Q C, -t ~ / r-7'7 / r- O)*nWlgf-@j~~:ifi

-g-/o-t7-O)M.7).-g-bitgf@, 9~b~/o-t7-0)~JEgf@~fl5~c:~ili*

.Qo 9C'~:~ 4. 4 ~: ~j:-t-O)--Wtl ~~Gt-:o .bl-T-r~j:~ '3~: -~11:: G, 2. 3 Wi

C'mfr Gt-:J*f"}fflU9!:7'O-t7- 0)1~~-Wtl c Gl!{£~ ~ Jvc M@J~fflWfiF-)v~ )v,

~*~Tifi-g-/o-t7-C:Gl$~~ffl9.Q~G~.7).Tifi-g-15J:tc~~15J:t

(~:r. 7+ 0/:91' 7") , "if1' 0 %J:t C: GL~~7+V /7 -{ / ~"if1' 0 c 1\ ~ T

7+ V /7-( / ~i~1' D~~J< ~tR Gt-:~-g-1:, -t-n '3 O)ifi-g-t:lJ*iJ~tJi.7).-g-bit

~11 c Gl =1=- Jlt:/A 0 O)iJipx~jfjO)~~t:lJ*~: CO)~ ~:~W9.Q iJ~ ~)TfJT Gt-:o

t*fflGt-:~n'30)7'D-t7-0)~~~~:a:* 4.5 ~:~G, tJi.7).-g-bit%'11O)gf~

*5*:a:* 4.6 ~:~ Gt-:o fAT ~n'3 ~:MGm~~1Jojt.Qo

( 1) !{£~~ )ltO)~~~~

!{£~ ~ )lt~j:iF-)v~ )v~:J::t~G, m:@..tifi-g-f$ttJO)mH~f~ra'iJ~~lt~o ~t-:)T

m~:a: ~ )vl*n: I*J~ GLlt~.Q t-:~1NJ~fi~gf-iJtIJ9.Q ~ c ~j:~~C'"J;.Qo !{£~ ~

)ltO)ifi-g-f$iIJ:a:~~9 .Q~~~~~j:, Xmx (Retzer, 1977) ~::t~~~ nt-:~JE

~ 100 fY (0.028 h) O)-*~nO)~~~f{~-t-O)~~t*ffl Gt-:o

(2) mE G~.7).Tifi-g-7'D-t7- O)~~~f{

~ G~.7).15J:tO)ifi-g-t:lJjfHj:~~jjJ:t c~ jtjj~j:F8J-C'"J;.Q iJ~, -~~:~.7).::>

~t~f{, ~.7).::> ~t~Wllt~"9n t>/J\~ <ifi-g-t:lJ*~j:F8J-O)~fJl[ilO)~~jjJ:t~:tt

f1lJj\ ~ lt~o .:r ~ 'C'F8J-O)~~fiO)Tifi-g-15J:t C: L, lmE Gfji.7).jjJ:t~~ x.Q~

-g-, (4-2-8)J:tC~-0)-*l!.7).~nO)~ii~~~fIJfF.l G, ~~~~fi~:M9.Q

-~89tJ:lM~ N cfjf.7).::>~t~Wl T ~:OEK:OC:*O±J*f..}1:ML,~JEG~ii~tt

:a:*~t-:o .It~M~C9.Q7'7 / r-O)~-g-~n'3O)f~~j:~J< NL=345, TL=0.027,

Nc=187, Tc=0.020 C'"J;.Q 0
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( 3) J\ './ 7-J:\:7+ V /7-{ / ~"!t-1 0

J\ './ 7-J:\:7+ V /7-{ / :~i-if1' 0 (J)~'8-, iEE'8-tt-rO)B:~~5lJ.~:d:: Q~'8-~JJ!

~~~*~~'8-~~~Q~~~-r~Qo ~(J)~'8-m~~~-r~*Q~~~~~

(J)~IfJ~:~ G-c~J:~~m~O)~~t:f.J;~HJ:~ <, ~ 0)~~~~J:(J)JJX;7}~:~ G-C

it; Q-)E(J)~~.l:b~)Ji:ffl-r~Qo 1Jt-::> -C~)E7·5 / r- (J)~!!iI~t1~ttO)~[t
gild:: t) ~ 4.5 O)~Ji~'11 :a:1~t.::o

~J:O)M*d::t)~.[t@OO-r*O)~~~i~Qo

(A) ~)v /t5t::AMJ*r-t(J) HM, SM O)~~m~:a:§~{~~r~9Qt.::'d)O)rJi

c7j.'8-bit~J:tp.~ff1£9 Q 0 ~ 4.6 ~: ~J: HM 0)~~Uii1~ 0.027 ~r ~ tlHI~

Q rJic7j.'8-bit:a: ~731J G-C It ~ Q 0

L1J~Iij{f.+0) *.:c~T1'~/7* Iij{f-+ffl~ ~ )v '1'1//7'1' /~l
fJi.6X ~!IVJ + ~ -lf1'D./'\.'./

(11 f1{15 it) (~-)v~)v) (im~it-lf1D)
G L 1+ 0.735 GO = 1 G _ 1

HB =
1+14.765 GM 4(1 + 0.038)5 - 3 BS - (1+5.75)4

2TM·a.~
G C 1+0.408s

HB =
4>(W) = 1 IJ 1+5.745

1+ (wTMj I (tm L-fI{.7J.15it) (~~~)v) (J'~7-tT1 D)

G L 1+ 0.255 GO = 1
O:s w:s 0.79

HB ...
IGBSI =1.01+ 4.675 GM 1+ 0.028s

G C 1+0.1345 w>0.79
HB =

1+ 1.845
IGssl =0.08

0.820

0.0321

0.0785

0.0300

ItT.ttl fjg 0) .7J.
if--)v f-----.,.......+------+-------r:,:;;:;;;:;,;;;;;;=~~
2)v tm L-fI{.7J.15it

!ilfl15it
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(B) ~~ 2 )vO)~'8-~7.J:~HJ:M @J~~-)v 2 )vt:lt~ Gyt~ lt~tJ~, M~'::T~

'8-7"0 -tAtJ~~~'::7· V /T.{ / ~i-ij-1' 0 ~~fiiij9 ~~'8-~J:, .:cO)~W

~'j:yt~ It ~o

(C) ~- I) / ~lT- ~ J: fJ cs; G7J\ t; '(/.) LlJ~ O)rJ3.PX:~lbtJ~yt~ It ~ CT J!"C'~ ~

~'8-"C'~'8-~.~=fiiij9~~'8-~, T~~7"O-tA*~~~V/T.{/

~-ij-1' 0 ~~MIt~l\ 'Y 7 7~~~0)~fiiij,::~~~jt -5 ~ PJ~~11tJ~~lt~o 7"

V/T.{/~-ij-1'o~ ••~~O)~~7"D-tA"C'CS;~~C~fJ,T~'8

7"D-tA~.~9~0)~~~"C'cs;~-5o

It ~"9.rll:: it J: MiIi"C't~ /J' Gt-:.m:fJT:IJ~~ Jf.Ilt ~ ~lJifl.t< 0) 7 0

0 -t A 0)mJ;.'8-V
itl::J:~~'8-~7.J*~cs; GtJ\ t;'(/.):JtJi"C'~~ ~ ctJ~7t7J\~o

4. 4 ~-g-mU.*O)~~~~$fM• .:cT)V

4. 2 iliO)m:fJT*5*~~*~ G, ~~mIJ~J*~= :JO)~'8-m~~ifJil~] E1~c L,

J*~2)vM"C'0)1l9J*~0)~~lt~tifFil: (~~ltO)~~~'j:"l""C'cs;~ ~ c~ fJ

ti~.cL,T~~~"C'cs;~o) c9~~~~·~lli~0)~$~.*cGT~~

L" 1£*ifJil.O):IJ~~~~~ifJil.O)~,g7J~ G~~9 ~o ~ GI:: 4. 2. 2 JJ{"C'fIjJf.l

L,t-:.fljfJ.~I3'(/.)t-:.m~*O)M)v-7°~~~~0)~lli I:::J lt~T*'i,@9 ~o

4.4. 1 ~'8-~D 'Y :7~~O)~lli

~ 4.6 O)~~iMl-g-fljfHilIl* ~ HM, SM, 1M O)~~O)mU.iiJ::~~~jtT~~9

~ C, :&.~.H::~ 4.10 0)~~7·0 'Y :7~~~1~~tJ~.:c0)~lli~J2),""fm~9 ~o

( 1) ~f"}2 )vMo)ll9~f"}O)~'8-,go)*J3.px:~1b

~ 4. 10 O),g Mi, 9t~b"52 )vM"C'Il9~f..}~m:-g- . ~mt~o)~~o)ll9PX:7tO)

mpx:~ItJ/'(:7 r-)v YMi(t)~~jt ~o YMi(t)~'j:, 2)v~ fJ D"C'o)ll9~~O)mpx:PX:7tfT

~J ZMi(t)CIl9~~O)~~$/'(:7 r-)vu(t) O)flc GT(4-4-1)Jt"C'~it~o

YMi(t) = ZMi(t)'U(t) (4-4-1)

J2),""f~T~Ib.~~~~~~GO).mmlb."C'~jt, ~:JS~."C'~m9~C,

(4-4-2)Jt"C'i1If~"C'~ ~ 0

L1y Mi(S) Ii!! L1Z Mi (s)· ~ + Z Mi .L1u(s) (4-4-2)

~~G,-~~~~~O)U~/J'GT~fJJ2),""f~T~."C'cs;~o

m-JJ{O)L1ZM;(s) ~'j:, ~~t~n~f..}O)mpx:~lbtJ~*.:c :/71:/ / :~;t /'( 'Y ~~~

lii&J Gt-:.*5* c GT, J*~2 )vM l::!Jln~ 119J*f..}O)mpx:~IJJ51-~ "C' cs; fJ ,
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Disturbance MfMd • IJSMd •

Mm ,

PI controller
with a

Smith compensator

Mixing
calculation

&!M,. bSM,...
MM, i

Reference;-signal

·····---------------------------------------------------------------------------------------------------------------------,

M· diag[G~B(S),G~B(s), 1, 1]· To.12 p (s)· U

MMd

I

----------------------------------------, ------------------------------ _______________f5.?_~~E~L<?Ej~~_~ ive
, ,

&-1M",. LlS• ,,
+ \ /

,, ,, ,, ,
MMmr l_e- T<,

,
i,

~~
,

• ]3x3
,

MZM) G(S)' [3x3
,,

,
" nI

Tc s ,, +,, "Mi"I,
ProcessHold element

,
Tc,

Raw grinding mill
I

~
, ,,

gain matrix
I, :,, ,,

~-------------------------------------------------------- .....------........-'L_________________________________________________________________________
-----,,

I

,- \ / :
Min F - G~(z)' [3x3 /' " +j

IL1UjlsL1mu
...... ,,

.1u :,

Computer control system

4. 2 irJ-c'~ G t=.~ ~t An~J*r..}(7)tJl~rEl' ':JJX IJ li:J{@%@I~J:t (4-2-1)J:t

c~JJitf"}iJ~Jmj&f9 ~ *=c :/;-1:/:/ !fX- ':J ~ (7)~ii~~~fljffl9 ~ C, (4-4

3)J:t-c'£{it~ 0

L1ZMj(s)=diag[G~B(S).G~B(S)' 1, l]·r·L1Z p (s) (4-4-3)

t=.t=' G, L1Zp ~J:~J*f-+(7)±JJX5T(7)tJl,*~IJJJ&1~ ~~91EJJl1:rt5J&1~ ~(l,l), (2,2),

(2,3), (4,4) (7)~~~ ':~"5ft!!(7)~L (7)~~n~"O"-c c7.>~ 41T 4 ~1J(7)1T~J-c c7.> ~o

~~:JJ-J::(7)~ff-~H~ s~ IM(7)~lJJil-C£{9;:C~~X~o -g-mEJ*f..}t:p(7)!m

JJX5T-;31:rj!(7)~1JJ c_m~(7)~IJJj!L1HM, L1SM,L1IM (7) ra' ,:'* ~ li:J""f~2(7)~

%mltJ ,: et ~ ili-fJ2.{~~J:t(4-4-4) ~f1Jffl9 ~ C, :lN~1l9 ~:(4-4-3)J:t~J:(4-4-5)J:t

':~~9~;: cn~tfH*~o

[L1HM(s),LlSM(s),MM(s)]e M· L1yMj(S) (4-4-4)
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(4-4-5)

(4-4-7)

[MlM Mi(S),tSM Mi(S),MM Mi(S)f

!£! M· diag[GZB (S), G~B (s), 1, 1]· r .L1Z p(s)· Ii + M· Z Mi . L1u(s)

(4-4-5)J:\ 1,)~ , ~ 4. 10 (J) Mi ,~-r (J) 5i-!L lJi c rfl:.g.1t~~tl1'F ,::: J:: ,;, 2 }VM(J)

=m~~Ih~tt (J)~m -r 6;,;, 0

(2) ~f-t2}v·"if:/7"?-5m)&1~(J)=m~(J)ntIJ;E::Ii

(4-4-5)J:tI::: J:: lJ~Gt~J*f-t 2 }v7"O -tA A..t§i:A9 ,;,~f-t(J)=m~(J)~tJJ':::M

G, ~f-t2}v7"O-tA~5m)&1G"if://?-~~83G x ;,@7ttTgf--r7ttT~n

t~mlj;E:.(J)~tiJ1,)~ c. (J)~':::~ ~ n,;, 1,))~~ /l,;, 0 ~f-t 2 }v(J)1i;~fru c GL M

§J~~ - }v 2 }vffl~*~ 1& lJ J: ~f(4-2-9)J:\ ~ flJ ffl G, ~ l? I::: "if :/ 7°}v~j! c

7ttT I:::~9 ,;, u t::lF.fra' Iz ~~m9';' c, ~~13"J I:::=m~ (J)?Jtlj;E::i1 (J)~1tJ ~d:

(4-4-6)j\-r~ ~ n,;, 0

[MlMm (s),tSM m (s),L1IM m (s)y = G(s)· I· [MlM Mi (s),tSM Mi (s), MMMi(S)Y

(4-4-6)

t~tn, G(s) =Gg
M

(s)-exp(-l,s) =~{- (i, +)(30:Lelll
(1 +Lc\1+ ~ s) -Lc

4.4. 2 ~.g.ffflJfifIl1Jj\ c M)v-7"€JlfMI~(J)~tfj

~.g.~m~-~I3"J~~.g.ffl~~(J).Mffl~~~I3"J~"if://U:/~G, ~

(J)"if:/ 7"}v~ X~7ttTgf--r7ttFr G, -;E:lF.¥ra' ra'~~':::J*f-t 2 }vM(J);E:.{jU~

tI (J)rfl:.g.WU.g.~~~9,;,"if:/ 7")vfOO:ffflJm* -r 6;,;, 0 ~4' (J)1:E*ftjlJ~1J~'::::J

V)L, 9-r,:::~ 4. 6I:::frtl7J'G~mGt~o =m~(J)~IJ;E:.c~tll?(J)~)E1i~

{t::I; c (J)~~:iJ:::M G, A 2 A(J)*,flH ~f*"5 PI ffflJfifIl(J)J\)VA€Jl~~ ,:::

J:: fJ, *91hI3"JtJ.{~IE El~ MlMT,tSMT,MMT ~~lli9';' 0 =. (J)1~IE § ~ I:::

Jj G, r:~2I:::7J' Gt~~~{t:m-~ ,::: J:: lJ, Jll~B<J ~:::rfl:.g.1t(J){~IE.~~~LV)
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(4-4-8)

;: 0)~J[g{~ID-~~j: MiM - i(aHM) o&j~' =m~~J!.1,)~~'8-jto)~~
. 1 au·J- J

-r~ ~ ;: c J:: 0 , ~ G1,)) c; &')~;E L- t::;E'M:IX~-rO) trn~f.{O)trnpX;71m.5tf@: (fT

~J Z O)~~~ O)frg) ~ ffn~ -CMtS9~:m-~ l.h 1,))-:J~~'8- ~tO)~~:ilO)~fD

1,)~"0"-r~ ~ ;: c c ~~~:iJ:J:JH~~ ~t ~ 11i.J*~ftfo) t> c I:, W{jffi~~ F

~~/J\ 1:"9~ ~'8- ttO)~~il~uj ~*&')-C ~~ ~ 0 t::t': L,;E'M~~1,))GO)~liJ

:li1,)~t:>91,))tJ:miJ.J.:cT)V ~~;t ~~-g- ~j:, W{jffi~~ F ~"O" C"9~ ~'8- ~1,)~

r~20){~~f~#-r#tfj -r1! ~ 0 t::t': L-, trn~~O)~'8-1tO)~ID-~j:'M I: "1 "

-r~~;:cJ::O.~.~=-:J-r~~~, ~r;:h~a&')-e

&(5) '" [&1 (5)'&2(5)'&3(5)] c ~~2 L- -e~) ~ 0

(4-4-9)

1

o
t:: tf. L-, J =

-1

o

o
1

-1

o

o
o
-1

1

tJ::J3(4-4-9)Jt1,)~pX;li L" 1,)) -:J 2. )l--M* ':J /\ I*J 0) trn~~O)1¥~tJlpX;fT~1J Z Mi 1,)~,

..t.~20) Z ~:-if("9 ~~'8-~j:, ~ 4.10 1,)) G t>5.t1,))~fjjH: MiMr ,t1SMr ,MMr 1,))

G~t:: 7°D""tA 0)71 /fj~IHj:MoZMI oj o(M °Z oJt =[ J:: 0 .tLfT~U ctJ: 0,

An 7-* c L- -e=m~~~.rnli~:mtI~"9 ~;: c c [lJJ~ ctJ:~o *.I::J3~t ~

=m~O)~~Uii~O)m-~~~j:~-C;: O)~~~{&:;E L-, =ffi~I:~.rnli~:A 2. A

fmf1tO)/\)VA~ji~~ G·c<z)~J[gffl L,t:: t> 0) c L- -efT? -C~~ ~o

tJ::J3, {1~ 4-A ~: G·c<z)O)~tfj15~~7J'L-t::o ~ G1:~-g-mtJ1ilIl0)fJitI~}l!ijWHj:

-~S9I: 30 711,)) G-~rJ3'~~-r~ 0, ~ 4.8 0)~11(2)tp Gt>711,))~im 0 71-~

JJiO)~/7°)v~Wi~~0)}l!ij~~.5t71~j:b91,))-r~~;: CJ:: 0, G·c<z)~j:, JX-
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*~~~ ffl r.~t::. ~~20)~~* O)~)i~~ GCA(s)C'ilifJ;{l±HtE~o

GCA(S) = G~(z)1 2+Tcs
:-2-Tcs

~ 0) GCA(S)~fiJffl-gtU;f, ¥H~(4-2-1O)JtC'W6J-g.mIH~ ~?;~t::. M)[;-7°*O)f~)i

~rx:GgM(S) ~*~~ ~ c:n~t±H~~o

GC ()... GgM(s)e-
ls

GM s - G () 0 ( ) -Is1+ CA S GGM s e
¥H~ (4-2-10)

5 {d:-=-4. il't1 S

119.C'~'j:, 1:j. / l' 7°7 / l' I:~r.~-r7°7 / l' A I:J 0 O)J*Eo)*JlpX;~tb~~

$~~C'~m9~.:cT)VC: c: ~I:, 7°7 / 1'O)~m-g.~fjiO)~~1~~tt~~b

-gf~)i~rx:~4.:t, ~hGO).:cT)[;~fflr.~L7°7 / 1'~@~~C':t-)V/~AJ*

f-+ o)*JlpX;~ tb~T7JtIJ-g~ ~~:J.J t~¥$~11H~~ Gt::. 0 ~ O).:cT)vI: et ~ TiltlJ~~*5

*~~flO)~ilt'J*5*c:.tt~G-r, I~rHt-~H:~;E Gf~~~~C'T7JtJjl:B*~ ~ c: ~

~&~ Gt::.o ~ t::., :.O)¥$~ffl r. ~ ~ :. C: I: et I:J, J*f-+W6J-g.mlJ1~l ~.AT k ~?;~,

~flO)~t~? t::.%Jt0)7°01:.A ~:t-t-g ~f~)i~rx:~4.:tL ~hG0) 7°01:.A C:

~1OO0)*~f8t~*Jlc7j.-g.bitJJ$~~~iC'~ ~ ~ C: ~/J' Gt::.o ~ GI:*."C'~'j:,

~~~.~.ATkO)~~ffi~mtt~@H.~?;~,.%~~~~.*C'~-g~

c:ffil:B*~:'C:~/J'G, ~~$~?;~~~.t-t.O)~)i~~~~/J'G~o

fm1jtf~O)1.?~: HM ffllH~O)c7j.O).A1J 7 -*C'~.:t~o ~~fflIJ.*C: O)t-t~~~ll

G~~.t-t.~?;~~70~~.~~~~0)~1:JC'~~o ~~C'.A~.AO).m

HC'~t-t.0).*~h~7.A~~~~~~-*~h~7.A~~~~C'iliWG-r

r.~~o ~ O)~n) G~~~mIHffIlO)tpO)tbf8.fI$, !W~.A ~ .A:fmfJ:f1~~ /7°)[;

f~ PI ffllJ.O)/\)V.A~)i~~~fJ-~O)#JH:*~t::.o

:. O)~n)GffllJ1ilIJ$0)/\)v .A~)i~~~'j:(4A-1)JtC'~it ~o

-69-



Hold element PI controller

Disturbance at the
raw mill inlet

Hold element

Closed-circuit
ball mill

+ E (5) +
---0- .

_ E (z) _
Kr (1+-

1
)Tis

Sm ith com pensator

s +

Process gain ~

-Is
Approximated by _e__

l+Tos

HM variation at
the X-Ray analyzer !JHMm

Tc: Sampling time T.: Mean residence time of ball mill
Lc: Circulation load To: Approximated time constant
Ix: Dead time by sample transport and X-Ray analysis
I: Total dead time with raw mill process and Ix

[
l_e-rcs

( 1 )]Z xKp 1+-
G~ (z) = C: (z) = s I;s _

E(z) l+z[l-e-rcs
X f oKp (l+J....) x 1-e-ls

]

s I;s 1+ Tos

(4A-1)

lITc=k (k ~;t~~:) C th 7tif1: ° 7tr(J) z ~~tm~m-~G-C G·c(z)~~.::>o

K p (l+ 1; ~-1_1)(1_hZ-l)(1_Z_1)
O() 1;1 zGc z = ,

(1- hz-'X1- z-') + !oKp(l- z-· lz-' [(1- ~) (1- hX1- z-') + i (1- hz-')]

(4A-2)

t::.t~ G, h = exp(-){), Kp> Ti ~;til~* ~(J) PI f1iUlMI(J)71' /' cfl7tlF.¥ra'~

6; .::> 0
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..t fflH: J\ l' 1\ A itA 0 ~ ffl "? t-: i!lH?cJ:\: 7· v / T -1 / ~l~ l' 0 1:M L. L)(;BX

(Roben, 1984) '"C'~j:M:M~ r- v-~~ ffl ~~LfrlHiilF.Jil3'5t1tJ ~~?JtIJ GL~~ ~ 0 ~

l' 00)m:@c~?JtIHOO:~f1~4.2 l:71'L.L~~':;'o t-:t:'L.. ~1' O..t$O)C:A r-/
7 0-$ (tst:'lF.Jil3'~~) ~j:~-g-tJ.J:~IH:~1*Gtet ~~ 0)'"C'~~ GL~~':;'o -jj*
)(1:71' L.t-:fjHJTO)M~7°5' / r- '"C'if;.:;, 7".:J..="YY Enfida 7°5' / r- 0)7· v /7

-1 / ~~l~1' 0 ~j:~ 2.17 1:71' L. t-:..t$o)l\1' I\AitA 0 ~fflt-:tet ~ ~~J:\:'"C' if;.:;, 0

~::. '"C'*9f1~ 4. 2 O)~?JtIHOO: (~ttCD) tJ~ 6. 1\1' I\A~~tJ~60)*Jj-!*O)imn

1: J:: .:;,~W (~tt@) ~~71- L., ~{[ffiI3'9I:"FfflHI~ft I: J::.:;, $~lF.Jil3'5t1tJ~tt

(~tt@, xf:n) ~*~t-:o ~O)~tt~~~~nO)1'/1\)vA,Lt~I:~L~j:~

*6* C L. L(4B-1)J:\:0) 4 ~* '"C'iB:ftt L. t-:o

G (5) - 1 (4B 1)
1 - (1 +10.55)4 -

1.0 ,...-------------------------------,

Experimental results for the si.lo with sliding valve
at the top of the mixing chamber

o . 2 -t--=------>--+_

0.8 -++----

0.84\-----

>.
u...
-ii
:::
0"
Cl)tot 0.4 -+--4-\o,....-----------r------------------j

o 1 8 32 48 84 80

llme(Hr)
9 e 1 1 2 1 2 a

ft~ 4. 2 ~*ftJt7·V /7.{ / tI-i;}-1' 0 OJ$i/Mjrl3,jP,Y:iE*5*
-..t~I\1' I\A1/- t- ~t#:J-i;}-1' 0-
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/-).v- ):z:df,lftL 1971 0

1
G2 (s) = (4B-2)

(1+ ~QSr
t~ t:: lh Vm ~;;tWl~P1f O)~it (kg) , Q ~;;tJm)§imit(kglh)o

~ 2: C')(mxO)~~:tt~C'~ ~~1' 0 O)1f~m~P1fO)~it 5400x103 [kg], Jm)§im

it 133x103 [kglh]J:J)*~ n ~"4"CGL(4B-2)i\:':~L~;;t~~C(4B-3)i\:ctJ:

IJ it~~~i\:( 4B-1) C '@J~ G L It ~ ~ 0

G (s) - 1 (4B 3)
3 - (1 +1O.2s)4 -

W-J:.J: IJ ~ff.J'Ei\:7· V /7 -1 / ~~i~l' 0 O)m'@J~11~;;t, *~"4"O)P1f~J~7 )vC'

j£[f~C'~~ 2: ci?~5ti?~~o *)(C':tt~c Gt~-ij-l' DO){~Ji~~~;;t(4B-2)i\:':,

fflJEO){±#1H@: Vm , Q ~{~A Gtst::lF.¥ia'~* ~1JD;tL7.J' Gt~ t> 0)C' ®~o

(Draper, N. R., 1968) and H. Smith (tpf1"WV : .£tffl@]Wff5tffT, ~~ttf:L~

(Gerstel, A. W., 1977) : Bed Blending Theory, in R. H. W6hlder eds, "Stacking

Blending Reclaimimg of Bulk Materials", p.321-341, Trans. Tech. Publica

tions, Clausthal, Germany,

(Holderbank, 1978) : "Etude des Matieres Premiere Campagne de Sondage

- Rapport Final pour Cimentrie d' Enfida-"

(mJlln~, 1965) : 1** EittJffl!Hap!l~, p.276-279, ~~«m

(~f1"~:A, 1975) *M~*: .£tffl~!>1T~IJ!l~, p.6-17, Bf4~~
(Middleton, R. H., 1991) and G. C. Goodwin: Digital Control and Estimation

A Unified Approach, p. 109-117, Prentice Hall, Englewood Cliffs, N. J.

USA.
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('8)IIi$, 1969) ~JlitE*, ~~-: 1'm~IJ~~~c:tJJ~tHt;t, p.25-26,

:JOj-ft

(Naigai Consultant, 1974) : "Rapport Comprehensif sur Recherche Geilogiques

des Materiares Premieres de Ciment Elasnam, Algerie"

( B*E111J~JftllJm~~, 1971) : 7° 0 -E A i1iiHreJl/\:/ ~ 7· ~ :7 , p.378-385

~~~h5

(Ozaki, K., 1996) ,M. Fukuoka and O. Habata : "Stochastic Process Representation

andAnalysis of the Homogenizing Process in a Cement Plant", Proc. 28th

ISCIE International Symposium on Stochastic System and Its Applications,

p.129-136, Kyoto, Japan (1996)

(~~fi=, 1997) ~:.t1H{~: "-E~ :/ ~ 7°5 :/ t-- JJitf-}~-g-~HffP-"O)~~tfJ)@#i>

ffjrH~O)#i>Jt]", SICE ~ 28 @))@#i>i1iU1~:/:/iF:; 9 b~f-}

(~~fi=, 1998) ~:.t1H{~. milii1JlEm: "-E~:/ ~ 7°5:/ ~7Ei'8"7°0-EAO)

~~:/ATb~mc:jiyHJT", :/AT biliU1ffP·~¥f1*~fRlj)(~. 11,241-250

(Papolis, A., 1965) : Probability, Random Variables and Stochastic Process, p.288

290, McGraw-Hill Inc., New York, USA.

(Roben, K. W., 1984) ,H..Rotzer, Wien und H. Vogt : "Experimentelle Errnitt

lungder Verweilzeitverleilung eines Durchalau - Mischsilos-" Zement-Kalk

Gips, 8. 413-420

(Rotzer, H., 1977) und W. Hagspie : "Tot-unt Augleichszeit-Unlersuchungen bei

Mahlanlagen mit Hilfe von Radioisotopen" Zement-Kalk-Gips, 2, 63-70

(-E~:/ ~m~, 1978) ~: -E~:/ ~I~~:::t:Ht~]§:7tX~5.HJT~1'tJf.l~771~::

~9~¥f1'6. f(;~~1JTWr~~~~~'6 p.146

(~*tw:, 1977) ~~J;f=, cp)II{~, Br$$'-L JiJJit~:"-E~:/~7°5:/

t-- O)~~~~J1ffP~~~::-:J ~~-C", )11 ~~¥&, 64, 1-8

(~*tf, 1985) 14383-£. ~~fi=. ~~}!:1t, mlii1JlEm, ~:.t1H{~: "-E~

:/ ~ 7°5:/ ~ O)~-g-~-g- . 7fi-g-~!!~O)OO~ (~-¥&) ", )1[~~¥Il,

90,65-74

(~*tw:, 1987) 14383-£. f-E~Jf=, ~~~:1t, mlii1JlEm, ~:.t1Hf~: "-E~

:/ ~ 7°5:/ ~ 0)~'8"~'8" . 7fi15"~!!$O)OO~ (~=¥Il) ", )l1~~¥Il,

95, 70-76
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5. 1 ~j: c: &9 ~:

JJJi~~ )\I A,.~A-g .;, DBfj 0) JJJi f-+ 0)~-g-lt 'd:- t~ fF:it c G, HM, SM, 1M 0)_

m~~fflll~ilc -g.;, waJ-g-fflll~ ~:M G, ~.q ~j:[g.~:t> m~ Gt~~~:, A ~ A

?t~: el.;, ut-:~ra'fmf1t ~M=':) PI fiitl1fflJ c J'1iJi{~~~~: el.;, ~-g-[t~ ~.tt\ffl G

t~15t!~ttEffl G, ~.q 0)-:17:/ r-~:})v:/~AO)JJJif-+*51O)m.5X:~l1J~~]x.;,

~*~••G~~~o G~G, waJ-g-M~O)M~M.~~, ~~AhJJJi~O).

*~{~~ ~: el .;, .!f~ *Jl.5X: 0)~ ill iI~ @:11€ -:1 0 ~ A 71' :/ 0)~{~ c tJ. .;, t-: ~t~ tJ.

<, JJJi;jSj. ~ )\I'/D~A ~:~ lt~~~j:, ~O)ut-:~ra' ~-a-&9t~iIl~i1i1~~{~ G~

lt~ ;: cell:>, tE*fiitl~ 0).7).~ ~j:~O)fiitl1fflJii ~j:~'"9 G:t> if£L@~ ~.;, :t> 0) c ~j:~

xtJ.lt~o ;: O)~tJ.M.0)~i1~{~~:M.tt\G1~';' fffilfJlll15J:t c G~Ji.tt\fiitl1iEP 0)~

ffl iI~:Jf X t;h.;,o *.~~j:5. 2 WJ~waJ-g-*U~M.O)~~tt.$fiitl1fflJ* c G
~O)~~ cJm.tt\fiitl1fflJ ~:M-g.;, =.- ;(~~1:!-g.;,0 ~~:~-g-*IJ1fflJ*iI'r~a9tJ.M

.fmil1T~J~~A G~FT~{~~1T?;: c ~:ellJ, HM, SM, 1M O)iIla9fmfl~

1W.8'H:1T? ;: c iI~te*.;, ;: c ~7J'-g 0 ~~: 5. 3 W~~j:lI.tt\$I11fflJ ~:M G, ~
~:~-1!t{~ (Landau, 1993) O)-~.:y?!t~~:£:5< STR c.$~ MRACS, ~

el <.J.~=1!t{~ 0) II~ fffiJ 1ffIJ 0) - ~J c G~~~.:y ?!tIJ ~: ¥ -:)' < Extended Horizon

Adaptive Control (EHAC) ~O)JEJ:t{~C~O)~~, ~ t; ~: ~j:waJ-g-fiitl1fflJA,.O)Ji

fflO)@~'d:-m~-g.;,o 5. 4WJ~~,-g~~.~0)~.;,tE*.~~c-~.:y

~IH:¥:5<.$~ MRACS O)-~~~el<.J. EHAC ~O)~~ =r. v-~ 3 :/~:

el';'iifj~lt~~1T?t~*5*~:':)~m~-g.;, (~dft;J, 1999) 0 W-J:.O)~j\t*5*

~ :t> c ~: 5. 5 WJ~ ~j:Ji.tt\fiitHifIJ 'd:-~ fj 0) '/D~ A fiitl1fflJ A,..£tffl-g .;, ii -g- 0) i1~

J~c~~:~~~*~:M-g';'~9l115~~::J~, .£tfflO)liiiil)t;faBM!G, 5. 6

WJ~~~O)~~~~~m~G*5<.J.c-g.;,o

5. 2 ~-g-fttJ1fflJ*O)~~~.$1fflHlijI*c G~O)~~ctE*$fl~O)r~~~J~

JJJi~~-g-fiitJ1fflJ*0)~-g-7D ':J 7~~, ~ 4.10 ~:~lt~~ 4. 4 WJ~m~ G

t~1:E*fflll1fflJ15$~j:~*~-g.;,c, ~~tAhJJJ{t4O)m.5X:~iIl~:el';' HM, SM, 1M

O)JJJ{f-+ ~ )vA D ~0).~71-~~:~G, A ~ A O)fmfl~'d:-M=':) PI *,11ff1J 0)/,\)\1

A ~it~~ G·c<z)~M~~*~:M=':)~~ 1T~J~: ell:>, iIla91iifl 'd:-~m~~SIli
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{:1it§L-, =J...tJ . =tfjtJ*c L--CO)Dl¥JtJ:~~T~~~~:a]i{!::Bt~{:J::~~

15-Bt~~C'1T"?-C~:I-Q C-g;it-Qo ~{:, ~ 4010 {::t:Ht-Q 7°D-eA71' /'1T
~Ij Bo is M 0ZMj oj O)~~C'65 -Q ZMj 1J~, ~15-Bt~~C'65 ~ 1J) c:~~~9 ~ Il9

J*f40).lfl:t5)*~lit1T~1j Z c -~9 -Q~15-~;;l, 71-!L c ~~f~t,p ~Jit::_m~O)

M~.~O)~~~.fi~~~-C~~fi~c~~, A~5-*cL--c~m~~

~ J:< ~£I! lL {: 1& '5 ;: c c Iii]~C' 65 -Q ;: c ~m~ L- t:: 0 ;: 0) ;: c 1J) ~ Z Mj ;o! Z 0)

- JlN: l¥J tJ:~ 15- {: :t> iIJ l¥J 1mfl f;;l~m~ {:~ L- ~£I! lL {: 1illi L-, ~~.* C: L- -C 0) 1&
~:lf;;lfltl¥JtJ:M~1mfl1T~J P E (M °Z oJtl ~~A G, 7°D-eA 0)71' /'1T~J Bo

c 0) FI3'C' 0) Bo 0P EM 0Z Mj oj 0(M 0Z oJt {: J::"? -C~·~O)itJlHrep. C:~"::) O)~

15-tt~£.O)FI3' O)T~ ~1mfl9 -Q 1J$~-~l¥JtJ:IDa115-itJIlfilll 0)1JitJ. C: G-CflJffl
'"C'~ -Q c:~;it ~ n-Q 0 ¥~~~O) 5 0 4 WC' ~ 2. .::L v- ~ 3 /,O)~~ C: L, t::

7°:7 /' r- 0) {?IJ C' :t>, UJ~ 0) jjt*~{!:: {: J:: ~ .lfl:t5)*~ lit1T ~IJ Z 1J~1JtM0) f~ (9
tJ:t>~ZM) J::~~{!::Gt::~15-C':t>, T~~9tJ:t>~ Bo'P O)~F~~l:Ji~;;l~

~l:Ji{:~G-C:a**~ 15 %~J3tC'65 ~, J:~20)~;it1J~~1I{:~:n:l-c:t>~Qpt

"fl.9 -Q ;: c ~~G-C ~ :I -Q 0 J;.J. r =fj 0)51rt;\ itJIJ fJIjl 0)~ i-;fs J:: rJ.~ 2. .::L V - ~ 3

/''"C' ttflt~~ c Gt::l'£*f!illfilll1J$ ~:l9n{:~ G-C:t> J:~20)~ ;it1J~pt ~"fl."::):t>

0) c G-c, ~9A~ :7-*'"C'(J)i1~~ltflt~1T'5 0 *-~:~~.* C: G-CO)1&~:I

~;;l~-CM~1mfl1T~1J P ~~A G-Cfltl¥J~: 1T~:I, ltJl¥JtJ:1m{l~;;l~mt~U!E."fl. {:

~1it§ L- -C ~:I-Q 0 J;.J.J:O)m~ ~ i16J15-fijlHIiJ O)fijlJ~~~ C: 71-!L$~i3 ~ -C(5-2-1)J:t

O)fm{: ARMAX =E:T)VC'~mL-t::...t.C'J;.J.r{:m~9-Qo

A(Z-l)%y(k)-=Z-d oB(Z-l)ou(k)+C(Z-l)ow(k) (5-2-1)

;: ;: {:, y(k) -= [MiMm,!::SMm,MMmf : =m~O)mltJ:iiO)?!tIJ~f~.I'\. 'l' r- )v,

u(k) -= [&i1'&i2,&i3f : _lit7.t0)~15-lt~£.~~9mfF~• .I'\.'l' r- )v,

w(k) = [WI'W2 ,W3 ,w4 f : ll9J*r..}O)±lit7.tO)~t+J~~ ~~9lEm 8fS~fj,

A(Z-l) = 1+ a1z-1+ a2z-2+000+a"z-" : Z·I {:~9 -Q A~ :7 -~l:JiJ:t,

C Z·I {:~9 -Q A~ :7 -~l:JiJ:t B'(Z-l) 1J) ~ tJ: -Q~tj{J:t1T~Jo

C(Z-l) = / + CIZ-1+ C2Z-2 +ooo+C"_lZ-"·1 : .::.m~ O)71-!L~tt ~~m9 -Q 31T

4 ~J 0)~l:JiJ:t1T~Jo
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J:~2C' Z-d 0 B'(Z-l) if· (4-4-7)J:tC'/F Gt-:~r-J. ~ )[,-7° 0 -t7-. 0) s ~~~)ifM1~
A(Z-I)

I:"!t /7°7 cti"\-)[,- ~ @J~~<@j~t-:*o)/\)[,-7-.~)ifM1~~~G-clt~~o

(~WI:~~L ~ 4. 10 1:~:)lt~-C9i-~L$o)/\)[,-7-.~jifM1~O)7t~~J}i:x:\;c~r-J.

~ )[,-~)ifM1~O)7t£J~:IlJ:t 0)~*0{f.~~:IlJ:tn~ A(Z-l) I:~~ 9 ~ n~, 9i-~L$

0) ~ )[,-tfj 0 1ltUO)~tUf~~m ~ C(z-:) C~m9~ et 51:~:Il:rt17~1J C(Z-l) O)~JJi
A(z- )

~~~9h~1:~0)~c~~~~o )

(5-2-1):x:\; 1::J:n~ -C, u'(k)=Bo'u(k)tJ: ~~~~Dl§ G u'(k)n'-' r; ~t-:%t~ ~i!t*

7°7/ !'c~~~c, ~~20)(5-2-2)J:\;0)~I:yc u'I:fM1G-cO)~)i~tt~j:~

-c%tj£j17~1J c tJ: ~ 0

A(Z-I)o]'y(k)=Z-d oB'(Z-l)o]'u'(k)+C(Z-l)ow(k) (5-2-2)

tJ:S, (5-2-1)J:\;0) B(Z·I)O)~F%tj£j :Ill: Z·I O)~JJiJ:\; ~<@jts-~Et-JtJ:~~~~

Jit\fffIJ~ ~~ ~ ~ ~-g.I: ~j:, ~~~* O)f~~ ~m~9 ~ -1 / ~ 7 7 ~ 17~J

(Wolovich,1976) (Dugard, 1984) ~~A G-c~Jit\fffiJfi!1J ~~.PX:9 ~~<~n~6;

~n~, ~O)f~.px:c-1 /~77~17~1J0)~~I:et~~Jit\ffi9HiflJtt1i~-"0)~., ~

r; I: ~-g.ffi9Jfi!1J*I:%t G-CfffiJfi!1J%t~ 0)~T)[,- C -1 / ~ 7 7 ~ 17~lJn~ cO)~ I: fM1

1*9 ~ n'-' o)~J}H:"':) It ~ "( Ij:, 5. 5 i'iH: & ~ "(~2Jz!! G t-: 0

'.!A {: 1£* f!ilJ fi!1J 0)~ *Jl C FI:I' 1m,~ , S et (J~ Jit\ fffiJ~ Jit\m1: 0)~,~ I: "':)~m~
9~o ft~ ~j:, 9C'I:m~ Gt-:1£*ffflJfi!1JO)15:x:\;~~< 0)7°7/!' f:flJm G,

~O)fffiJfi!1J~:1J*~~~G-c~t-: (~*, 1984) 0 ~0)*5*~~*~9~C, ~-g.

fffIJ1ffII ~ off Gt-:=¥tlJfffiHiflJ~~~:%t G, .±~rg~C'6; ~ HM O)~~~~~{f.~1/2

1:{tt~9~ ~ cn~tfj*-clt~~o PID fffU1iflJ~j:, JiJit\fffiHifIJ~13~t-:~1I0)7 ~/\

/ 7-. ~f!ilH~I/5~I:t~ G, %t~0)~~~T)[,-~~\9G t>~\~citi". n'-''?~o)

~~m;en~~~n)"':)fi5l:lt C' 6; ~ c c t> I:%t~ 7°0 -t7-. 0)~~~{1::9~b!>'.!A

~o)~{~~, 7° o-t7-. 7-1 /c~~~~0)/\7~-~O)~tlJl:MG-c!t~B9

DJ\7-. !'tJ:fffilfi!1J*C'6;~o Gn) G, ~-g.fffilfJl1lO)%t~7°D-t7-. C'6;~M[EJ~*51

li9=*~j:, 1'o-t7-. § ~I:-t/\ v-~ n'-' s O)jJJ~ii ~<@jts*C'6; JJ =1':tcj;E{:~

JJ {:>91t~ ~ c, *t-:(4-2-9)J:\; I:/F Gt-:~ {:, ~ O)~j;E~~tst.:~rB,n~M!t!t

{: et JJ ~tb9 ~ ~ c, S et (JLlJ~C'3*tm9 .Q~f-J.O)lf~m.PX:O)~{l::n~$tJ~%t

-76-



~ 7" 0 1:: 'A (J)7 -1 /1TjlJ~: W!1i~W ~lf;t, ;: tl c; (J)~jj]~: J: ? -rttJfffIJ~jj*

~:~{~ ~ :t t~ c;"9;: C iO~iff~tf:HfE-r tr~ ~ 0

-~, ~~~.(J)~.§.~.~"9~c, ;:tlc;(J)7"01::A(J)~~~~

L" -r:t, HM, SM, 1M (J)~/J\7.tf{ Regulation ~)lfiX L", iO~ -::J Tracking tEn~:t

f1tit#f-::J;: ciO~i!* L" tr~o ~~(J) §.~j:, JW:;¥:-}2 )v~~(J)7·v /T~ /7'-tf

-1 0 (J)m~~tt~Ji~lvt':J:c:~~m.(J)~:iEfOO: ~fltiB9 ~:~~"9 ~iI~iO~,

~~1:: j. / r- (J)&fj~~ ~=1=-)v /C:(J)11tfiX:/j(r5t~: J: ~)I~:/j(~(J)~~~ § B9

c L" -r~lJffl"9 ~ ~~iO).® ~ t~'(/)C:® ~o ;: (J)~ter.~~(j)~·I1~{~~:J;t L"L~

.£tffllJ~1 (j).£tffl iO).~;t c; tl, ~~~:~ffl L" t~ -WU:t~~ ~ tlL tr ~ ~ iOf.(Csaki, 1978)

(Westerlund, 1979), tr ~"ftl:t - ~.:yiJtIH:£-:j'<~.£tttJfffIl~~C: ® I:J, 7" 0

1:: 'A (j)~i1~{~~~: tl't,:~ra' (J)~{~ ~:J;t Go J\ 'A r- ter.ttlfffll* C:~ tr~;: C, ~

c; ,: 51- iSL~ ~: J::. ~ ttl fffIl jI; (J)~{~ ~: J;t L" t~11=:il iOf.~*- ~: ter. I:J "9~Q ,rR.. J: I:J 1£*

iffIJfffIl~~~:~~~;tl~~ c~j:§tr~if£tr~ (PE~, 1997) 0 -~, MRACS c STR

~"'2i'(/)t~~.£tifflJfffIl(J)~JlU·~*l~~:f% L"t~~~ (Landau, 1993) ~, 7"01::'A

ttJffflJr.,,(J).£tffl (J)ILrR..iO~ c; (j)~:f%B9ter.~~ (Seborg, 1986) c~.lt L" -r, ~~

ifflJ fffIl r." (J) .£tffl (J) ItrR.. iO~ c; ~.tt $IHifIJ 1:1~ ~: J;t"9~ ffl ffl (J) .1* ~ j:.l2J-"F (J) [l9 ,rR..~: *

c,(/)c;tl~o

(1) $IJfffIlJ{IJ c J':7 j. - ~ ?i:iEmtm~"'2i '(/), ~~B9 ~:J;t~ (j)~{~~: 0 J\ 'A

r- ter. tlJ fJIll c: ®~ ;: c 0

~ tI'~~~#&~c§5.-m~(J)B.tt~.(J)~~~~5~.#®~o

(3) ::f:tc:iEter.~,rR..~ti ~#f::>*~: :tJ;t.tttfj*~ ~\.iO~® ~ 0

~ .l2J-J:~~*;t~J:C:, ~~.*r.,,(J)~*~Ji~L,,~#f~~~~fiXC:

®~;: Co

*Wic: ~j:, .-m{~ (j)~.ttffllJfJIll (j) P'J, iff$ 51- i5L ~:J;t"9 ~ ~/J\7.tf{fIjIJ.tEn~

~ § B9 c L" t~ , Self Tuning Regulator :J3 J::. r.J., Dugard & Landau ~: J: I:J t~ /J'~

tl t~ Stochastic Model Reference Adaptive Control 1.* (J) :iE~{~ c -'f (j)~~ . rR9

~;rR.. ~~~ L" t~J:C:, J:~c(J) tl9::> (J) §.~~pX; L" 5 ~ PJn~tEiO~/J'~ ~ tl-r tr~

~ (Dugard, 1984) (Ydstie, 1988) , Extended Horizon Adaptive Control $~

iMJ~ttJ. * ~:Bffl"9~~~ (J) :iEJ:t{~~:::> tr ~ -r~ /'(~ 0
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5. 3 Ji.Ltffl/IffEIJ:1JJt (~/J\5}~~ STR, Stochastic MRACS, EHAC) (j)

Ii:Jtfl:::c~W

Ji.Lt~JffEIJ ~J: ~ <~] Gn L It:l.Q t~U:, 1::)v 77-.:I. - =:/' :~l V =¥.:I. V - ~

(STR) C;cT)vm~~Ji.Ltffl/HrelJ (MRACS) (j)=:1JJtn~~rnulY-J1**t ~ It:l,

n-' ":J~ ffllY-J I: :t~ (J) 1iffif~ n~ ~~ ~ Gn t::. :1J~ -r ~.Q (gt?ft1J 13 t'J fffrJ ffEIJ~~~ ,

1983) 0 ;: (J) pq STR ~J:~$f!jfI1ffll* 1:J:;j"9 .Q f!jfI1if1l:1JJt c GL ~~ ~ n, ~~:

Regulation rl:l~ ~ ~ ± c G L 1& '5 7° 0 1:: A fffU ffEIJ A... (J) .Lt ffl n~ ~ It:l (Narendra,

1980) 0 -:1J MRACS ~J:~Ii:*~J:;j~H:Ii:Jtfl:::~n, :ti:li:fRi~±1*c G t::.J\

:7 j.-~(J)1&*i1(J)1Wffi~, ~'ATb~~~:£':J< ~~~*A...(J)~*, OJ\

A "11(J)~i;j~~~Im(J)liJf~n~~IuI:fTbn.Q c c:t ~:, .LtfflIm-r~J:~(J)m

pX; J: Tracking ~± 1* c G t::.~ - ~ rl:l~ ~ ~:.Lt ffl ~ n.Q (J) n~- ~ lY-J -r~ ? t::. 0

ftn~~-r(J)~~Im-r(J)~i;j(J)~ <~J: MRACS l:fMI"9.Q t (J)n~*=¥-r~ lJ, G

n-' t ~$lY-J7i- iSL ~:J:;j"9 .Q fffUffElJ11~Ji.LtJtIJ (J)~i;j ~ flti lY-J~:fT? t::. t (J) ~J:~ J>
tJlt:l (*:f'~, 1996) 0

-:1J, Mill! (J) f~H: iIJ~ fffrJ ffEIJ * ~J: , ~$ 7i-!L~ <2i ts fffrJ ffEIJ * -r~ lJ, ;:;: -r ~J:

m-"titf~(J)Ji.Ltf!jfIfi11l (J)f~£H~U c G-r Astrom G~:et.Q ~/J\5}~ STR C Landau

& Dugard ~: et.Q Stochastic MRACS (J)Ii:Jtfl::: c ~(J)~W . rl:l~~}~ ~m~ G,

~ G,:m= "tit f-t (J) Ji.Lt ffflI1ffll (J) pq, Ydstie I: et lJ 1~~ ~ n t::. Extended Horizon

Adaptive Control ~(j)Ii:Jtfl:::C~(J)~W~:":J It:l-rm~"9.Q 0 tJS, M=~(J)

Ii:Jtfl:::~J:It:l9n t 'A jJ :7-* c G-rfilt:l, EHAC ~~: ":J It:l L ~J:, (5-2-2)Jt~

t c ~:=A:1J . =lH:1J* c G-rfT? t::.o

5.3. 1 ~/J\5}~ STR (j)Ii:Jtfl:::C~~

~<~ Gn L It :I .Q~ ~: ;: (J):1J Jt ~J: , A.strom ~: et .Q~$ ffl/I ffEIJ*~: J:;j"9 .Q~

IJ\5}"*~JffEIJ:1Jm (Astrom, 1970) ~flJffl G t::.Ji.Lt~JffEIJ:1JJt-r 6;.Q 0 J:;j~ ~,

A(Z-l). y(k) = Z-d B(Z-l) ·u(k) + C(Z-l). w(k) (5-3-1)

(J)'AjJ :7-*(J) ARMAX;cT)vC"9.Qo w(k)~J:1f~tJ5}~d ~t.¥":JlEm118

'@.~if*~J c G, A(Z·l), B(Z·l), C(Z·l)~J:-~i1 ~~ '5 ;: c tJ <~~2(j) 'A jJ :7

~JJiJtc "9 .Q 0

(5-3-2)
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(STR-Al): ~~ n, m fj:~~-Z:d;Qo

( STR-A2): tJt.:~rB' d ( ~ l)fj:~~] -z: iY.> Q 0 "9tetV"5 bo~O -z: d; Q 0

(STR-A3): ~lJiP:;A(Z·l),B(Z-l),C(Z-l)fj:~*~-Z:d;Qo

(STR-A4) :B(Zol)fj:WJTiIT~JE~lJi:t\;-Z:d;Qo "9tetV"5. B(Zol)=O O)~LO)*,~

n~1li{IT:PHi\.J qzl<l) t:r¥1:E"9Qo

( STR-AS) : C(zOl)fj:WJTiIT~JE~Jj:t\;-rn~:J C(zol) -)../2 fj:%ilE~tt ~fr£J,@"9 Q 0

2:. 2:. f:. }Jj:~~o)l\:7j. -?7 iirt;\JtIJ-z:lfit Q i*~-r d; Q 0

*~. iirt;\~.~~~"9Q~-Z:. -g&~lJi:t\;O)~~~~~~~itd~~

1Jc0) Y o)Tt!tUf~.9(k + d) ~~ it Q 0 ~O) Diophantine tg~:t\;~fIJJf.l GL~lJi:t\;

R(Z·l), S(ZOl)~~A "9 Q 0

C(Z-l) A(Z·l). S(Z-l) + Z·d R(Z-I) (5-3-3)

t:::. tf. G. S(Z-l) 1+ SlZ-l +.. ·+Sd_1Z-d+1 (5-3-4)

R(Z·I) r. +rz·1+···+r z-n+1 (5-3-5)o 1 n-1

2:.0)m~p:;~~Jf.l"9Q~.R~SO)~.~~~0)~~~~-.~JE*Qo

C1 a1+ SI' C2 '" a2 +als1+ S2' "', Cd_1 = ad_1+ ad_2s1+···+a1sd_2 + Sd_1

Cd ad +ad_1s1+···+a1sd_1 +ro' ···'Cn an + an_1s1+···+an_d+1Sd_1 +rn_d•

O ans1+an_1S2+---+an-d+2Sd_1 +rn_d+l' , O... ansd_1+rn. 1

y(k +d) ... [R(Z-l)y(k) + S(Z-l )B(Z-l)U(k)] / C(Z-l) + S(z-l)w(k +d) (5-3-6)

ti"52Hg-lJifj: k ~,~-Z:fijlJ.*n~ c; l&t~ 1ij"~tetf~~f:J: ~ -@J~Iij"~-Z: iY.> Q 0 ~

c;~wWO)e@tt€~Jf.l"9h~.d~~1Jc0)yo)T••~~~0P:;-Z:**Qo

y(k +d) ... E(y(k + d) Ik] ... [R(Z-l )y(k) + S(Z-l )B(Z-l )u(k)]/ C(Z·l) (5-3-7)

~ d ~,~1Jc0) EI ~1~*~J€ YM(k +d) ~ G. y(k +d) ~tl:HI~Qt':~tYM(k +d)

f:-~c;-ttQ2:. ~ ~~ it Qo (5-3-7)P:;~fIJJf.l"9Q ~ k ~}~O)tfk~f~~ u(k)~

GL~~20)(5-3-8):t\;0)#i f:~/'(ft. (5-3-9)P:; O)#i f:. EI ~1@: ~ Tmlj{~ 0)=*

~~~1iffim~ 1J ~filj\ f:"9 Q 2:. ~ n~-z:~ Q 0 2:. 0) 2:. ~ n~fi/J\jt~fijlJ. O)~

flfjO) eB1t-Z:d; Q 0
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u(k) = S(Z-I)~(Z-I) {C(Z-I)y M(k + d) - R(Z-I)y(k)}

= -..!.-[C(Z-I)y M(k + d) - R(Z-I )y(k) - {S(Z-I )B(Z-I) - bo}u(k)]
bo

(5-3-8)

(5-3-9)

E[J1J = E[{Y(k +d) - YM(k +d)y]

=E[{E[y(k +d)lk ]+S(z-I)w(k +d) - YM(k +d)y]

=E[{S(Z-I)W(k +d)y]+E[{E[Y(k +d)lk]- YM(k +d)y]

~ E[{W')W(k +d)}' J-(1+ %S}'
==1:, S(z-I)B(z-I)-boES'(Z-I)~'j:,z-I~.bCl:O)~~J:tC'c15IJ, (S-3-8)J:t0) U

,:~g- ~~~'j:~l~*I:l& -:> t-:i*fFtfj1JiJ~ G~~tfj*~ =C I:tJ.? l~~~ 0

(S-2-1)J:t C(S-3-8)J:tet IJ ii/J\?t~iffiHiflJmO) 7· 0 ':J 7 ~~ ~ ~ S.l I:~ Gt-:o
(S-3-8)J:tC' bo I: et ~ ~~~ IJ iO~:£ c: tJ. ~ ~ t-:~ I:, 1&:5E(STR-A2)iO~~\~C tJ. IJ ,

~ 5.1 J: IJ :: O)fIjIJfiflJj]mC'~'j:, B(Z'I)O)~ • ~;f§~iO~¥*C' c15 IJ, 1tt-:> -C 1&:5E

(STR-A4)iO~~\~ctJ.~:: C ~?tiO)~o

A !y(k)
I

'------1-,

r---_w(_k)t--i
.----....:....---, !

. C I
! t-f~7" - !

I D~A A I
,......-----, ! + !, I

1 I !. !

SB

+c

R

~ I: A(Z·I), B(Z·I), C(z-l)O)~i"f-~iO~*~ O)~'8-O)~~fIjIJfiIllj]J:t I: ':J ~~ -c, ii

IJ\?t~fIjIJfifIJ~ii.5tg-~ fIjIJfifIJ* O)~~, g-tJ.v!> bo C R(Z·I), S tz-I)O)i"f-~ ~~

~~I:*~ ~ oo:1ti!C'm~g- ~ 0

*9:1]/\:7 j.. -?' x.. 7 l' )vB ~ ""f~2 Cg-~ 0
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(5-3-10)

"c. (J)r\.? r- )v~fIJ}f] G, ~ 6 ~: k a:i¥J~-rA ¥ -r~ ~, mff c:)&1*~: 1~ 6 nt-:

flJlIfifPlL 1~HFii, *~tfj1J(J)*~H:J:~ Regressor r\.? r-)vtP(k)~""f~2-r~

A"9~o

c/>(k) = [y(k),y(k -l),···,y(k -n +1); u(k),u(k -l), .. ·,u(k -m -d +1);

- yM(k + d -1),- yM(k + d - 2),···,- yM(k + d - n) Y
"c. n 6 ~}f] l,t ~ ~ c: (5-3-8)J:t (J) ~ffi ~~,

f(k)T 'B(k) = YM(k +d) (5-3-11)

;tt-:~~, u(k)=~[YM(k+d)-BIT(k)'f/(k)] (5-3-12)
bo

c/>'(k) = [y(k),y(k -l), .. ·,y(k -n +1); u(k -l), .. ·,u(k -m -d +1);

- YM(k + d -1),- YM(k +d - 2), ... , - YM(k + d - n) y
1\7 j.-~~J;tJl.lJC:G'"t"""f~2(J)(5-3-13)"'(5-3-15)J:t~fIJ}f]G'"t", ~*B ~*

~'"t"l,t~<o

8(k) =8(k -1)+ F(k -1)' ¢{k -d) ·e(k) (5-3-13)
1+fT (k -d)· F(k -1) 'f(k -d)

1 [ A2 (k)· F(k -1)' c/>(k -d)' c/>T (k -d)' F(k -1)]
F(k) = ;, (k) F(k -1) - ;, (k) + A 2 (k). c/>T (k _ d)· F(k -1)' cP(k _ d) (5-3-14)

AT
e(k)=y(k)-fJ (k-1)'f(k-d) (5-3-15)

t-: tf. G, 0<;' (k) sl .t:> J: Lt, Os~ (k) < A <2 ~fr£jJE"9 ~ "c. C: 0

J:~2 (J) 1\ 5' j. - ~ ~J;tJtIH:::> l,t ~ '"t" ~~, ilJ;tJtIJ (J)WJf1!::J:t ~ili~ (J)W7t15f¥J:t

~:~~~X '"t"~tJT"9 ~ Ordinary Difference Equation (ODE) $ (gf?Jj,iJf3lJJf!JiJ

m~~~, 1983) ':J:~fiijm1/£*ttt.l~i*IDE~n'"t"l,t~~o

.bl-J:~~~G'"t", ~ 5.2 ~:/\5' j.-~iMJ;tJtIJ~13~t-:~/J\7tm:~ STR (J)

~PX~7J'Gt-:o
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w(k) I,
i

t-J~7'
C I-

(k+d) O-tA A I
"'-

z-dB k!+ I

+ 1 u(k)
I

" I
--. C (z) r--+C~_ A

Ibo
I A +I I/I I

~i'- ~ 5'(z)
-J
y(k)

v
"R(z)

V
9 Adaptation Algorithm

'C..(J) STR (J)~~~""f~a~:7J'"9 (Goodwin,1984) 0

(a) :ft/J\7t~~ STR (J)~JixJ;t£*I~I'~H:d ~,g;t(J)-~TntiH:£-::J<fljlJfl1IJ"""E

~ fJ, tfk~ tJj 11 1J~JM1*~: tJ. fJ "9~0 ~n1J~~ 0 0

(b) ;: (J) ;: C ~:t-J~"9 0 t.:. ~~: (5-3-9) ):\;(J)~1iffi~~~:JM1*tJ.m~tJj 11~:

M"9o Penalty ~~ L, t.:.:Ix. (J) i¥1iffi~~~~X 0 ;: C 1J~ tJj*0 0

J 2"'{YM(k+d)-y(k+d)y +YU(k)2

;: (J)~X~: J:: 0 STR (J)~fiX;~j:, Clark t>~: J:: 0 -~f~~/J\7t~fljllfl1lJ~

(Clark, 1975 *t.:.~j:, *r~, 1995) c~1iffi"""E~oo t.:.tf.L,;:(J)15~"""E

~j:, Tracking ~::M"90 ~~{~iH~~~ ~ 00

(c) £J-l:(J)r~~~~::M"9o l3~tJ.f1t5Hc L,-C, ~~flt~OO:1ii¥1iffi~f{~:An

o (J) """E ~j: tJ. <, Reference Model ~ ill 11 C L, -C i¥1iffi"9 0 ;: C1J~~ ;t t> n

00 'C.. (J) MRACS (J)~1i!~l&-::> t.:.fi/J\7t~fljlJ~~(J)-17iJ1J~:lx.lJi (5.3.2

lJi) (J) Stochastic MRACS (J)~fiX;-e~ 0 0

(d) :&/J\7t~*,J1ffII~~j:, ill11(J) d IF.f,g;t~fillT~.lJflt~ Feedback ~.lH:

fllffl L, -Clt~ 0 ,g"""E, OAfljlJ~~A ~ A ~fmfa:~ C1iiJ~~~;t -r:~ 0 0

A 2. A(J)fmfa:~~fIJffl"9 0 c, ~<~ t>n -Clt~o~~:tI'tf.lF.frB'd ~
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iMffflJJv-:1;r}. ~:~ v~ ill G, $IJfffIJ* ~j:*5*Et9I:(5-3-1)Jt 0) B(Z-I) ~::M
A(z-I)

G-C~~~t~~j: Tuning 9"~ 0) C: [PJ~ c:tee~o -jj(5-3-1)JtO)=E:TJv

-r: C(z-I)=A(z'I)O)~'@jO):lti/J\~~ifjll1ffll~H:::t:> ~t ~ y O)TUtIJ~~j:,

A(Z-I).9(k +d Ik) = B(Z-I)U(k)

~ fr£J t~ G-C:t:> IJ, A ~ A 0) fm 11:~ c: [PJ~ tee Open-Loop * 0) T Utll~ I::

M G fffU iiJfI*~~~ G -C v~ ~ ~ c: ~: tcJ. ? -C v~ ~ 0

5.3.2 Stochastic MRACS O)~Jt{r: C: ..:c0)~~

MJzt! O)m/J\~1fi~ STR C: =E:TJvmfB~~.LtfffUfffIJ ~j:~.t< ]j1J -f< ~:: f**{r: ~n
-C ~ t~tJ~, 1979 :¥ B. Egart ~: J:: IJ, ~n G=-:::> O)jjJtO)~fiHi't~tJ~f§'~ ~n
t~ (W[, 1993) 0 Landau t>[PJIF.¥WH::~$;r}.%Lff1:E""fO) MRACS c::lti/J\~1fi

~ STR ~:MG, ..:c0)/\7 j.-~~.LtJtllO)~fb{tt~-a~-cMc-Gt~f!~JlOO

~1T?-CV~~ (Landau. 1981) 0 ~ GI: Dugard & Landau ~j:, ~O)~it~~

~ G, ~~f~ O)~{r:tJ~~ < ~$;r}.%LO).7).tJ~ff1:E9" ~ ~-g-I:::lti/J\~1fi STR C:

G-ClIJfF G, ~$;r}.%Lff1:E""f-r:~~f@:~{r:n~£t;~ ~-g-~: 'j:, m/J\~1fiTracking

~Ji~9~ MRACS ~ Stochastic MRACS C: G-C1~/l'Gt~ (Dugard. 1980)

(Dugard. 1982)0 ~O)'.~~j:, 5. 2 W-r:Jzt!/'(t~~-g-$IJffflJO)§~~::~3&G-C

~~ ~ t~~, ft-f< ~j:m-iit{~O)~.Lt$lJ~1O){~~~JC: G-C ~ O)jjJt~ 1& IJ .J:~f,

..:c O)~Jt{r: c:~~ ~W-""f 1:~29 C: C: t>~: 5. 4 roll: ~ ~ .:z. v- ~ 3 :/~:: J::. ~

$IJ~ttfI~O)~~:g*5*~/l' Gt~o

~9$1JffflJM~~, J:: IJ -~l¥-JtcJ.~o)=E:T Jv-r:~9" 0

A(Z-I)·y(k) =Z-d 'B(Z-I)'u(k)+v(k)

N(Z-I)'v(k) = M(z-I)·w(k)

A(Z-I) =1+a1z-1 +a 2z-2 +···+anz-n

B(Z-I) =bo +b1z-1+b2z-2 +···+bmz-m (bo;o! 0)

N( -I) 1 -I -2 -n
Z = +nlz +n2z +"'+nnz

M( -I) 1 -I -2 -n
Z = +m1z +m2z +"'+mnz

(5-3-16)

(5-3-17)

w(k) : :lJL:t$)f~ 0, ~1fia2 0)!Em 8 t5J!Wl~

W-""f0)1i-:::>0)f&~~~< 0
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(S/MRACS-A1) : ~~ n, m ~J:J;lt9:Do

(S/MRACS-A2) : tst':IF.fFa' d ~J:J;lt~o

(S/MRACS-A3) : A(Z·I), B(Z·I)~J:B:. ~Cl ~:J;lt*~tJ:~~Jto

(S/MRACS-A4) : B(Z·l)~J:WJii1i:ti:IE~~Jto

(S/MRACS-A5) : N(z·l), M(Z·I)~J:B:. ~Cl ~:J;lt*~tJ: WJTi1i:ti:IE~~Jt

*SfHU~7tI:~"9 C: ~ O)JI~ifflJ1ifIJ1JJt~J:..t~20)ifflHrepM~I:M l", ~ 5.3 0)

~~~~~, ~0)~~~1ifIJ~~~~~o

$I1• .aU: S'(z-l)u/(k)+R(z-l)y/(k) = [D(z-l)-Q(z-I)]·YM/(k) (5-3-18)

t::. t.: G, S'(Z-I) ~J: B(Z-l)S(Z-I) 0)~~JtO)~~O)mlEfOO:~~*1:fij:::J~~

Jt, ""f~* f ~J: ~~9.n:t~ 5. 3 I:~ Gt::.~ I:~~~~O) lIL(Z·I) (L ~J:-1::='Y

:7 :ti:1E~~Jt) ~: J:: ~ 7 ~ )v?7 -fOO: ~~"9 0 a:. t::. H1(Z·I), H2(Z·I)~J:/\ '7 j. - ~

JI~ J'tIJ 0) 1& 31H1 0) t::. ?t.> I:~A "9 ~ -1:: ='Y :7 :ti: IE~ IJi Jt C' cl0 ~ 0 D(z·l) ~;;t ,

Regulation ~tt ~mlE"9~ -1::='Y :7 ~~Jt, R(Z·l), S(Z·I)~J:~o) Diophantine 1J
WJt ~fr£Jt::. "9~~JtC' cl0 ~ 0

1) ~1Ea9 (v(k);sO) t-7'Y=1=-/ifO)~-g-:

D(Z-I) = A(Z-I). S{Z-l) + Z-d R{Z-I) (5-3-19)

2) ~$71-~~:M"9~ Regulation rt:l,~O)~-g- :
M(Z-l) =A{Z-l) ·S(Z-I) +Z-dR(Z-I) (5-3-20)

~ 5. 3 Stochastic MRACS O)~~
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~~~~~j:, (5-3-18)it~~~Gl,

(jT (k) ·,pf (k) == D(Z-I). YMf (k + d) (5-3-21)

8T(k) == [ro(k),.··,fn_1 (k);bo(k), s; (k),.··,S~+m_1 (k);ql (k),.··,qn (k)]

'4 T (k) == ~ f (k),.··,y f (k - n + 1);u f (k).,u f (k -1),. 0 0.,u f (k - d - m +1); (5-3-22)

yMf (k + d -1),.··,YMf (k + d - n)]
1'f\7~-~iiR:\j{lJ: ~rO)~{~it (5-3-23) itt:~m~n~o

8(k) = 8(k -1) + F(k)· ~ f (k - d) y(k)

1 { A2 (k)OF(k-1)0'4(k-d)0'4
T
(k-d)'F(k-1)}

F(k) - -- F(k -1) - -----':=----"------
- ~(k) ~(k)+A2(k)°'4T(k-d)oF(k-1)°'4(k-d)

y(k) =_l_[HI (Z-I). L(Z-I)P(Z-I)yf (k) - It (k -1)' '4 (k - d)}+ ,B(k)· y(k) ]
a(k)

a(k) =1+ '4 T(k -d)oF(k -1)0 '4(k -d)

,B(k) = {1-H2(z-I)}+ {1-H1(z-I)'L(z-I)}0 '47(k -d)oF(k -1)0 tPf(k -d)

(5-3-23)

;: O)~pt\mlHfflJ*O)*~~j:, ~$71-%LtJ~fftfGtJ: ~~~fJO) MRACS O)mpx:~:M

G, ~ 5.3 ':/J'Gt.::#jH:~JEf~@]~':~1mfl~* Q(z'I)~ijiA9~=c':J::

lJ, ~$71-%Lfftfrt:J1l/J\7tWi Regulation ~~PX:G-:J-:J, 71-%LtJtfftfGtJ:~:l

~fJO) Tracking tt1i~O)CJ;{~~1mf1tt:~~ ;: C ~:~ ~ 0

9tJ:h!> , *~~~)z!!9~ C :

(a) v(k)aO O)~JE*O):ijjfJ: ~ 5.4 ~:~~t:/J'Gt.:: Feedback *O)-EJi~~O)

7tiij:tJ~J:.~cO)~pt\~JH:J::'?l D(Z-I) ~:~*G, tJ)-:J Q(Z·I) ~j:"O" ~:~*

9~o 1JE~~,

AM (z-I)y(k +d) => BM(Z-I)UM(k) (5-3-24)

c tJ: lJ, D (Z·I)t:t~JE Gt.:: Regulation tt1i~ c miB~T)V ,:1JE '? t.:: Tracking

tt1i~~-g.hit~'?llt~~o

(b) ~$71-%LtJ~fftf G~JE~~{~O)tJ: It:l~-g. : Feedback * O)-EJi~~O)7t-BJ

~j: M(Z·I) ':~*G, tJ)-:J Q(z·l)~D(z-l)_M(z·l) cfetQo :.O)~.g-,

S'( -I)
y(k+d)=>YM(k+d)+ N(;-I) w(k +d) (5-3-25)
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C tJ>~ 0 tit"? -C, N(z·I):l O)~.g.~: STR C fl3J-f.JjX; c tc:t IJ, ~tJ\?t~

$fJ 1illl~)i JjX; tfj *=~ 0

(C) ;::0J:15Jt:t d ~l~~7'cO)-~T~IH:d::~JiJit$fJ1illljJJt-r~ IJ, d ~ under 

estimate Gt-:~-g-~J:mf'Ftfj7JO)j&1*~, ~-g-~:d:: IJJiJitJtuO)~~~m< ~

ntJ~if5 ~ 0

(d) JiJitJtIJO)JnoRtt~tH*O)t-:&)~:.:c=~ ?*JE~~Jt Hlz· 1
) , Hlz·I)~~gf

~* c G-C¥f.A G-clt~~tJ~, .:cO)*~~tc:t~JE15it~j:~2" n -cS ~9, Trial

& error ~:~ ~~..~ ~1~tJ: lt~o

O)[9/~~*~j~;:: ctJ~-r~~ (~*, 1988) (..EE~, 1997) 0

tc:tS, J'\ 7 j. -?7 O)l{)ORtt~:-::)lt~-c:t STR c fl3J~ ODE it~: d:: ~ FiJPJT~*tt

tJ~~ ~ n -clt ~ ~ 0

5.3.3 Extended Horizon Adaptive Control(EHAC)O)JEJtf~ c~~

EHAC it~J:, SISO *~M~c G-c Ydstie ~:d:: 1J1~~2"n (Ydstie,1984) ,

=Mf~~~~l{)(77:/ r- 0) fljlJ1illlA.. O)JitJ:fJ fF5*tJ~l£*=15Jt ~:lt~ G, :ff~:J.J-r ~

~ ;:: c tJ~~i5 2" n -clt~ ~ (Ydstie, 1985) 0 a:. t-:, m-i!!:f~ O)JiJitfljil1ilPmJjX;

~O)~~~~JE-r~~, ~~~~~~~-r~~;::c~M~~~~~~2"n~

c c :t ~:, B(Z·I)0) ~ili:*JEtt~:M~~ 1&JE~: -::> lt~ -c :t~fD -r~ ~ 1iJ1i~tttJ{

~P3i~ n ~ c c :t ~:~~~*A..O)Rt~:t>tc:t 2" n -clt~ ~ (Dugard, 1984) (Ydstie,

1988) 0 ;::O)$fJ1illl$O)JEJtf~~:MG-C~J:, M~c G-c~-g-$fJ1illl~~x,

(5-2-1)Jt~ ~ lt~~j:(5-2-2)lt-r~2" n~~~~*~~X~o

EHAC -r'j:.:rO)mJjX;~(5-2-1)ltO)M~~:M Gtt,rO)1&JEtJ~&:,~ c tJ: ~o

(EHAC-A1) : wj(k)~J::ffl5Htc:t?t~ o} ~r.i-::> iEm. 8 i3JtWJ~-r ~ ~ 0

(EHAC-A2) :~t~~ra' d 'J::ff~R-r ~ ~ 0

~.g.~.~~.c~~~-g-, [9.O)m~~~=h~~JjX;~~~;::c~3S

~:1l~-r~, a:. t-:-~~tc:t~. ~~X ~~.g. :t~73IJtc:t~JE-r ~j:tc:t lt~o

$!JftJ~ 0)~.6XC~Jt{~

EHAC $fJ1illl-r~J:, ~.O)~t~~ra' O)~*fOO: dmaz ~:~ G-c, T~IJ~ra' T (T~maz

tc:t ~fg~)~~A G, E{y(k +T) IYk}= YM (k +T) ~fr£Jt-:~ u(k)~~~*&)-clt~

< ;::c~£*c l..,,-clt~~o tc:tS, E[·IYk]~J:, k ~/~a:.-r~:fljil.*tJ)~1~~n

~~¥tt~.g. Yk ~£~: Gt-:WH~{@: ~~ l..", YM(k + T) ~J:m.~.:c7)vd:: IJ 1~ ~ h
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~ T 1I~.L~J'cO) El ~f@:*~J"",,:7 r- ){,tC' 6S ~ 0 ~ 9 Diophantine :lJWJ:t ~(5-3-26)

J:tC'~A9 ~o

S(z-I)A(z-I)+z-TR(z-/) =1 (5-3-26)

5(Z-I), R(Z-I) ~;t~.«, (T-1)~,(n-1)~0).A7J 7-~~J:tC'6S~o (5-3-26)J:t~

(5-2-2)J:t 1: f-tA G ~tfj 11 y; ~':~~9 ~ C: :l&~Et-J ':(5-3-27)J:t~ 1~ ~ 0

Y; (k + T) = rpt (k)· e; + F(z)' w(k) + p(Z-I). w(k) (5-3-27)

t::.. t:!.. G,

(g (k) = [y;(k),y;(k -1),··,y;(k -n +1);

u; (k +T -d),···,u; (k +1),u; (k);u; (k -1),··,u; (k -n -d + 2)]
(5-3-28)

e;=[r;,o,r;,I,",r;,n_I;8;,o,,8;,I"', 8;,T_d;8;,T_d+I"'" 8;,n+T-2 f (5-3-29)

F(z), p(z-I)Ij:, w(k) 0), ~.«:f.f*C:i&l*O)*~IH:1*b~M~,~~O)~*~

'2;"ts~~J:tfT~IJC'6S IJ, w;(k)~ lEm B@i&lfj C: {&JE: G t:::..;: C:, ;6 J:: rJ1iJJ. ~

@:f-+ia' O)tJiPX; 1:1~H~~ O)~ lt~ ;: c:~;t§ ~~ C' 6S ~ ;: C: J:: IJ ""f~2 0) ~J:tn{px;\'r G,

:a~Et-J1: (5-3-30)J:t ~ 1~ ~ 0

E[Yi (k + T) - F(z)' w(k) IYk ] = E[Y; (k + T)} E[P(Z-l). w(k) IYk ] = 0,

E[{P(z-I)'W(k)YI Yk ] = ~ ~Pi.ja/ < CXl

E[Yi(k+T)]=rpt(k)'8;(k) (5-3-30)

..t ~2 0) (5-3-30) J:t 0) ~ $ Et9 tJ. ~ 1* J:t ~ ~IJ ffl G, EHAC m1j1iij C' 1;t ,

u; (k), u; (k + 1), · .. ,u;(k + T - d) n{~0)(5-3-31)J:t~~t::..9#JH:~....5~0)C' 6S ~ 0

T-d
y;.M (k +T) - iP,T (k)·l7; (k) = y;,M (k +T) - h; (k +T) - )' f3;,j .u; (k +T - d - j) = 0

~

(5-3-31)

n-l n+d-2
h;(k+T)= )'r;,jy;(k-j)+ )' f3;,j+T_dU;(k-j) ~;ti&l*O)y; c:u;C'~#-r~~*

~ f:t
~ljC'it;~o (5-3-31)J:t~;t T-d+1 OOO)*~~u;(·) 1:J:;f G-@O)J:tC'it; IJ, (5-3

31) J:t ~ #iJ*~ 1tf C: G -C J;J, ""f 0) mtJ. fflIj1iij 15~ ~ ~A G, receding horizon

(AstroID, 1995)0)~X':J:: IJ, ~~u;(k) ~J!WTG-CfT< O)n{;:O)ffl!j1iij:Jj$O)

~MC'it;~o
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[15m 1: .A T '/ 7°A7Jm]: u;(k) = u;(k + 1) ="'=u;(k + T -d) C GL,

J } T-du; (k) = 1!'i,M (k + T) - hi (k + T) / ~ {3i.j

T: '1;::,,(1) .A T ':J 7° 0) mlJ 1ffIllli 7J u; (k) ~*~ ~ 15m0

(5-3-32)

(5-3-33)

(5-3-34)

(5-3-35)

T-d
[15m 2 : t~{'F~rx:O)/\ !]-~/J\m]: J i =~ u;(k + j)2 => min. ~~t-:9ffllHiEPm

j-O

J } T-du; (k) = {3i,T-d '1!'i,M (k + T) - hi (k + T) / \' {3i:j
f:6

.tV-1:O)J:tO)~I#H;t, =-:J0)~15 (Dugard, 1984) (Ydstie, 1988) ~~!ffi G

L~J:! G t-:7'J~, ~*HI:B J:: U~lJt 0)/\:7 j- - 57 JI,et~JJ 0)1/X:5R:.t1 ~~~t-: [jE~}H;t

~tLt;O)Y:.~t:{t{~ :t>O)C9~o

1~:7 j. - ~ ii.'i\;lIJ
.tV-1:T:#4J*~m~ Gt-: EHAC I:MG, ~1:(5-3-30)J:t0)/\7j--57lfck) ~

~~fft~9~/\7j--57J1JtJWc GL, Ydstie G~;tPJ~:S~~fz~~A9~

15#3. ({1~ 5-A ~!ffi) c GL = -:J 0)15ft. ~1~7J' GL:B 0 , .tV-"FT: ~;tY:.~(Ydstie,

1988)1:J::~)'-;(k)c~0):S~~~il6J~9~/\:7 j--57 gi ~~-:J"F~20)~,et~JJ

~jffJffl G t-: 0 ei(k) = Yi (k) - tPi (k - T)' ei(k -1) O)~~{§fH:ttG.

Fi(k) = Ai ~k) {~(k -1) - ~ (k -1)tPi (k - T)' tPr (k - T)·~ (k -1)}

/[)'-;(k)+tPr (k - T)·~ (k -1)' tPi (k - T)]

ei(k) '" ei(k -1) +~ (k) ·tPi (k - T) 'ei(k)

}...(k) = trace{~ (k -1)} (5-3-36)
, trace{~(k-1)}+gi 'ei (k)2 /{ 1+tPr(k-T)'~(k-1)·tPi(k-T)}

.tV-1:~~ -g- GL EHAe ffJIH~U:J:: ~~ -g- ftjIJ 1ffIl*0)~ J*~ ~ 5.4 ~: 7J' L. t-: 0

tJ::B, ~ 5.4 ~~~.tV-"F:@:L.AT'/7"A7Jm~~fflL.LV~~o ~tL~~L m
~tfj7J/\ !]-~/J\mT:~~L ~iE·r~~{~~:M GiE~{fiH~7'J~~ c: ~t-:r/), J31J~

fflil1aP@1~~:~7t~~~A 9 ~ ~\~7'J~ C£; ~ 7'J~, ft1i¥{~O)t-:r/).A T '/ 7°A7J m

T: .lt~~[;f Gt-:o
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EHAC ftitlfilJ~O)~.

(a) tst.:~ra' (J) Underestimate I: J:: Q~~ ill 11 (J)J&1*~iUj)JtIJ (J)~ir{tJ~ 6
T-d

~hQ ~ C tJ~ill*Q 0 ~ 5.4 -effliJfiIIJ~fl0)7 -1 :/$tJ~ 1/~ {ji,j c tJ:?-C

~ J Q ~ c tJ~ 6 ~ (J) ~ c tJ~"§X Q 0

(b) JEitft:O)1&JEC G-C, B(Z'l)(J)WJTi1I:t(JEtt~'1/F~-e3SQo "9tJ:V!>mtW

tJ:ti . ~1§~~'1tJ: ~ h -CS 6'9, 3S QfI(J)~Fiillj\{t[1§11U$* I: t.>~fflPJ

~gc~;t6hQo

(c) lli 11 O)iil/J\5.t~ c -g -5 ,~ -e ~'1, ~iil~ c tJ:? -C v:l Q 0 ~ (J)5.t~ (J)ml.Jo

~'1 T (J)~JE I: J:: Q 0 T (J)~JE~'1..t~2(a), (b)O) DJ\A l--11I: t.>~V? -CS

I:J, -flO) Trade Off -e3S QtJ~, ~ 0) Trade Ofr ~~m-~*, *t.:.~'1 Tuning

I: lli* Q,~ tJ~ Flexibility ~ ffl:? -C ~:I Q,~ -e 3S Q 0

(d). J'\ r; -iillj\m-e 1'1, ~JEf~~ft: I:M GJE~{i~tJ~~~Q:t~~tJ~-~Er9-e

3S I:J, J3IJ~~5.t~~~~t,:,ff4pxtJ~~,~ctJ:Qo

(e) ifijmJ\7 j.-5~'1, TittiJIKra' T, J\7 j.-5~rt.'!'t1j0)t:jJ0)~:M~~i1M

m"9Q7-1:/g, SJ::~~rt.'7-1:/~l--U~~AO)m~ftF~0)=~-e

3S I:J, tmO)~rt.'fflllfijjjitl:J:t",,-C9>tJ: <-C?titso GtJ~ G, ~ht':~t-e~,

~tJ~ -:::> +5.ttJ~ C -5 tJ~ ~j:JEtJ~ -etJ: ~:I 0

5. 4 ~ 2. ;:L v- ~ 3 :/ I: J:: Qtt~gJ:t~ (~~, 1999)

1£*fiiiHij~, Stochastic MRACS, EHAC ~O)fflil~11~g ~ ~ 2. ;:L v- ~ 3 :/

I: J:: I:J~~Gt.:. 0 5. 2 W-em~ Gt.:. #R I:*'9A 7J 7 - * c G-C HM ~ 1jt

~!£ l:ffliJ~ Gt.:.~~ ~~JEG, ~*B9tJ:ffliHiEII11~g~ ~ 2. ;:L }/-~ 3 :/*5*~: J::

1:JJ:t~G~..t~,~m.O)~~.*cG-CO)ttftJ:t~~1£*~.$cEHAC

$1:MG-C1T?t.:.o tJ:S, m-~I:~'1 MATRIXx Ver.5 ~~ffl G, fflil~M~1J{Ij

O)m'{f-} 2. JV7"D"tA c71-tL$~J:, ~*ft*c G-C s ~~-e~ra'rt.'~~*~, ffliI

fifllmHJ: X-Math § ~ I: J:: I:J, "!t:/ 7°Jv~ra'~ I: f#llfifllm-. ~ ill11"9~dfa-e ~ 2.

;:Lv-~3:/~fi?~o~S,~~~~G-C"!t:/7"U:/~~~~Q5~cG,

Tracking 13. YiM(t+k)~~JE"9QmiiFE:TJvl:~J:, A 7" ~ 7"rt.'~0)1T~J&1~

:i; 10%, 50%*-e0)ll!>.-CtJ't I:J ~ra' 2 [h], *~rjJi 3 [radlh] c~~*~t.:. s ~

~-8Jl~.~Ift~ft:Gt.:.*itO)=cTJv~~~G-C1*ffl G-C~:lQ (mm, 1984) 0
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(k T) 0221- 0.0079z-
1

- 0.076z-
2

(k)
Yi.M + ... 1-154z-1 + O.787z-2 + O.llz-3 Ui,M

(5-4-1)

*.t:::.., J:;t~0)~~ n ~:~G-cf'j:, ;:nG:a:-a;*. 1J*~<I&9CRegressor-'"

-7 r- )vO)~~:J:3 J:: rJ*5* C G-CiutJtlj O)m-~:iLo~*~ < t~ 9 W~~: ftjfjfijt£-".O)

~JJ*tJ~1>t~ lt~;: c J:: IJ (Seborg, 1986) , Stochastic MRACS, EHAC ~:;ttJm

G-c 3 ~c~;:E:Gt:::..o ~ G~: S/MRACS O)mpx'C'~\~ct~9~fj~JlJ:t~'j:,

W-""f O):t 0) :a:-~~EfJ ~:~;:E: G~JitJtIj~: ~'j:;' (k) =~ (k) =1 O)~~~/J\ § *~~

:f*ffl G-c It ~ 9 0 D(Z-I) = L(Z-I) = H 2 (Z-l) =1- 0.4z-1, HI (Z-I) ... 1

*.t:::.., W-""f~-cO)~JitJtIj~~~m-~9"9~:~G, ~Jit71' :/fT9IJFi(k)~'j:

(5-3-34)J:ttJ) G:t7.ttJ)9~~:, lt~9n:t Regressor 1T-"'-7 r-)vc~IJ-"'-7 r-)vO)

fl ,: J:: IJ ~o){~lEfT~IJ~~ :a:-m-. G-c lt~ 9tJ~, ** 1J)g Gm-~~: J:: 9mri~ tJ)

Gl*~9" 9~Jit~.Ij 0)~'Wx:a:- ~ <'~\~tJ~a; 90 ;: O)t:::..~ ~:~~~~~:~'j:{1~

5-B ~:m~ Gt:::.. U-D 7.t$~:a:-~fflGt:::..(Wellstead, 1991)0

~~.::I. v-~ 3 :/~:~G, 7°0""tAO)~t£~{~c G-c7°0""tA71':/, ts
t':lF.Jfa', J:;t~ 0) 1F.J;:E:~:a:- ""f!2 O)~~: lWIJjtj ,:~{~ ~ it, ;r}. ~LJit~1F.J O)fflIjfij:fi 0)

~~{;~ , :J:3 J:: rJ Tracking IF.J 0) n'!.a l:fj 1:1 c 0)~~ fiiii~ 0)~~{;~ 'C' ftjfJ iiQI11

"~:a:- tt~ Gt:::..o

a) 7°0""tA71' :/ : An 5'-*0)!i-8- 50%J:~, ~~JV-7°*0)!i-8-~'j:

1&Jzt!o
b) ts t.:1F.J fa' : 1 [h] tJ) G 1.5 [h]~: m1JD,

c)J!!nlF.J;:E:~: M§JIm@:f..j.~)v*O)W1~tt:a:- 3.0 tJ)G 1.0 ~:~~G, ~

1iffi1F.J;:E:~ ~ 0.7 [h]tJ) G 0.35 [h] ~:~{~o

t~:J:3 EHAC 'C' ~'j::lJm 1 0) AT '/ 7'A 1:1 m :a:-:f*ffl G-c It ~ 9 0

5.4. 1 An 5' - * c G-c O)ftjfjfijt£tmtt~

(1) 1it;:E:* c G-c O)t£"~tt~

~ 5.5 ~: HM 0)~;:E:f~~~~t:p~:7°0""tA7-1:/:a:-~{~~itt:::..!i-8-O), l:fj1:1

y(k) O!P~MiMm(k)) c~{'Fl:fj1:1 u(k) C:cjPRE~-8-lt~~~:iJ :a:-lt~Gt:::..o

liiJitftjfjfij O)m-~'C'~'j: lt~9nO):1J~'C' :t/\ 5' j. - 5' O)WWH~ :a:-~\~ c 9" 9tJ~,

;: n~'j:a; GtJq.:; ~~{tM0)71' :/'C' AT '/ 7°Jit~:a:-l&IJ, ~ O)m;:E:f~ :a:-/\ 5'

j. - 5' O)WWH~ c G-cftffl G-c lt~ 9 0 lt~9nO)liiJitftjfjfij* 'C':t 3~0);: c t~

tJ~ G, =lEI El W-~O)~{~ ,:J:;t Gn'!.a =E:T)v'C'm;:E: G t:::.. t£1f~~:ili-:5'lt~ -c lt~ 9 0
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1 I ,

50 (h)

EHAC (T=5)

0.3 r--.,.-----r---

0.2

o 50 (h)

Stochastic MRACS

0.3 r----r---r---

0.2 -fJ~~~:--.,
i :,, ,

0.1 . I - - - ~ - - - - - ,- - - - t"-
"j' 'I
i '::l 'I---. .

o ;_~(k)~; .+- __~

50 (h)

I

Classical control

,,_... - y(k) ....;...-.... -

o

0.3

0.2

0.1

n
~:...... _.. ('-
,

----- ... _- ....... -_._~_. -----,
-0.1 \--....-----'----'---'-.......I----'-~

~ 5. 5 ~~~ Tracking '!11i~

(2) ~$~ Regulation ~'I1(J)tt~

ID6l.g-*fHiEjlC'~j:, ~f"} ~ )vA D C'(J)~f..}tJ3.pX;~Jjj c Gl (J)~$ji.i5L I:M'"t~

*,11iE11'!11i~n~~'tm~C'2Y.>~n~, ~n~~)vtfjD(J) HM (J)~~{$~C''I11i~Jt

~Gt.:.o ~ 5.6 ,: 10 BIf!liz:C' Open loop, ff**,Hapjj~, ERAe~.l<' l:ipJ lJ

~;tt.:.~-8"(J) HM (J)~Jjj~y(k)c GL~ G t.:.o

750

-0.1

....... -.. - - ~ ~y.- ~ u(k) .•• 0.1

i J \~ flA 1 i rJJ Y~~'v~
open loop ;--t- -- -------IIj[-~:-~\(-'J-d;Jt-----J.- 0

:W~ ~ Classical : EHAC (T=5 )
: control:

o.~ --- --;~; ----------------r-------- ------- --------i---------irW- ~.1

,~. .~ ~ -••......... ,. ., ,, ,, ., ,-0.2 l....--~~ -'-. .i-' ---1

o 250 500 time (h)
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;It:::., ~ 5.1 1:7°0-tA~{~:a:1::C;t:::.~'8":a:~~, 5 B~tL, NP-sifjlHifP@J

~ 240 @IO) HM O)~~{~iH~:a:*~, =ttl:J::QmU1fElJfF5*:a:lt~Gt:::.o ~~

~ l:tE*~ I:it~ G EHAC l.:'~J:, ~~O)~{~ I:~ Gl O)f\ilJfiflJtfli~O)~{~:a:

j;'tJ. <G1~ Q ID6J~n~-t7.t I: "iiJ1i~ C*IJ tt'TtB* Q 0

~ 5.1 1i1i$a<J Regulation tfli~O)~t~

Adjustable
a) b) c)

Control method Nominal fo = 3.69 Ix = 1.5 Le = 1
parameter d=3

EHAC T=4, F(0)=10xI, 0.0260 0.0266 0.0301 0.0364
with Step-Input g=100

Strategy
T=5, F(0)=10xI, 0.0289 0.0300 0.0317 0.0358
g=100

T=5, F(0)=10xI, 0.0303 0.0296 0.0332 0.0358
g=l,OOO

Classical Control
(PI + Smith Kp=0.2, Tj=0.8 0.0374 0.0386 0.0414 0.0391

Method)

Stochastic F(0)=100xI, 0.0250 0.0293 0.0308 0.0371
MRACS Al =).,=1.0

(note) : - Nominal Operating Condition: fo =2.42, Ix =1.0 (hr), i.e. d =2, Le =3

(3) ~$~ Tracking ~tfO)it~

~ 5.7 1:~$;;'~fftE""fl.:'0)~iEfig~:~!l:~9Q Tracking.Lt~ :a:/F l.h

~ 5.2 I: ~J:m$B tfj 1J C ?!tIJ iEf~ 0)~~.0)~~1Ji't~l.:'=. tt 0) ffflJ 1ifII tf Ii~0) it~ :a:

/F G t:::.o 7
0

0 -tA O)~tf~l1Jn~~lt~~'8"~J:, 1i1i$~ MRACS O)~~{$~n~:&

/J\ C: tJ. -::> llt~ Q n~, tst~~rl3' n~~{~ G t:::.~'8-I: ~J:f.&iE (S/MRACS-A2) n~px;

JJ lit:::.-(, ~1:tst~~rl3'n~~iEJ::JJ *~ <tJ.Q~'8"~J:~~ G l G;l '5 *5* C:

tJ.? llt~ Q 0 -:1.Jff*f\ilHfEIJ c 0) lt~l.:' EHAC ~J:im~:jj(~:&.rttst~~rl3'n~~

{~ G t:::.~'8" It ~-(ttl: :t::>lt ~l:t Tracking tfli~l.:'fifnllt~ Q 0

~ 5.8 1:~J:~iEfig~J!8J:: LF.:e-0)~m~9 Q;;.~.Lt~I:J:;t G, EHAC ffliHfEIJ

1:8~tQ/\7 )Z-~JOO.LtJtIj*O)S~~~ A(k)cJOO.Lt71' :/fj~JO) r- V-A
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0.3 r---.,.---.-~-r----r---...

50 100 (h)

EHAC (T=4)

I I • I

- - - y(k) -:- - -. Y (k) - -:
. 'M·

a

0.1

0.2

-0.1 .........................l.....o-...........~......-........--.""'-'-~-'-'-......,

o

0.2

o

-0.1 r..............--..............-'-'-.............-'-'-...J---.."'-'-"'--'-:'-~
o 50 100 (h)

Classical control

0.1

0.3

~ 5. 7 ~~;;.~LfftE"'f (J) Tracking ttti~

Control Method Adjustable Parameter Nominal l" = 1.5
d=3

T=4,F(0)=lOxI, 0.0319 0.0440
EHAC g=100

With Step-Input
T=5,F(0)=10xI, 0.0317 0.0438

Strategy
g=l,OOO

Classical control Kp=0.2, Tj=0.8 0.0479 0.0580
( PI + Smith Method)

Stochastic MRACS F(0)=100xI, 0.0296 00

Al=~=l.O

(note) : - "00" means" Calculation be diverged"

O)~{t(J)-1?tlcm~/'\:7 j. -:$' a(J)~~~75t 't~ G t.:o (5-3-34)""(5-3-36»):\

O)JI~~.IH:J:: IJ, ;;'$J:: IJ (J)~~f~~{t ~:M GSt;fl~~n~§ tIJ~ ~:iI3t~ G,

JI~JlIjA..O)~~{~~(J)t:b*'t*~<G-C, /'\:7 j. -:$' (J){~IE't~~~t:b*n~

ili-cV:l~n~, ~~~~ g 't2l; ~ IJ*~ <1& IJ9~~ C, Tracking ~(J);;'~L~
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200

,
1 I
1 I--------r---------r--------, ,, ,
: : r1---..-_-o

1.0..------.-----r-----.------,

.1.0 L........---'--""---'"--'--..........----'--'--l.......l....-.--'----'----'---.J..:...,.!.o.---'---...........J

oT= 5, F(O)=lOxI, g = 200

I,
, I ,

--------r---------r---------r--------
, I I

1 I

0.2 -- -- ---------~---------~--------
I y(k): :
I I ,

---------r---------~---------~--------

o -- --- -i,U~,ikj~--
I J~'11·WW~~l1' I

---------~ --------~---------~--------, , 1
r 1 ,
, 1 ,

0.4 ,-----.-----.---.....-,-----,

I
I

I I ,~~---------: --------- r---------, p; -----
1 I

, I 1---------r---------r---------r--------
, , I, , ,, , ,

1.0 ---------r---------r---------r--------
I , /3 1
I I 0 '

~~.~--~-~-~-~-~-~-~~---------~--------, I:-----.::t~~-o Hr---..=..=..:.~-~.;.....-...-::-~--=-=-~--I~ - - - - - - --

/3'J '
I

2.0

~ID~~~?lJR:iWJ"mmrrifll'M~fjfRfJi 2.0
I

1 1
I 1 I, (k) t-- L ' c... I .6

A- : ~ .....

, I~--'-

0.8' ---------};;:.;-:-;:?-~---- Tr(F)/TrOI.2
'I 1

'L...J\~ :
------ -----'------ 08

).(k) : Forgetting factor' .

- - - - -Tr(F)rrrO : Amplification ratio for - - - - - - 
the trace of matrix F(k}

o 200
time (h)

40 o 200 400

~ 5. 8 Regulation ~ (J) Tracking IF.f (J) EHAC /'\:7 j.. - _5 Ji~JtIJ (J)*ttJ

~1F.f~:JOO~JtIJ;b~~~9~ "iiHmtt:t <?> IJ, Ti1tIJlRr~, T, Ji~71" /fT~j(J)f)]~

f~ , ~ l;d: 7" 0 -t A (J)~tt c (J)~1*-r~~ :a::~ l1: G, tP:J f!jij 1fEIJtt~g :a::~ :J j@

~td.iI6l~f~tJ~ <?> ~ c~:iE ~ tl~ tJ~, -r(J)~f€m~~::J ~~ L ~;t~~(J)!l~-r <?>

~o

5. 4. 2 :::.m~ (J)~£)v-7°mpx:~: J:: ~ ifjIHiflJtt1iglt~

~ 5. 4 -r7J' Gt.: Mt a~Ji1l1J ~1m11~ p :a::~ oj ~£)v - 7" EHAC fflIHaJH: J:: ~ :::.

m~(J)ifjlJ~tt~g:a::tE*jJJtclt~Gt.:o rac~: ~ 2..:J. v-~ 3 /~:~ffl Gt.:

~~7":7/~(J)~-0/~T-_5J::IJ~~~~(J)IT~~(J)M:a::7J'9o
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0.526 0.016 0.007 0.076 1.0 -0.81 0.0 0.0 0.803

Z... 0.025 0.562 0.902 0.123 -0.90 1.0 1.0 0.0 - 0.141T ... u ..
0.006 0.200 0.031 0.009 -0.13 -0.70 0.0 0.0 0.0515

0.007 0.078 0.037 0.665 -0.05 -0.30 0.0 0.0 0.0047

4.938 -10.37 -10.37 -10.37] [ 12.23 1.393 2.135
M .. 0 17.78 - 46.21- 46.21 Bo = -13.05 -15.75 - 41.85 (5-4-2)

0 0 46.22 - 73.96 1.063 4.779 - 47.46
-

0.0897 0.00722 - 0.00233 HM =2.10
-p .. - 0.0628 - 0.0552 0.0458 SM ... 2.60
-

- 0.00431 - 0.00539 - 0.0165 1M =1.60

7°D"t:A0)~)i~~~:-:JV~-C~'j:, 119.-r{9U~Gt.=~ 4.3 O)~$O){~~~~~

flLIfJ G-C ~~ ~ 0 t~:t:> 7°D"t:A O)~{~C G-C~~2=,~ ~~1I G t.=o

a) w:ljO)EEkE O)iJt*n~~{~Gt.=:lj-g-O)fftl c G-C, *Jl~1T~J Z 0)-1T El

~:[+0.081, -0.043, -0.018, 0.049r~1JD;t~:lj-g-o ;:O)~{~~:d:: IJ Mtil1mfl
1T~1J c 7° o"t:A -7-1 /1T~fJO)fJi B·P ~'j:~~20)illllJc t~ ~ 0

1.014 - 0.153 0]
B· P = - 0.0387 0.751 0

0.0277 0.124 1

b) tst.:~ra'~ 1[h]n:l C; 1.5[hF:~{~~i:t~~-g-o

I:ZJ 5.9 ~'j:W$;rt. ~Lffl£""f-r 1:~2 a) 0) :lj-g- 0)_m~~~{~~~~:J:!""t ~

Tracking ttfigO)t~~~~""t0 ~ C; n:l~: ERAC *,Jmn~tln-C~~~ c-g;t~o

~ 5. 3 ~: ~'j:~m~ O)~~iiiI1~~: d:: ~ Regulation f:EfigO)~~~~ Gt.=o SISO

*O):lj-g- c~~ ERAC ~'j:~tt~{~~:J:!G-C1£*$~:~~ G, 0 J\:A r-tt~:

tin-C v~ ~ ;: c n~7tn:l ~ 0
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0.2

o

o

0.2

0.2

0.2

I I , f I

"'\ AoJ.' I 'LD' ·fr' -' '\ r \. ,-r:.'/ r;·,t v' 'i~·~..r:" ·.....t·II,M -f'\f~"\"Ti ' ---
-l''':...·--··~)i ..----- J.I" -_~.:...::\ 'r -. - - -..~·..·,·-~Ij - - --
'II l ' '~~...... I' f : I {II

o -!iI_ - - --t~~~ ulo8' f:Ji/f- --';- ;'r:t}r
...... ----:- .. -_ .... -~ .. -_ .... --r----- .. -:- .. ~~'--

-0.2 "-_--1.'__---'-'-_--"--'__.....'__.....J

-0.2 "-_--1.__---'-__--"--__-'--_---1

0.4 r--~--~---------,

~ ,,,.
- - - - ,r", - H1vUkj'" - - r ' - - , - "I" - ~. 1(k~) - - 

J"'.~'~_--"~ 1'f\;':'~ ----..J1:'::~~ 11 \' - - -
\~ ~i] t, "41' 1./ "'f~t·~ ~ ll~
-I ~ 1·' ~,.d_ - -'- •.• _.,,) ~1- --1 '-~ - - - - - -

1
,.. ~ I I • \ \ I 1; I ~ j II r. I

O. - - - fr~ --{',- -:- n~~'- - - - ?', - - -j/"': - " -'W'::. ~ ~ - - - - 
- " - -/- 1 - - 01 1;- ,,- ---- 0; ~ - ·'1 ... - -1 -(f'.-, - - - - -• Ii.', 1I,A,. ,', .., ~ 'I J 'J I~'"

o "'''if;-'r ~ - - ~')I(~#i "- - - ~\- \'~~..{ ;- - -; .: ~vr --
- J 1'''' .. ~ :,;: i J¥ -." ~ ..

-0.1
r---~--------;-~---'

O? V'ff~"'\----:- .If!'''~/i'U2~~.J~\ --~ -----
-- "'1.ftf11,' :~~ : J i~ d I ~ :---~ ~ --"; --,- ~ ----~ ~ ---1-'- -Ll~~~- - - --r{ I ~" I j I' \, I I ': ., \ . , I·.' ~ I ',\ 'io '\,;; -~ --'v!.;- :r ----;~'-e 1.1-'" --':"y // - - -

----- ~ --- _:. ~'ts111(k~t 1- ~-----<i: .)----
I I I

-0.2 L...._--'--_--'----...J'-----~---'---..J

Classical control EHAC (T=5 )

Standard Deviation
Control Method Adjustable

Parameter Nominal
"B" Ix =1.5

Change d =3

HM 0.0256 0.0258 0.0292
Multi-loop EHAC T=5,

(Step-input F(0)=100 XI, SM 0.0377 0.0376 0.0400
strategy with fixed

g=100
pre-compensator) 1M 0.0302 0.0215 0.0221

HM 0.0291 0.0287 0.0325
Classical Control K p=0.484,

(PI + Smith Tj=0.8 (h) SM 0.0612 0.0586 0.0700
method with

pre-compensator) 1M 0.0302 0.0362 0.0345

(note): K p has been decided with a try and error method to get same performance

as the reference model defined by Eq.(5-4-1) and same figure for three loops.
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5. 5 JI~~ImO)~fflO)ii;g,~c~~~JI~fliIJ~I~O)~~

~L~~/~~7/~0)~~~~~~~O)JI~~~0)~ffl~;g~G-r,

~T~,IJc~~T~,IH:£:)'< JI~~HiflH::J~~-r, JI~JtIJ~-a~t.:7 )v::tl) 'Xl.:..

~:/ ~ .:z. l/-:/ 3 /~: J:: tJ tE*7ti c lt~~ii Gt.:o *5* c G-r~~T?lIH: J::

~E~c7tiO).~~O)~fflO)~~~~.M~H~~~~, ~T~hGO):/

~ .:z. V-:/ 3 / ~:J:: ~~ii~)ffi GL~~t.:, .~~)oo~*IJ~ ~~ffl9~ 1If?-00ii

;g,~ ~)E~IY:J~: ~ c ~ ~ C c :t ~:, ftl20)7°0~A~O)~ffl~~;t, -~lY:Jt~

~~~*~:J:;j9~JI~fliIJfiflJ~::J~~L O)fJTJ! ~~J'(~ 0 ~ h G0) 1*J~~j:!J?~~

~~)E~IY:J~~~~~tJ, ~••~~~A~~.~.m9~~.~~~CC

:t~:J.I~miO).{1~t~~T;t~Cm)E~~~~E1:t~tJ ~.O)~~~~~o

5.5. 1 )oo~fliIJmo).~~O)~fflLO)ii;g,~

5. 3 iiJ~m~ Gt.:JI~fliIJfifIJ O)=1ilt ~:3t)ffi Gt.: ii;g,~ ~.± ~:1& tJ L ~j,

~~:~ O)1ilt~: J:: tJ I*J~ ~:~O) ~ ~ ~-g-~j:~iC9 ~~~~T ~:~J*9~ 0

(1) -if/~I) /~}aJ;Wj~JI~~:~:tR9~~\.;O~~~o

~O)~c~j:, Jm~fliIJfifIJ~:~G9-~lY:Jt~Digital Control Algorithm O).~

~O)~ffl ~:§;t~ ~ c~~~;O~ (Middleton, 1991) , ~~:~~fliIJ~I~~m9

~ ~-g-, Jm~JtUO)1&*11O)~-{4: c GL, {1~ 5-A~ :tm~Gt.:J:: '5 ~: Persistent

Spanning (~t.: ~j: Persistent Exciting) 0)~-{4:, 9t~b!> J:;j~ 0) [iij)E 0) t.: ~~:

51-$;Q~ G-9-;t ~ 51-~ ~ t.: ~j:~)E1m:~{~;O~[iij)E ~:-t51t~m~il ~ffl:"? l ~~ ~ ~

C;o~~\~~~~ (WT, 1996) 0 51-~;O~B@~if;Q~G::EJJX:~h~l~~~Cm)E

G'5 ~ ~~fliIHifIJ O)~-g- ~j:, :E1l[~L Persistent Spanning ~-{4:~j:#£jt.: ~ h l ~~ ~ 0

G;Q~ G.:e- O)51-~L O)51fl;O~f§J:;jIY:J~: /J\ ~ ~::di-g-~j:, -if / 7° I) / ~~;t)aJWJ O)~)E C

:t rMI~ GlJl~JtIJ O)~f~m-JJLrc'~ ~:t~ ~ "EJ1i~11;O~~ tJ, 51-~ cJ:;j~O))aJ~

~~11~~ ;t t.: -if / ~ I) / ~t)aJ;Wj 0)~)E;O~.~ c t~ ~ 0 ~ t.:~~ ~:m.~~

~ ~ c~~~;O~, -if/7° I) /~)aJ;Wj;O~m9~~c5!Rli11O)~t~~~ffl~~~<

1& tJ Atl-r G~ ~~, ~~:-if / 7° IJ / ~t)aJ;Wj;O~~9~~ cJl~fliII~~ij EI Gt.:

~~ttJ~i1 ~J!~ Gl G~ '5 ~ C c t~ tJ, JI~tet-if / 7° I) / ~t)aJWJ 0)~)E~j: ~

O),~;Q~ G:t~\~-r~ ~o

(2) tst~lF.!jra'~:J:;j9~.M~~~j:m~~~tJ .~~~.:e-O)~ttJiBlHJ~~.

m GLfliII~l7 )v:J ') 'Xb. O)~m- c il6Jf€~: ~ t.: ~ ~\~;O~ ~ ~ 0
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::. O)};~U'j:~t:-~TntIH:£-:) < :Itl/J\~~~ STR C MRACS ':M G-C~':

m.~••~~~~o.~~.~EO).~m~~~h,~••~ffi~;~~
t::JMJ*O)t~fF:iI;~£*I:, -to)tlf'F': J:: ~ ilJfJ.M~O) ill tJ tJ) ; M~~ ~i.E G,

~O)~}~(O)t~f'FttltJ ~~~~~-Cl.-~ < $lI1illl:l5J:t~ ~ ~ 0 tit? -c, ut-:~rR'tJ)

~ < /F~~ EO)~,gO)t~f'F~f~I:M""t~ illtJtJ)~*Iji.E~~td:~th't, $lJ.~

mJ 0)~ i.E:t ttl:*td: ~ ~ ::. C ,: td: ~V ~t~~ fJ, tj}iffijtd:~-@I ,: ''j:.~JWO)~~~

m<M*C~~o-:I5~D~~~.O)~-@lu~~~O).*cG-c.MO)~~

~ffi~~~~~~~-@I:t$<, ::'0)~-@I~~;~G~~.G-c~<::,c~3

~~~ fJ tJ)::>m.~ ~ ~o ~ t::&:~1J5~':~ ~t ~ ut:!.~rR' O).,:--rO):Jt~tJ)

l2!9~td:~-@I,'j:, M~O).AilltJ1§~~!&~ G, Wavelet ~~~.LtJf:l Gt::ut-:~

rR'O)~fE~ (~, 1998a) ~~fljJf:l G*~L~<~td:~J.ltJ)JJf.~~~o

-:15, EHAC ~~''j:~2..:J.. v-~ 3 :/M*~:fJ'Gt::.,:ut-=~rR'O)~f~~:

M G~ ~~1l0) 0 /\~ r-tt~M=? L ~ fJ .~Jl.IJO)~~~[1jJ.l:~~ ~tJ), ~fRli

J:ut-=~rR'O)J:~f~tJ)~,.~~ ~o M~O)ut:!.~rR":fMl"9 ~~~tJ)/F'@ G-C

~ fJ z: O)J:~Hf@: ~*~ < ~ff(:t ;~"~ ~~~td: l.-~~-@I''j:, M* C G-CT?JtIJl~rR'

T ~*~ < l&~ ~\.tJ)~ fJ, $lJ1illlttligfrtl;t 't;;'i5L.Lt~ ':M"9 ~ ttl tJ O)5tftto)

m13D ~:*"9 ::. c ,: td: ~ 0 tit? L, J:: fJ § fr-:H:~ ? t:: fM filll'l11ig ~ ~~ ~ ::. c ~~

;t~ td:;, ut.:~ra'':Mg- ~~M~~tJ)~''j:fJ m. ctd:~o
( 3) :M~O)~~n ,'j:~ ~ fJ *~ < l&; td: l.-~:I5tJ)~ l.-~

~-@I$lJ. O)-W;J~ ~'j:, -1::7JvtJ) ; ~M~~ c G-C5ttJ)? L l.-~ ~ ~~ ,'j:"5"~

~~tJ), Stochastic MRACS, EHAC l.-~9h~:t• .LtfMfilll*c G-CO):M~O)~

~ ,'j::Itl~~~:"3" c Gt::o ::. h''j:~ fJ * ~ td:~f{ ~ l&? -C :t ilJfJ.M*,:~.

O)td: l.-~::' c c, -:I5:M~O)~~O)m13D''j:Regressor vector C.~71 :/1T~IJ

O)~~~*~< G, ~f@:~.J:/Ffljctd:~ (Seborg, 1986) 0 ~t::, "!T:/7

I) :/~ ,Iajm0)~ i.E c :t fMl~G, AstroID; (AstroID, 1984 ~ t:: ''j: 1997),: J:: ?

-cm~~ ht::~ ':~~f~ ,: J:: fJ, $lJ••~tJ);~t::M~tJ)~F:Itl/J\-m:f§:Jt~*

,:td:? L G~ '5 PJligtt:t*~ < (""ttd:V!> "!T:/ 7° J) :/~;l ,: J:: fJ ~~0)-1::- ~

~ l& fJ .Ah~ ::. c c tJ); B(Z'l)tJ)~fE$lJIJ:t~td:< td: ~ PJligtttJ)~ < td: ~ z:
co) , ~~~*~<l&fJg-~~::.c,'j:, ~,:tj. ~f§~~£*cGt::m

i!tf~O) • .Lt$lJ.~''j:tlT~ G < td: l.-~ c ~;t ~ 0
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(4) J1rt;\~.IJ(J)~~,:~;tU-D 5t1W~~1l:Jfl9"G;: C:

C (J)~tJJI.bc:\fIjIJfjp ~~J5X9"G~-g.-e :t>J1.bc:\JtIj (J)~~ ,: ~;t~\9' Round Off (J)

rp~~tJ~-:J ~ * C: '5 0 ttE-:> -CJ:~2(J)/5$-e Round off ~: e:t G J1.bc:\~JJ (J)§£Wi~ @J

~9" G~\~tJ~c7.> Go *Wf~(J)fn;M ~:~;t UD 5t1W~1l:t:>9'~:Stochastic MRACS,

EHAC It ~9'tU::s It ~ -C :t> J1.bc:\ JtIJ (J) §£Wi tJ~ IF,!j i< §£~ Gt.:: 0 ~ G,:1&*Gt.::~ fI

-e:t> UD 5t1W(J)1l:Jfl(J)~~~:e:t01\7 j.-?7(J)1&*fi§:tJ~.tJG~tJ*5*:t>1~

Gh~o ;:(J);:C:~G:t>.~~~J:.~~h~*~~~Jfl9"G;:C:~H~-e

c7.> G 0

(5)J1rt;\7~/IT~(J)W;M~(J)~~

-~~:jj~(J)~M~~tJ~+5t~:c7.> 0, Diophantine /5~lt~fiJJfl G-C, 1\

7 j. -?7 x.Jy r- )v(J)fn;M'fi§: 6(0) ~ § f~ ~M=-:> -C~~ GnG ~-g.~;t, J1.bc:\7~

/ 17 ~Ij (J) fn;M fi§: ~ *-~ <1& G C:, fIjIJ fjp 111m~ ~::ili fn (J). A T 'Y 7° (J) 111m tJ~ ~

<tJGtJ~-~~~:f~tF.(J)~{t;:t>*-~ <tJGo -/5~(J)~-g.~;tJOO.bc:\7~ /17
~Ij ~*-~ <1& 0 9"~G C:, fn;M (J). AT 'Y 7°-e 6(k) D It ~ -C ~;tf~fF lli tJ tJ~ah

G ;: C:~: tJ G 0 EHAC ~: e:t GW6JflfljrJfjp (J)~f1, F(O) =10 x I ~~tJ~J11lJ-e c7.>

-:>~~, ;:(J)W;M~~lli*'5G~0~~~~-~3/-eJOO1lJ~~~*~-C:S

</5tJ~~ lt~o * t.:: {iiI(J)~M~~ :t>;M~lli*tJ lt~~-g.~;t, frtl it ~tF(O)= I ~(J)

Ij\ ~ ~ (J)fi§:tJ) G Tuning ~ ~MiG, ~;M (J))!!~:jj(~-efif''F.(J)~{t;tJ~~~ G

'5G~~(J)JOO1lJ~.~~~/5~~~~-ec7.>Go

( 6) JOO rt;\ fIjIJ~ (J) .bc:\ Jfl ~: :t> M~ (J)~ -7 I) / ijnt*tJ~m~ -e c7.> G 0

Landau G~;t:ili~(J)~tF (Landau, 1998) ~::Slt~-C, J1.bc:\fIjIJfjp~:M9"Gjj~

(J)~M~~(J)m~11~W-""f (J)~,:m*~ G-C lt~ Go "An adaptive controller is not

a "black box" which can solve a control problem in real time without initial

knowledge about the plant to be controlled. This a priori knowledge is needed for

specifying achievable performance, the structure and complexity of the controller

and the choice of an appropriate design method" 0

J1rt;\fIjIJfjp~;tc7.> <*-e:t> "Parameter adaptation" (J)~~-ec7.>0, M~(J)~m

(J)~~~ :tm '5 :t> (J) -e ~;t tJ It ~ 0 ;: (J) ,¢t.. tJ) t; :t> fIjIJ~!! miD (J) e:p -e r~m- C: Tuning

~ § ItJ{t;9" GfIjIJ fjp J C: (J) ~IJ ~ ~ It ~ t.:: t~<J1.bc:\ fIjIJ fjp -e c7.> G tJ~ , ;: n ~ .bc:\ffl9" G

~: rtR G-C ~;t, 51rt;\ fIjIJ fall!! miD (J) £ ~ C: tJ G F8J~miD , ~~miD , ~A T 1>.~mmiD (J)

!J1W:t> ~ G;: C: tJtJ~ G, M~(J)!Io/J!J~-7 )v(J)~§£tJ~m~tJ~~ C: tJ 0, ~~:
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~ptiffllfiEP~ Implement 9~MO)m~ Tuning 0)~1T~:~j:1'PJ~-riY.>~o 'C..O)

J~ ~j: Ydstie S iO~. EHAC ~j:flli O)~ptifftl1iflJjj~\J: .~t~ G Tuning /\ '7 j.. - -5 iO~

ytJ. < -C9U C:~v~ ::r:) . .:c O)pt}f.l /'\,.O)=FJIIfi-r~j::/ ~ .:L {/-:/ 3 :/~: d::. ~~

~~m:mGt;: C: 0) ¥N 15- (ydstie, 1988) iO~ S :tWit ~ 0 .bI-..t d::. l'J ff*ifftJ 1iflJ c
Iii]~. ~ptiffH~O)pt}f.l ~:~ G-C :tj:;j~O)-t:T J) :/ ~lttUiiO~/FPJ~-riY.>~ C: ~

it~o

5.5. 2 ~~~~ptifftl~~/'\,.O)~~

~~~)iipt iffHalH: ::> v~ -C. I;!~ iID C: ID6j~ ifflHifIJ S d::. rF tt!1 0) - ~ Et-.J tJ. 7° 0 -t A

ifftl1iflJ '" 0) pt}f.l 0)~~ iIiH:7t ~t -C .bI-""f~~9 ~ 0

J.miflfBmiO)~.

~~~~~)iipt~.~.~9~..t-r~~C:~~M.0).~~m~9~~:/

-55 J;J -51T~1j c:~ptiffIH~O) ~%~f1~ 5-C ~:7J' Gt;:o fi~ 5-C O)l*J~~.bI-""f

~:~*~ GI;!~rm O)~11Et-.JtJ.~~ C: 9 ~ 0

(1) -K~TntIH:£::)'< )iiptifftl1il1n:::>v~-c. SISO *O)~~:iiIJ\7t~~ STR.

Stochastic MRACS 0) v~ ~:tU:Sv~ -C :tM.O)ut.:~ra'iO~~~]-r iY.> ~ c ~

-j{&~iO~~,~c:tJ.?t;:iO~ (5.3. L 5. 3. 2~0){&~~Jffi) • ~~~*O)~

-g-~:-~TntIJ~.~9~t;:~~:~j:. f1~0) (5C-3). (5C-4)~C'~ft9~~

"/ -55 J;J -51T~IJiO~~~]-rtJ. ~t:tU;ftJ. S tJ. v~ 0 ifflJfiEPM.iO~%5JIJtJ.m~ ~7J'9

.~. 9~b~~:/-55J;J-5fi~~A~5-c:~~~~ (M~O)m~l)

~M~1T~IJ c:tJ.~~~ (m~ 2) ~:~j: 'C.. O)~M~~~M.~:*i!irF::>~t-c~

it ~ 'C.. C: ~j:PJfj~-r iY.> ~ iO~. -~Et-JtJ.~~~* O)~~~: ~j:~ :/ -5 '7 J;J -51T~IJ

0)~FM~JJ{~:~9 ~~M~~iO~~'~ C: tJ.~ 0 'C.. O)~FM~JJ{~: ~j:Alli1J ra'O)

.Et-.J~~O)~*~h~~.%.~M::>~~~~~ffG. 'C..O)~M~~~M

::> c-g-j 'C.. C: ~j:~~~*O)M.O)m~~:M9 ~iE:-cO)~~~M::> 'C.. C: c Iii]

~-r iY.> l'J. ilptifftJ.O) § Et-JiO~ S G-C~~:gC' ~ tJ. v~~f4: C: tJ.? -C v~ ~ 0 'C.. 0)

J~ iO~OO: IDl~~: d::. ~ - ~TiJttJ~:£ -:5' <~~~i1ptifftlfiEP*~m~9~..t-r 0)~

1~-riY.>~0 tJ.s..tecO)%5JIJtJ..~ (m~ 1 sd::.rF 2) O)-~T?l'H:d::.~)ii

pt~fiEPO).~~C:G-C. ~:/-55J;J-5fi~~A~5--riY.>~.-g-0)~~

Borrison (Borrison, 1979) ~ Koivo S (Koivo, 1980) ~:d::.l'J ~~ ht;: MIMO

STR -r iY.> l'J . M~1T~1j C:tJ.~.~~~? t;::t 0) C: G-C Goodwin S (Goodwin,

1980) • xlii S (X}II, 1982) f:d::.~m~iO~iY.>~ (Wi'. 1984) 0
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(2) -/ift£;} 5-C (J) 3 :rJH:~ Gt':~~T?jl,IH: J:: Q EHAC ~j:, 1/:$7 7 7:$7 fr

~IJ (J) Upper bound (J) Jj.tJ~~~ C' 2t; tHi, ~(J)jN*f~J2J-J:~:TmlJ lR rl'l' ~17t

5*"9Q¥~:J:: 1'), ~~~JiJtmll1ff11~~.6tC'~Qo "c"(J) Upper bound ~j:~

~#&lfd:S~t QjN*tl't-=~rl'l' ~:~:§ 3 G, ~(J)~M~~~j:A:h 7-* C (J)

j"J-.ttJ:~~~C'~ Q :t (J)C' 2t; Q 0 ~~TmIJ ~~JfJ"9Q [i'ij~te:t~ X:a:- Clark

r; ~: J:: Q-tT)vTmIJmll~~:2t; -c ~j:&) ~~~~fbffl!HJlIl * A.17t~ Gt.: fr~ t ¥fl
i5-~n-ctt:lQ (Shah, 1987) 0 2:".nr;(J)/i~~j:tt:l9'ht~~TmIJlRrl'l' T(~

Upper Bound )~fl1ffl G, jN/j\7tfx:'11 :a:-mtt~:"9 Q-/i, m1l1ff11 * c G-c (J)

0;,A ~,~ ~~i*G-c:J3 I') , 2:". (J)"c" c tJ~fF5*EJI,]~:1 /:$7 77 :$7 fr~j (J)¥

M~]~~~F~G-ctt:lQ c~x r;nQo

(3). -/i, ~~~~fb*UiJlll~Allin (J)~FT~f~~:J::Q~xtJ) r; ~.6t"9 Q/i~

tf~~~ n -c tt:l Q 0 "c.. (J)~ X ~j:~~~~ptffl!H~(J)f• .6t~:~ G1 /:$7 77

:$71T~1J~~tiEJl,]~:~F~G, mlHffIJ*~: Mfi:fftHl~ ~~ ~t-c ilifg(EJI,]~: ~F-f-~

f~ :a:- )i.6t G::> ::>~pt mU ii1Jl * :a:- f• .6t GJ:: '5 c tt:l '5 7 7° 0 -7C' C7.) I') ~ ft (J)

~.6t/i~tJ~1~~~tt-ctt:lQ (m}ll, 1985) (Wittenmark, 1987) (L!J*, 1998) 0

.~~~~±~cG~~mm(J)~~

(1). iMj.g-mU1Jl1l*~~~~* c jit.:~.g-, J: ~2 (J)1' /:$7 7 7 :$71T~ljtJ~ C (J)~ I:

7°0tA-tT)VC~1*G-ctt~QtJ)~~XQo*9', 1Z9.C'*&)t.:~4.10

(J) -t T )vC' ~j: mlli~ :M~C' 2t; QJ* f-J. *7J ii9!: ~ )v 7" 0 t A (J) f~)i ~~1T ~Ij :a:

(4-4-7)j;\;(J)~)i~~ ~ 11iJ-!8!~ c G-ct1f::>:M~1T~ljC'~~ Gt.:o "C.. (J)±~

.g- ~j: -1 /:$7 7 7 :$71T ~IJ tJ~ A:h 7 - c te:t Q~.g-, "9 te:t:b!> ft£;} 3-C (J) % j;\;

1 ~:~3 G-ctt:lQo ;j;:~:if~x~i~ 2.10 (J)7°0tA 7 o-C'J*f-J.~ )vM

(J) IZ9fj(J)J*~* ':J /'\-tJ~~fi:J:[i'ij-flIDPJf~:~fi:C'~9', iftl X~tEERE*

':J /'\- (J)Jj.T~.g-7'0 t A (J)ili)ll ~:~fi:it"2.~Q ~1~tJ tt:l~.g- ~~X Q C,

EERE (J)m:J!~: J:: Q tl't-=~rl'l'tJ~ftg(J) J*f-J. ~:lt G* ~<tJ Q 0 "C.. (J)~.g-1

/:$7 7 7 :$71T~Ij~j:~ =ft(J)J*f-J.(J)tl't.:~rl'l' ~:fEj 3"9 QMli~~T:a:-M~

1T~11 c"9 Q%. "9te:tv!> ft£;} 3-C (J)%j;\; 2 c te:t Q 0 ~ r;~: -~l¥JtJ1 /

:$7 7 7 :$71T~J ~t1f::>~.g- ~::Mpt"9Q 7"0 t A -tT)v~j:, 1l9~(J)mtffC'f&:

iE Gt.:J*~*'1~ ~ )v~:S~t Q~mtf-J.(J)~.g-~tttJ~[i'ij-C'2t; Q c (J)f&:iEtJ~

PX:l[ Gte:t tt:l~.g-~: fEj 3"9 Q 0 iftl x ~t-~~~:mtf-J. (J)*&:*7Jii9!:tt ~j:*6±mtf..L

E ER E, It:o. ~~ (J) JlIlH:~ tt:l C-gv n l :J3 1'), iHfH: 'j:~mt f;H: J:: '?
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-eM @1~*511i4=* I:S ~t GfJlH~tttJ~~tJ:"?-e ~~ Go ;: O)~':~~n:~ it G

c:t ~~~M~~M%31T~1-r~m9G ;: C~j:-r~9, -MlY-.JtJ:~~~*O)

.~C~Go G~G, ;:O)~~#M%3~O)~W, 9~b~~~IY-.J~~~

~~tst~MiFa'tJ) c; 0)9n:iJ~b9tJ) -r a; G C~~ 'E n, -MIY-.J ':#Jl!fi

Fa' ,:5m~~T~0)a; G*~lY-.JtJ:~~~* C ~j:W6J'@IfljIHffIl* ~~~tJ: GC~ it c;

nG 0 fiE"? -e*¥IH~r-r ffl ~~t.:~ft.{M%3{t; ,:et G15~~jt51Hh %Jt 2 ~:

;f§~9G1' /-7:7 7 -71T~lltJ~M%31T~ljctJ:G~':~~M~fmfl~~~~~t

G ;: C,: et IJ, ~-e 0)~'@IfljIj1ifP*0))@~ffilj1ifP ~.~ G1~G C~ it GhG 0

(2). 'IA': et IJ -~~tJ: 7°0-tA ':M9 G~~~@~fIjU1ff1lO)f.~~~~itG 0

;:O)W'@I:tM.cG-e~~c~~0)7~O-~~.ffllY-.Jc~itGo9~

b ~ a; G 7° 0 -t A ~ f1jlJ1ifPM~ C~ it t.:!~-@j, fiEM ':@ffl G-e ~~ t.: PID

fffU 1ifP~ 0) SIS0 ffflj 1ifP* 0) fffU1ifP 'tt~ et IJ FcJ~Gt.:~ ,:~~~mlHifP ~~ it G
!~'@ItJ~-~IY-.J-r a; IJ, ~~ SISO * C G-effilJ1ifP ~@ffl G-e ~~ t.:!~-@j ,: f1j1j

1ifPi! C1~jHFfiO) Fa' ,: -M-O)M~tJ~:J ~~ -e ~~ GO)tJ~-~IY-.J-r a; Go 1JE"?

-e;:O)M~~£*cGT~0).~.~GO)T~~fmfl9G~-r@~~1ifP

0)~~C~G~~.~.*~.~9GO)~~~~~n-ra;G (~,

1998b) 0 9tJ:b~~~Fa'O)T~0):rmf1t~'::J~~-e, .ffllY-.JtJ:J1:tt2tJ)G

9GCAllin~O)u~Mi~O)M~~n"?~~~, 71'/~O)T~0)~~

M~:rmf1t~-r:rmf1t9G15~~.:t~~~.~~c~itGhGo =h~~

litffj/l1ifP*~.~9 GWtl, ftl.{ ffj/l1ifP~Vf-j~I: ~~7· 0 -t A1WtJT I: et G15~

~, 1JE*tJ) c; 0) [p] -7°0 -t A':S ~t G~ .::L - =/ 7+ 0) ~~tJ) Ga; Giff/l1ifP

ii':T~9 GffgO))v- ~0)1*{1=fitJ~E.tl.tJ) , ~t.: -ttl.tJ~ E.O)~~-ra; G
tJ)O)*UwrtJ~a; G~~:J ~~T~~ GO)tJ~-~~-ra; G 0 tJ):J;: O)W'@I-tO)~

~C~~~ ~~lY-.JtJ:71' / ,: etGT~ ~~'* G-e ~~ Go l!.IY-.JI:IDE~F.l9 G

.~~.O)~~-ra;G~, ~c~E.**O)~~~*~O-tAo)~~~1ifP

~~, 71' /ra'O)T~~M~:rmfl~-r:rmflG, ~)v-7°O)ttJ~tJ:~{t;~~

.£tffj/l1ff1I* -r@)JIJ I::rmf1t G-e ~~ <f.~i*-r Tracking ~ Regulation O)ffj/HifP

§~~+~.~-r~GC~itc;nGo ~~;:0)~~~IDE9G;:C~,@

.£t ffj/l1ff1I l!.cOl '\A r- ffj/J 1ffIIl!.0)(b i,I6] tJ~ ~ Gn:J :J a; Gm1:£ , ~.0)~

~ c G-en IJ mu/'(~m~tJ:,~-ra; IJ, ~ t.: PJ1mtJ:~75t c~ it -e ~~ ~ 0
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5. 6 *5 §

~..tiFaJ-goffllJ1fEIJ ~M~ C: G, gg.-r*~ t.::~~~Pi$-f: T)V ~ t> C:~:, *9'
~ -go ifftHffP*iI\71 /' r~, 0)T~~ *fflfl9"~Mfi:tm11~~ ~~~9" ~ ~ C: ~: J: IJ ,

=fjO)~M~~ ~=fjO)~-go Jt~J!i!-r1!t!lL~: iffUfiIIJ-r~ ~*-r.7.> ~ ;: C: ~1ru

ill L, t.::o ~O)..t -r, t:E*0) A ~ A *fflfa:~#"? t.:: PI ffliHif\l*, -~TiQ,H:£-::5'

<~$B9 MRACS, $-~T?J!IJ~:£-::5'< Extended Horizon ~Pi)fflIHffPi~~:m~G

~ ~ .:r. l/-~ 3 /'~: J: IJ Regulation -t1fi~ C: Tracking 'l1fi~ ~M*O)~·t1~{t

~:M9"~ 0 J\ A "-11 fi~ ~~ ~ L J:t~ G t.:: 0 *5* C: L, L $-~Tjjj,IH: ~-::5' <
EHAC O)~~A,.O)Pi)JfPiJfi~tE~~M~ill-r~t.::ot.::t!.G, ;:0) EHAC ~:~

*tl~PJ~irJ/\5' j. - 5 O)*mtB9t~~~:15i~O)~~iiJ\~f~O)~~C'.7.> ~o ~

t;~:, ;: tl t; O)-i!!O)iiJf~iJ) t;~Pi)iffiHffP ~~~~:Pi),Ef] 9"~ ~O)ii:i:,~ C: $-~

~JlPi)iffU1~0)1.~it~:~ L, L-mB9t~ 7°0~A ~M~ C: GL)E'I1B9~~~1T

"? t.:: iI\, ~~~ptiffU1ffPO)~faBiIfiO)jiJ rPJ ~i1m G-:) -:), ;: 0))E'11B9~~~:M L,

-CAi:::itB9t~~ii~1T -5 ;: C: t>~~o)al~ C:~ itLV) ~ 0

-mB9t~~Pi)~IJ C: GL, STR -rm~G t.:: (5-3-13)-(5-3-15) it ,: J: ~ m.;z;.
{-t~~~~/J\=*itil\-mB9-r.7.> IJ, Al(k)=~(k)=1 0)!F.j, ~~~/J\=*it,

).,(k)/~(k) ~-)E~:f*!>~*~:71 /'1T91j0) " v-AiI\-Ai::~:t~~J: -5~:

).,(k) ~~it ~ U!ilAi:: " l/-Ait~~~~ L- LV) ~ 0 ;: 0)~Pi)~IH"j:~1T91J*fflIlJJ

~~~,Ef]v)L~fT9Ijf~~~@J~G, (5-3-14)it-r71 /'fT91J~m-~GLV) ~

iI\, .:rO)t>C:O)%~"j:~O)it-r~~ (Landau, 1981) 0

F-1(k) = ;"(k)·F-1(k -1)+ I-,.(k)· f/{k -1)' ¢JT(k -1) (5A-l)

t.::t='G, O<A,(k)~I, I~A2(k)<2

;: O)itJ: IJ, A1(k)=1 O)ii-go~"j:, ~(k) >0 J: tJ F-1(k) ~"j:i!!*"E GLm1JO L-,

(5-3-13)itJ: tJ, l) O)J!~A,.~G It)etJtIJfOO:O)~4i1\~t~ <t~"? L G*-5 ;: C:
~: t~ ~ 0 -:15 ).,(k)€'''l''~~O)~JEfiRC: 9"~ C: ~t~ v)~~ Gi/)jl'JJEfiR ,:~ It)

MH:F-l(k)iI\~~GLG*lt), mJEfiRO) ~ 1) 7 "~7F:ti=JE~:t~~rl:l'~iI\~

1:.9" ~ 0 ~ 0) ;: C: ~"j:, ~ Pi) ~IJ 0)~*11 ,:~"j: Persistent Spanning 9" t~ b !>
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Regressor r\.. 7 l' )vtP O)~~:: J: ~ fr~Ji6~IEJtIJ -ri6~::> 1\ 7 ~ - ~ fft)E~:: +7ttet

~ra' ~~~£,~i6~6;~:: C C~~9~o 9tet;b~~ L, lt~m¥H~l& IJ i61v-r,

70 -t A O)~{~~:: J: ~liJit.'tt ~*::> C I'gJ IF.¥:~::, +7ttet~~,IJT- ~ ~ffllt~-CIE

Jtljtt~1ii*L,t~lt~C-g'5~*-r6;~ (~, 1996) 0

;:O)titetjf§i.LtJtIH::M9~~*~::ML" Ydstie ~j: Fortescue r; C1~~L,t~6;

~ fj 0) 111 ¥H R ~ ~ -)E ~:: *::> ti ~::, Jfff.l * 0) T - ~ ~ Constant Information

Principle ~::{tE?-C~-C*~:I3J:t~~~J:tO)m~::L, (Ydstie, 1986) , ~~O)

~Jit.'JtIj~::Jit.'m L,~jj*~1ii~~L,-Clt~~ (Ydstie, 1985) 0 ~0)7 ;V::I'I) ;ALdj:

""f~c O)ti ~::~it~ 0

*-rm c7j.{1~~1]\7t1tHt)E 0)-~m C L, -C ""F~c 0) liJit.'JtIJ ~~ .:t~ 0

F -I , F -I .It .It T -I (~A 2)Ie = hie Ie-I + 'l'1e-T'I'Ie-Trle .) -

Ole = Ole_I + FletPle_Trle-
1~ Ie - tPLTOIe-T } (5A- 3)

t~t:' L" Ole ~j:lF.¥:i~~ k *-r '::1~ r;n~m¥H~:t c~:: L, t~ B 0)~1*f1~WH~f~,

Fie ~j:M Jit.'9 ~ ;tt7t~1T~Ij, rk ~j:~,IJ)E f~ Yk 0)7t~, )., k~j:S$l]i*~-r 6; ~ 0

;:;:-r, ~-C0)Jfff.l*O)T-~~MJit.'9~~)E7t~-rR~~~L,~MO)mc7j.

f1~71~Nk ~""F~c-rtk:36 ~o

(5A- 4)

;: ;: ~::, Oflk ~j:""F~c O)WJr{~J:t-r~ ~ n~mc7j.i*fx:-r 6; ~ 0

a klk =1; ai-Ilk '"' Ai .ai/k where Ai E( 0, 1] (5A- 5)

(5A- 4)J:t~j:~0)J: '5 ~::~~J:t-rii~~it~ 0 ~~f~~ek = Yle -ct» TO Ie ~::M L"

N k = Ak N k-I + (1- tPLT •Fie . tPle-T .rk-
I
). rk-

I
• e;

= AIeNIe _1 +.\ 'e; .(rk •Ak + tPLT . Fie ·tPk-Trl (5A- 6)

Nk=NIe.]= ···=No C~'¢~ C,

{
F'''' .A7 ·F }F - A-I F _ Ie-I ¥1:-T ¥1:-T k-I

k - Ie Ie-I (' )r
k

A
k

+ wle_1
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(5B- 1)

(5B- 2)

~ ~ -I (T ~ )
8k =8k _1 +rk ·Fk "cI»k-T "\Yk -cI»k-T '8k _1 (5A- 9)

(SA- 7)Jt J:: IJ, i'iJ~:S~~~ Ak ~j:;Jz 0) J:: '5 t~~~ "1"~: ill < t~ ~ 0

-7°0 -t"A tJ\mfJ~ 2" n -clt~t~ lt~~~

-Sk tJ\~fi~J:ill-.::H~t.:.~~, 9t~b!> ek E! 0 O)~~

-Sk_1 tp O)/F~~i1tJ\*~ < t~? t.:.~~ (9t~b!> F k _ l , UE?-c

W k tJ\*~ <t~ ? t.:. tj~ )

-/'\ '7 ;l- - 5 No ~*~ <1&"? t.:.~-g-

~I:, F k _I tJ\f§MEt:Jl:/J\ 2" lt~:jj(~C' ek 7J\*~ < t~? t.:.~~I:Ak ~j: "I" J:: IJ tJ-.

t~IJ/J\2"<t~lJ, ;Jz0) F k ~*~< L,T/'\7;l--50)¥}~~~51-E"~:'9;:

C:: I: t~ Q 0

Ydstie t; ~j:, 1:.~20)7 )v::t I) A.b. tJ';;' No O)~~ I: J:: IJ, f!&~ l:J~Jt L,9~~

,rf?,tJ-. t;, ;;$:::X:C'iffi-"Zt.:.(5-3-34) - (5-3-36)Jto){~lE Version ~t~~ L, T It ... ~o

~~L" ~~~~l:.~C::~~C'~~o

(ft.5-B) U-D ~m.0) 7 )It:! IJ :A.b. (Wellstead, 1991)

JI~~,IJ lj:-FR~: r~20)1f3Jt~ L, T lt~ ~ 0 ;: O)1f3JtO)~~ftljO)~~~:~j:~1T

~IJfmWJ~lI~flJffl L, -c lt~ ~ 7J\, -FR I: :&:~ra'O)~~O)~~, F(k)o)lE~f~·

M~i1~~MC'~~<~IJ,~~~~~B9~~-g-~~~o

F(k) ~ ~ [F(k -1) - ~ {F(k -1)- x(k) -x
T

(k) -F(k -I)}]

wheref3 = A + x T (k)" F(k -1)" x(k)

:. n~j:, 1:.~2O)Jt I:s lt~ T[ ]f1\J O)iJ(~7J';;'lE~f~M~1T~J O)~ C:: t~"? T S

IJ, m-Ji#if1\J$C'O)fiTti!> I: J:: IJ IE~i1 ~~IDEC'~ t~ < t~ ~ i'iJ1i~tt7J'r~ ~ t.::

~C'®~ (JtLlJ, 1983) 0 :'O);:C::l:MML,'5~F(k)O)J!.Wr~C::L,T, Bierman

1:J::~ un 7.tmtJ';;'~~o :.n~j:, m-~#io)~~I:J::?T, F(k)O)~fij\11~IE

~i1~M2"t~lt~~$~~~o un 7.tmC::~j:, ~~,g~ F(k)~.l2J.rO)J:: '5 ~:7.t

m9~ :. C:: ~ § '50

F (k) = U (k)· D (k)· uT (k)

t.:.t:'L" U(k) ~j:J:=jMT~L D(k) ~j:M~1T~J
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:. 0)5tm~~*1T"5:. C: ,: J:: I:J. F (k) o)lE~M~'11 ~*-:J1J~-rc7) ~. m
~JlffiFf ~ ~""f ':/F9 0

Stepl. m *0)./'\.7 r-)v f, g ~""f~2-r[t~9 ~ 0

f= uT (k-1)"x (k)

g = D (k-1)"f

~ C; ':. 130 = A(Forgetting factor) C: S <
Step2. j=l-m *-r""f~20) (1),(2) ~~1:J)g9o

(1) ~""f0)~~~9~o

f3j = f3j -! +t gj

dj (k) = f3j -! dj (k-1) / f3j A

Vj =gj

!J.j = - t / f3j -]

(2) For i = 1 toj - 1 (j> 1) *C'""f~2~[t~9~.

u ij (k) =u ij (k-1) + Vi!J.j

Vi = Vi + U ij (k-1) Vi

Step 3. ~""f~[t~9~o

L(k) = [Vl' ... ,vm J
L(k) = L(k)/ 13m

Step 4. /\7 j.-~0)~~~1T"5o

8(k)=8(k-1)+L(k)e(k) t=.t:'1.", e(k) = y(k)-xT (k)8(k-1)

StepS. t=t+1 cGlstep1""'~~o ~""f[PJlio

(Mia 5-C) ~~~ii~$l.JfQJ~O)-~ttCJ.~

-..-( /~:7~ ~fiJ!l ciiJ5$l.JfQJ-

MIMO *O)i~Jt;fIjIHMH:ML,. Goodwin & Sin O)JJXWJ:: lJiil~*O)fIjIJ1MImpx~ 1.

2JJi-e*c&? ~0)*B*~~~t~~;&~~$tJtall*I:M9~mJJXc¥.fM~ Dugard ~

C Ydstie ~O)~l!r~~~L,-C*c&?~o t~t:>. tJ.""f:i:-C~~~O)iiEIYHj:~~9~o

~L,<~~h~O)JJXW·~~~~~O)~c.

1. 1Jt~* MIMO ~A71d:~9~1' /~77~rr~Jc-~TiflJJ1:J::~lliIJtMI~[f-
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(Goodwin, 1984. §5. 2. 3)

~JEB<J ARMA ~T)v('M~~~;t~o

A(Z-I)·y(k) = B(Z-I)'u(k)

T(Z-I) =A(z-Ir l oB(Z-I)
(5C-1)

iQ'lPJ1f~t~~~, ~ A T L:dj: Output function control/able C tJ¥,<5'::o 1A. 0) Lemma 1 iQ'lJJ.X

l1."9~o

Lemma 1 : (5C-l)rtO) ~ A T b fj:fi)i~~fT~IJ T(Z-I) o)~~iQ'l, l;;f c Iv c: ~-c 0) z

I: M L, -c t±:l tJ~ m I:~ G f., ~ c ~, iQ~ ":::>~ 0)~ I:~ IJ Output function

control/able (' i$) ~ 0

1A.l:= ":::> O){&:JE~ fi < 0

&5EA: AtJ~ r ct±:ltJ~m lj:~G<, iQ)":::>l;;fclvC:~-cO)z I:MG-C,

det T(Z-l) ¢ 0 ~~t':"9o

&5E B: fij!~~fj:~*I:7D/\-('i$)~o

&JE A fj: Output function control/able ~{&:JE G, &5E B fj:~At±:l tJ Ff.l~ (:i&ftl-!ji

tLO)utf-~Ff.l'iQ'li$)~z: c~~ G-c f.,~ ~o

1A.(:-1 /5 5'7 5IT~IJ~~;t~wH: SISO * {A(Z-I)y(k) = B(Z-I)U(k)} ('0)

utf-~Ff.l' d ~~;t~o SISO *o)~~fj:B(z-I)=Z-dB'(Z-I)C~Gt.:c~, B'(Z-I)

O)~-l}:iO)f,f-~iQ'l"O"('t~f.,~ J:: '5 t.t. d c G-cutf-MiFf.l' ~~;t 6:h~ 0 e:; 61:iE;l;jlt.t.

~ f.,~1i~"9 ~ c, 1A.0)(2)it~~'@"9~ i$) ~ A 7J 5'-~~ ;(z) iQ'lff1f G, ;(z) = Zd

C t~ ~ z: c (' i$) ~ 0

~~~*O)~~, fiji~~rr~IJO)i!!tLO)mi!!~m5E"9 ~ (: lj:,J:.gcO)!J!5If c G-c

-":::> O)~l}:iitfT~IJ ~(z) ~~A "9~o 1A.0) Lemma 2 iQ'l~~~*0)~{5-1::JJ.X IJ l1.":::>o

~m~2:~;tStL~fi)i~~IT~~,{&:JE~B~~'@"9~c~,1A.0)~~~~

t':"9-"?O)~l}:iitrr~IJ ~(z) iQ'lf¥1f G1' /55'7 5 rr~IJ ctJ¥,<5~o

(i) det ~(z) =zm m ~;t~~ (5C-3)

(ii) lim~(z)oT(z) = K, K f;t--:Jo)lEJl.lJ1T~J
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-~I::, ~(z)Ij:~O)m:PX:~c.Qo

~(z) = H(z)' D(z) (5C-5)

::. ::. I::, D(z) = diag[zfl,. ··,zf.. ] Ii ~ d i == min ,sjsm d ij (5C-6)

d ij Ij: j ~ § 0) A tJ c i ~ § 0) tfj tJ Fa' 0) U t':IF.fFa' C' ct;.Q 0

H(z)Ij:(5C-7)itO)M~ L-t.=.::r.=:c:;.::z. :7-fT~IJC'ct;.Qo

1 0 0

h21 (z) 1 0··· 0
H(z) =

,
(5C-7)

hm, (z) hm2 (z) 1

t.= t.: L-, hi/z)lj: z C'~tl t] ·l;I]t1.Q f.1~*t.= Ij: 0 C' ct;.Q 0

l' /':$7 :7 7:$7 fr~IH:":J ~~ T, ~O)fld.d~lJIJtcCMit~~it.Qo

Mit 1 : ~(z) = Zd.J =- =-~: d = mind..
i. j I J

(5C-8)

(5C-9)

::.tUj:, i iff§ O)tfjtJf.1~~AtJl::ML,~-O)ut':IF.fFp'dj ~t~":J~'8"I::1§

~9.Qo

~ I: -1 /':$7 :7 7 :$7 fT~IJf.1~ tfj tJ {y(k)} 0) -~~TiPJH::cO) J: ? I:: ~f* 9.Q f.1), ~ '?

I:~O)~*c L-T-~~.:yiltll:: e:t.Q f!jfJ~f{IH:: cO) e:t ? I:: f*b.Q f.1q::~9.Q Lemma C

JE~~~9o

Lemma 3 :

(i) IU~* 0)~'8-, ~(zrllj:-":J O)~JEtcCiJrJiTC'ct;.Q 0

(ii) f4Ht I:: 7°0 /\-tcC~ii~~ T(z)I::M L, Tlj:, (5C-6)ito) II f.1~ '? 1m 1j:*S

*C L-T~T~F~, 9"tcCb~ /; > 0 i=1, ...m

JE~ 1 : ~~y(k) ~~0)~7t1J~it~~t,=9f.iH::i!!.-s~o

y(k) = ~(z)y(k) (5C-10)

i&:~ A, B f.1~PX:3L9.Q C ~, y(k) Ij: u(k) C y(k) ~Jf:l ~~t.=~O)-":JO)TijlJJ

:CT)[;C L-T~9;:cf.1~C'~.Qo

y(k) = a(z-l). y(k) + f3(Z-I). u(k) (5C-ll)
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(i) a(z-I)=aO+alz-l+·.·+an.z-n; (SC-12)

(ii) p(Z-I) = Po + PIZ-1 +... + Pn.z-n; (SC-B)

(iii) Po f'j:.if]tIJ (SC-14)

(iv) Y(k - d) f'j: y(k),y(k -1),.·· ""t:'~"9:: C i6~""t:' ~ ~ --:J O)g!HIJ~~""t:'c:!; ~ 0

~l! 1 ~~?-C-~j:TffiH:J::~~Jm~IJ~~< t.:.&)f:, 7.-( )\.t:$7-~t!Htt.:.*gHfj

11 T(k) ~;j(it""t:'~A"9~o

T (k) = ~(z)· y' (k) (SC-IS)

Y(k) ~ Y' (k) I:M'? -C v~ < t;Rtc:hMkfF*~IJ u(k) ~*&)~ 0 -f"O)t;Rtc:h 7.-( - ~ 1\ 'Y 7

~HalJ~IJ f'j:;j(O)~~ 2 ""t:'~2~""t:'~ ~ 0

~l!2 :

(a) Y(k) ~ yO(k) f:M'?-Cv~< 7.-(- ~/\:;; 7~IH'j:;j(O)M~f*~o

p(Z-I). u(k) = y' (k) - a(z-l) .y(k) (SC-16)

(J:&: O)7J~iti6~PJi9rt""t:' c:!; ~ :: C I'j:~l! 1 O)(iii)~ J:: IJ §IDE ~n -C v~ ~ 0 )

(b) J:&:O)~Jml:J::~*5*c L--C, M)\.t-7"*f'j:;j(O)J:: '5 f:~~n~o

Y(k) =T(k) ; t"<?d

[
~(z) 0 ].[y(k)] = [~(Z)'Y'(k)]

A(Z-l) - B(Z-l) u(k) 0

(c) l~~[y(k) - y' (k)] = 0

(SC-I?)

(SC-IS)

(SC-I9)

:: O)~!Jf'j:;j(O) :: c ~~'* G-C v~ ~ 0

- J:~O)-~j:TjJt~~Jm]tIH'j:*~tfj 11 y. (k) f:J:t"9 ~jC~tc:h tracking ~jlpt"9~~J

~~IJ~4x~0)""t:'I'j:tc:h<, 7.-( )v:$7-tfj1J Y(k) i6~7.-( )v:$7-~nt.:.*~tfj11

Y' (k) f: tracking "9~ ~J faj:l ]tIJ""t:' c:!; {, 0

-(SC-19)itJ:: IJ, ~(z) f:J:: ~ifJ*ttf: J:: ~~7JXm~o)~f:, *~J {Y(k)pt

yO(k) 1:!&*"9~o

J;J..J: 0) *5* I'j: , *~tI:l11 y' (k) ~;j(it""t:'~"9.:cT)vmQii!~H~f: ratl~~""t:'~{,o

E(Z-l). Y·(k) =H(Z-l). r(k) (5C-20)

E(Z-l) = Eo +E1z-1+ ... +Enz-n ; Eo~j:iEJl.rJ (SC-2I)

Y'(k) = ~(z)'y'(k)
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Pim(5C-12)

Pim(5C-13)

Pim(5C-14)

~ c; l:tJ~O)~*

MIMO *1:':t~JZ

2. ~JEa<J MIMO ~ A T k l:tJ"9~ -~TiJl,tliiMJ.tfl5lHallO)mJJX

(Goodwin, 1984. § 6.3.3)

(5C-1)rtO)~JEl¥JARMA .:cT)V (DARMA.:cT )v) 'J::~X '(!iUE A, B tJ~JJX I) 11.-:J

~O)cGLl~O)~*'J::~~GL~<o

- Lemma 2 J: I), {i;ji~~IT~JT(z) l:tJG(5C-5)rt1:'~~n (5C-4)rt'J::

fr£it.::"9, --:J0)1' /5777fr~J ~(z)tJ~?¥1£"9~o

- T(z)tJ~~~I: 7D/\-1:'~n~t, Lemma 3 J: I) [~(z)rl ~j:~JEtee--:Jo)

~)lT 1:', tJl-:J (5C-6)rt pq 0) h ~: -:J v~ L h ~ 1 tJS-g X ~.

-~ c; I:JEJ.l1 J: I), J;J,""f 0) ~{tj: 'J:: fr£it'::"9 --:J 0):iE 0)m~ d (::. n ~J: ~(z) pq 0)

~LO)~~rtO)!&~~~I:~~"9~)tlS?¥1£"9~o "9teeb~,

Y(k) = ~(z)y(k) pH~(5C-I0)

y(k) ~J:y(k +d), y(k +d -1), ···1:'mJJX1:'~~--:Jo)~~~~1:'~I),

~0)~1:~"9::'c tJ~1:'~ ~ 0

Y(k) = a(z-') ° y(k) + P(z-')· u(k) Pif~(5C-ll)

(
-') -, -nl'az =ao+a,z +"o+an,z

P(z-') = Po + P,Z-l +0.0+ Pn.z-ni

Po ~J::iE~IJ

SISO * 0) iiJ.t fI5lJmmJJX L.-~ e<J I: ts t=.~ ra' ~j:~~ c iOC~ G,

~~~~.~~m~L~~~.Will~'J::.~::'c~1:'~~~,

"9~~o)=-:Jo)iOC~'J::~< 0

-{li)i:: C : ~(z) ~J:~~ 1:'~ ~.

-{li)i:: D : tJ~HJ:)i::J.l2 0) (d)~o)~,*1:'~*tI~~)i::1:'~~.

~ c; I:, ii%ftltJm*tJ~+?tteeEl EBll'J::~?t.::~I:J;J,""fO)iOCJE E 'J::~ < 0

-{li)i:: E : (5C-12), (5C-13)rt1:'mJE"9~~~rt a(z-'),B(z-') ~J:~~tee~~O)~~

'J::~?o

J;J,..t. 0)~1M! 0) :t c ,: MIM0 * 0) iiMJ.t fI5lJ 1aIJ 0) m JJX 'J::~X ~ 0

i@:J.tfl5lJmO)fI5lJm § t~HJ:, SISO * O).~ C ~iijt *~J {y(k)}, {u(k)} 'J::1i ~I:f*

~ tee tiS c; *'fill e<J I: ill ~ Tracking 'J:: jiJJX"9~ ::. C, "9 tee b ~~rt 'J::~ t.:: "9 ::. c 1:'~

~o
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lim[y;(k)-y;"(k)] =0; i=l,···,m
I-or:

(5C-22)

Y" (k) = ~(z)· y" (k) ¥H~(5C-15)

(SISO*O)~-td=~'j:;:O)~~~Hj:1jt~tH= y"(k+d)ctel:?Tv~~;:c~=tt~o )

*:>c 5. 3 tWO) SISO *'=tt9~~%ftjlJ~O)mpxc[ii]~tel:~5t 1:trF'= MIMO *

O)-~TiJW~%ftjfHij ~mPX9~ 0

p}m (5C-ll):c\:~'j:~0)J: '5 ,:ft< ;: ciJ~1:~~o

Y(k) = e~ .q,(k) (5C-23)

;:;:,=, eo~'j: [a(z-I),p(z-I)]0){Jf,~iJ~Gtel:~mx(n/+n2)O)fr~J,t/J(k) ~'j:

(n/ +n2) x 1 O)~IJ~:7 r- )v1:~o) J: '5 ,:~~ n, k ~,~1:!&f~ ilJgg1: €Y.> ~ 0

q,(k) = [y(k)T, y(k _l)T, "', U(k)T, u(k -1/, ...r (5C-24)

~':/~:7 ,)( - 5~%aIJ~~A G, .bI.""f0)~%fljfHij7 J1--::r I) ;(L ~f~~o

MIMO -~7i1l!lii~fti1JtlltlillJ

A A a(k)'q,(k-d)'[y(k/-q,(k-d/'O(k-1)]
8(k) = e(k -1) + - -' c > 0 (5C-25)

c+q,(k-d/'q,(k-d) ,

y" (k) = O(k)T ·t/J(k) (5C-26)

SISO *O)~'8"c[ii]f~H::c\:~mIjG u(k) ~~~~;:ciJ~1:~~o)1:, (5C-26):c\:

''j:-"?O) 7 .{ - ~ /\ ':J :7 fljIJ13lIarJ~~~ GTv~ ~o ~~9~:c\:iJ~ilJM1:€Y.> ~t::.~ ,= ~'j:

u(k)~:iJ~iJ) ~ f*~fT~JiJ't~T O)~~J k 1:IEJI.1J1: tel: ~tn~ttel: Gtel: v~o ;: O)~~rr~JiJ't

¥.i. c tel: ~ 0) ~'j:1il~"O"O)~~ 1: €Y.> IJ, Gt::.iJ't? T a(k)~'j:'~ C Iv C0)~'8""1" c 9 ~

;: ciJ't1:~~o i31~~~.bI.""fO)Lemma C~~~f~~o

Lemma 4: 0(0) ~ u(O)O)l*'~rr~JiJ~jl]I.IH:td:~ J: ? ':~..5~ c 9 ~ 0 ;: O)~a(k)

~ E<a(k)<2-E,O<E<1 ctel:~J:'5':~~9~;:CiJ~1:~,u(k)O){lf

~rr~iH'j:~TO)~~J k '=:J:H~TiEalJctel:~o

(5C-25), (5C-26):c\:0) 7 )1--::1" I) ;(LO)*~~l&*,!jJ'j:~O)~~3 1:@IDE~ n~o

~~ 3 : (&)E: A - E iJ~PXlr G, (5C-25), (5C-26):c\:0) 7 )v::i I) ;(L ~ff:ffl Gt::.~'8"
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~~IJ {y(k)} C: {u(k)} ~;t~lO)~~H:~~~lffW.C' d5 t], tl\::>~l±l:tJ~;t

~iliJI'~H:§ ~fi~~H:!&*9.Q. 9t~b!>;.xO)ittl'r$:.lL9.Q.

li .....1y;(k)-y;·(k)l=o; fori=1,···,m
t"':~~

(5C-27)

J:~O)-G:a<.Jt~~Jt¥tIJ ~~~l&IJ\=~fU~':~~~;z.Q c:~0)7 )v ~'IJ A b. ~~~.Q.

MIMO -m7~ifj~fljlj~.alj (ji~iil/J\=~lH£)

ITT A I
A A F(k-d-1)oiP(k-d)oy(k) -iP(k-d) ·O(k-1)

O(k)=O(k-1)+ T
1+iP(k -d) of(k -d -1)·iP(k -d)

F(k) = F(k -1) _ F(k -1) °iP(k) °iP(k)T 0 F(k -1)
1+iP(k)T ·F(k -1)·iP(k)

(5C-28)

(5C-29)

(5C-30)

(5C-31)

F ( 0) = EO I ; E > 0

yO(k) = B(k)T 0iP(k)

'C.. 0) 7 )V~'IJ ;(b. O)*~a<.J1&*tt'b~J.l3 C: ~f.ijH: §;z.Q.

W-J:O)tj\J$:C' MIMO ~O)ifjJtifjlJt!IJ ~d:tM$:C'~.Q i6~, 1f[~tcC 'C.. c:~;t SISO ~ O)~~

c:At~ t] -1 /55' 7 51T~IJO)~M"~~i6~~,~c:t~.Q 'C.. C: C'a;.Q. 1 ~O)*7.lIJ ,:~;z

t=.IDit 1 (-1 /55' 7 51T~Jtl~.A jJ 5' - C: tcC .Q~~) '* t=. ~;tIDit 2 (Mjij rr~IJ C: tcC

.Q~~) ~;t 'C.. O)~M"~~~ M~': kieV:::> ~tl~;Z.Q 'C.. C: ~;t"iiJfj'gC' d5.Q tl'r, -G:a<.JtcC

~~~~O)~~':~~L tst;:~r~, ':~~9.Q-ij- / 7·)v)SjWlO)ffi~O)m~f~.12Hi-':-1 /

55' 7 51T~IJ O)~FMjij ~':~9.Q ~M"~~i6~~\~ C: t~.Q. 'C.. O)~FMjij~':~;tAI±l1J

OOO)~a<.J~~O)kie*mh.Q.~~~~~::>~~it~~~G, 'C..O)~M~~~~::>C:

§ oj 'C.. C: ~;t~~~~O)M~':M9.Q'~ C: Iv CO)~~~~::> 'C.. C: C: fE]~C' i7.> tJ, i@:Jt

ftjIJ~O) § a<.Jtl\ 6 Gl~~C'~tcC ~~~ftj: C: tcC '? l ~~.Q b~tC'a;.Q. 'C.. 0)}~i6'r~~~i@:

%~~*~m$:9.QJ:C'0)~£C'a;.Q.

~':il~11-~~~ts~~~~':~'t.Q-~7iJ1JJifjJtifjlj~ ,:::> V~l~ 6 ,:.:t-O)~~

~~ Gt=.J: C', -1/55' 7 5 rr~IJ O)~M"~~~~ftJC'~ .Q~~~7iJ1JH: et.Q EHAC

0)~~~~A..0)1lt5~~~9•

30 ~~11-~~~~O)~~~i@:Jt~~

(Dugard, 1984, Goodwin, 19840 §11. 30 3, Ydstie, 1988 ,: et.Q)

~ ,: ftjIJ~M~i61~it 0)~~~ ARMAX t T )vC'~ ~ h.Q~~0) j'@;;tftjlj~~m$:

9.Q.

(5C-32)
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~ ~ ,:, {y(k)}, {u(k)}, {w(k)} 'j:, m x 10)lli::h, A::h, Bt5~3L-"'7 ~)vTt1;

~o 2~ C fEJ~':1&:5E: A - E ~S~ {y(k)} O)-~1"-rffitl~~*~~::. cn~~*Tt1; tJ,

::. n ,: it L- '""( :,x 0) Lemma 5S et U:5E:J:I 4 n~ JJX tL9"~ 0

Lemma 5 :

~a y(k) = s(z) y(k) ,: it9" ~ l&j@:tJ JE'ffi:jj(f1g-rffitl~ yO (klk) fj:1J:.. 0) it~ fr.ijt::.

90

C(Z-I) yO(klk) = a(z-l) y(k) + P(Z-I) u(k)

C(Z-I) = I +C Z-I + ... +C z-n l
I n,

a(z-I)=a +a Z-I+ ... +a z-nz
o I nz

(5C-33)

(5C-34)

(5C-35)

P(Z-I) = Po + PI Z-I + ... + PnJ z-nJ (5C-36)

~) = K (1ifrnn~-:J iE~!,J) (5C-37)

~r,r-flj1HiflJ ~tMJJX9 ~wI': , ~f,f,~n~M~ c L- t::.~-§-O)-~~-riJl~ ':~-:5 <ItilHaHf-O)

tM.5X c -t- O)¥.i~ ,: -:J v} '""( 1J:.. O)JEfJn~.5X tJ 11.-:J 0

JEJ:I 4 :

(1) s(z) y(k) ~ s(z) yO(k) A..~m L- '5 ~m/J\7tM:ffflJm~~j:"F"~cT-9-it 6n~0

P(Z-I) u(k) + a(z-I) y(k) = C(Z-I) s(z) yO(k) (5C-38)

::. ::. ,: {yO (k)} ~j:-9-it 6 n~ ~JE{It*jIJT t1; ~o

(2) ffflJ m WJ (5C-38)it ~j: 1J:.. 0) 11:~~ t9i -:J 0

(a) t!i~c L-'""(O) ~ 5' '':;::f/7'~~ y(k) - yO(k) 'j:"F"~c~fr.ijt::,9"o

(5C-39)

t::.t:' L-, F(z)fj: S(Z)C(Z-I) = F(z) + R(Z-') c7t~ L- t::.~O)~* I:

f,f,b~~Tt1;~o

(b) JE~:j;;l(~T~j:, ~ 5' 'Y::f/7"~~~j:F'(Z-I) w(k) ctJ~o

::. ::'1: F'(z-I) ~j:T~O)~O)ff~tJ~ilJ3¥-j5]~~itTt1;~o

F'(Z-I) = S(zr l F(z) (5C-40)

(c) S(z)n~it~rrjIJO):l;t}-§-~j:. (5C-38)itO)ftjtJm~IHj:. Yj(k) ~ y;(k)

(j =1,2, ... ,m)0)@] tJ T7tm:~:l&/j\': L-'""(~}.Qo

(d) -~agtJ1' /55'?5rrjlJO):l;t}'8". ftilj~~IJ(5C-38)~j:,
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(5C-41)

(i) YI (k) ~ Y; (k) [E] IJ -r7Hit ~alj\1:"9~ 0

(ii) ~lo)kl:MI."", (i)~)lpx"9~mt~0)7.{-~I\~7~IJO)t:p-r

Y2(k) 0) y;(k)[E] IJ O)71m~a/J\I:"9~o

(iii) ~-CO)~Fa'I:MG, (i), (ii)~)lpx"9~li~0)7.{ - ~1\';l7~t'JO)t:p

-r Y3(k) 0) y;(k) [E] IJ O)71~~i;ilJ\I:"9 ~o

~""f~~o

~l;! 40) 2(c)llHj:, M~ fr~IJ 0)1' /55' 7 5 - 0)~-§-~j:(5C-38)rtO)ltJIJ~~IHj:,

~ 4' 0) tfj 17 I:M G~~ftj: 1::l&/J\71liRlfjlJ~:n~ ~-9-X l v. ~ :: C~~ G l v. ~.
-:n, ~l;!4 0) 2(d)!Jilj:, ~FM~1' /55' 7 5-0)~-§-1j:, T~~J:.I:m*tct

~ i5t I: td. "? l V. ~ :J:~~ G l V. ~ 0 ~:tf 0)~ -§- , :: O):@!J lj: tfj 17 0)~ -!Ji I: 0)

.7j.~~ftj: -r~/J\71f<:lfjlJ~ ~-9-X ~ iJ{, =!Ji § ~...to) tfj 17 I: M L--Clj:, 27) ~ lID 0)

~*~ftj:O)""f-r:l&iift:iJ{)lpx ~ n~ :: C~~ G l V. ~. :: O)~ I:, :: n ~ 0) tfj

17 0) 71f<: lj:, tfj 17 "" 7 !')v 0) JIWiJfA~X I: J:: IJ ~b ~ 0) -r 27) ~ 0 ~ ~ I:, 711iR

O)~fD:t lfjlHMJ~IJ I:~bn ~ tfj 17 O)IIWi~I:ft{ff G l t". ~ :: C ~~ L-l t". ~. *SMa

C Gl, lfjlJ~~IJ(5C-38)rt~j:, l' /5 5'75rr~Jt.I{MP.l0)~-§-~~~Fr5JIF.fI:~tfj

170)711iR ~~/J\I:"9 ~ :: C lj:tfj*tct t". c t".? :: C ('27) ~o

~1:iiZlfjlJ~~IJ ~~ X ~o mMa 2!Ji C ~~tct MIMO -~~TilIJJiiZltJIJ~~1J~~X

~ :: c:t -r~~ iJ{, M~O)illllJ l' /55' 7 5r-T~IJ O):J:M"~~t.I~~,~ c tct tJ ~J!H: ~

Gr~tct t".o.-'f:: -r1' /55' 7 5 O):J:M~~~~,~ C:: Gtct v. Extended Horizon Adaptive

Controll:J::~:n$~~""fI:~~"9~o *::x: 5.3. 3 !Ji-r~~Gt,::~~)v-7·*0)P"J

~~-G:aqtd.~~~*I:M:~ G, -l&:~ c ~~O)-l&:~ c ~ 1:tm:~~xt.::...t-r~O)*5

*~r~~o

-l&:~ c ~ : l' /55' 7 5rr~IJO) Upper Bound (M"iliJrJ;:O)a::k~~) "d
lNU

" t.I~~~

-r27)~0

:: 0){&~ O)""f I: (5C-32)rt0) M*~~0)~ I:~"90

A(Z-I). y(k) =B(Z-I). u(k) + C(Z-I). w(k)

A( -I) I A -I A -2 A-nZ = + IZ + 2Z +... + nZ

B( -I) B B -I B -2 B-nZ = 0 + IZ + 2Z + ... + n Z

C( -I) I C -I C -2 C-nZ = + Z + Z +... + Z1 2 n

:::: -rtt~TiJlJJ~Fa'T( T> d",1U )~~A G, ~O) Diophantine :n~rt~~t'::"9~I:
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R(z·I), S(Z·I)~~IiJ~o R(z·I)~j: n-1;fA, S(Z·I)~j: T-1 ;fA0)~~it1T~IJT~~o

1= S(z-l)A(z-l) + Z·TR(z·l) (5C-42)

ARMAX -tT){;it(5C-32)I:tciJ) S S (Z·I) ~t!Ht (5C-42)it ~fiJffl L, Tml.l9"~ C:,

y(k + T)= ZT S(Z·I )B(Z·I )u(k)+ R(z·l)y(k) + ZT S(Z·I )C(Z·I )w(k) (5C-43)

t::.t~ L" J;CfO).f:~H:~EC9" ~o

R(z-I)=r +r Z·I + ... +r z-n+1
O! n-! (5C-44)

(5C-45)

;:0)(5C-43)it~*3t 5.3. 3 ~c:fi'iJ#R~W7J Yi (k) 0) T AT'/7"1tO)TVtH~~~9"

it C: L, TflJffl L" ;: n ~ El ~{~*~IJ y. (k + T) I: ~b9"~Jm*~J ~ 3j(1iJ ~ ;: C: C: 9"

~o *3tO)$-m){;-7"*O)~.g-I:;f.Ht~~~C:fi'iJ.f:.ijH:L,T, Receding horizon O)~

jt ~ii:ffl L,Al~e<JI: ""FEC 0)='? O)jj~1:t-t9"~~mtHij~~1~~o

[jj~ 1] : ~f'F~~0)/\ 7-i&/J\~

T

J = ~ u(k + i)T u(k + i) => min.

O)~{jffi~~a/J\{I::I:J: I:J, *0)~J1ij~~1~~o

u(k) = tr' [yo (k +T) - R(z-' )y(k) - '~PT_ju(k - j)]

~t('l. IH1; [t fljflJ ]

[jj~ 2] : AT'/ 7"A7J~

u(k) - fl-' [y 0 (k + T) - RV' )y(k) - '~PT_ju(k - j)]

(5C-46)

(5C-47)

(5C-48)

(5C-49)

T

t::. t~ L" f3 = "'Y f3 j (5C-50)
f:t

tU:/\:7 ;(-?7iJ~ret~O)~.g-I::J:Ht~EHC mtJ1ij*O)~PX:~~L,t::.iJ~, i@.£i)t1Jm

~~PX:9" ~ t::.1iJ I:~ i -ii El W7J I: t-t9"~ J;.J.""F 0) Regressor r\. 7 r-){; C: /\ :7 ;( - 5 r\.

7 r- ){;~~A 9" ~o

¢(k) = [yT (k), yT (k -1), ... ,yT (k - n -1); uT (k + T -1), uT(k + T - 2),-", uT (k); (5C-51)

uT(k -1), uT(k - 2), ···,uT(k - n + T - 2)t
A Ai'" i Ai .... i ..... i A i A i A i Ai .... i T

8; =[rO,rl,r2,··,rn.I;{J1'{J2,···,{JT; {JT+!' {JT+2,···,{Jn.l] (5C-52)
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(5C-55)

(5C-53)

(5C-54)

t::..t~ lh ;; ~1 f*'~IT~IJRj O)tt5E{~fr~IH::J:Ht 9 Hlf § O)fr"':7 r-)v~~9 0

~m)v-7'*O)~-g. C: [¥iJ~':T~O)~~~IJ-r 1'\ 5' j. -5 ~tt;E99 0

MIMO/EHAC ifjJit\Jl.IJ

ej(k) = Yj(k) -ct>T (k)·ej(k -1) 0)~~~~,:J:;tl,

Fj (k) = A
j

~k) f"j (k -1) - F j (k -l)t/>(k - T) . t/> T(k - T) "Fj (k - I)}

/[Aj(k)+t/>T (k - T). F j (k -1) ·t/>(k - T)]
~ ~

(Jj (k) =(Jj (k -1) + F j (k) ·t/>(k - T) oej(k)

k(k) = trace ;(k -I)}
I trace{Fj (k -1)}+ g j • ej (k)2 / l+t/>T (k - T)· F j (k -1) ·t/>(k - T)

~ 0) MIMO ~%~Hap*O)fM:PX:~{i~ 5-1 ,:~ l.>fO)~f£(~T~9 90

(1) ~ 0) MIMO/EHAC -r'11' /'55':7 5 IT~IJ O)~flfj~~tJ~/F~-r a; fJ, !joH:

:If:0) Upper bound 9tJ:b!'mt*O)flfjii?J[~T-0);jz~ dm•• 0)Jj.tJ~~,~c:tJ:90

~n~1-~~tJ:~~~*,:J:;t ll" :t~&:g-r~91@[ffl 0).flfj;m~-ra;90

(2) ~ S ,: -~;:Tift~,: J: 9 MIMO @:~~Hap O)mpx:-r~\~ C: tJ:? t::..1&5E D tJ~/F~

-r 2l; IJ, ~ 0) ~ C: ~d: 2l; 9 fjfi 0) ~F mt/Hlz:fIHiH~ *,: tdgffl PJij§ C: tJ: 9 ~ C: ~~

ll"V·90

(3) ~m/'\ 5' j. - 5 tJ~ T, gil FI(O)C: lt~~PtJ: p~%~Hap* -r 2l; fJ, ~rrm~O)

@]~tJ~~tJ: <l"ltTt.I'tJ~, ..'f0)*~~tJ:~;E/57td:::)t,,)l"~1*~~-ra;90

w(k).1.
I~

M~
1
I

70tA A\Z-I)"C(Z-I) i
i

A-I(z-l)oB(z-l)U+ I
(k +d)t " u(kl I
~ p-l

I I-\- / I +
---.JV n-T-2. . y(k)

~ ~ f3T_i z -
J

/J-

V nL ~ -j+lrj_1z
)-1

fr Adaptation
Algorithm

M~ 5- 1 MIMO EHAC ~H~O)mJiX
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補遺 I  （審査試験設問 1 解答） 
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表 1. 代表的適応制御方式の構成と特徴・応用例 
 一段予測による評価関数最小化方策 多段予測による適応制御方策 閉ループ特性指定方策 
 1-A 最小分散型適応制御 1-B 一般化最小分散適応制御 2-C 一般化モデル予測適応制御 2-D  Extended Horizon 適応制御 3-E 適応極配置制御 

 
対象に対する仮定 

1) 対象の次数は既知。 
2) むだ時間は既知。 
3) 対象は最小位相推移系。 
4) 多項式 A, B, C は既約。 
5) 外乱は有界な分散の正規白色過程。

1) 対象の次数は既知。 
2) 多項式 A, B, C は既約。 
3) 外乱は有界な分散を持つ正規白色過程。
 

1) 対象の次数は既知。 
2) むだ時間の上限が既知。 
3) 多項式 A, B, C は既約。 
4) 外乱は有界な分散を持つ正規白色過程。
 

1) むだ時間の上限(dMax)が既知。 
2) 外乱は有界な分散の正規白色過程。 
 

1) 対象の次数は既知。 
2) 多項式 A, B, C は既約。 
3) 外乱は有界な分散を持つ正規 
 白色過程。 
4) C は漸近安定多項式。 

適応制御の構成  
図 6 参照 

 
図 7 参照 

 
― 

 
図 8 参照 

 
図 9 参照 

 
 
 
制御方策の考え方 

 
[ ]{ }2)()( dkydkyEJ M +−+=  

なる評価関数を最小にし、最小分散

Tracking と Regulation を達成させる。次

式の様に、プラントの出力の予測値と規

範モデルの出力差が漸近的に外乱を規

定する白色過程に収束するように各制

御パラメータを調整する方式。 
[ ] )()()(ˆlim dkedkydky Mk
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∞→
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の様に操作量にも重みをつけた評価関数を

最小にする方策。結果として操作量の発散を

抑えることが出来る。ただし、λQA+BC の

零点が単位円内になる様にλと Q を選ぶも

のとする。 
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なる評価関数を最小にする制御方策。 
hp は予測開始区間でむだ時間以上の値、hp

は予測修了区間で対象の応答時間程度とす

る。P, Q は別途決める伝達演算子で、P は閉

ループ系の極、Q は外乱特性を指定するのが

一般的。 

 
T>dMaxなる拡張予測区間を導入し、 

0)()(ˆ =+−+ TkyTky M  
の式を満たし、 

(I) ∑
−

=

+=
dT

j
jkuJ

0

2)( を最小とする 

   操作パワー最小策、または 
(II) )()( dTkuku −+==L を満た 
   ステップ入力策 

対象が非最小位相推移系でも 
適用出来る方式として考えられた。

対象を同定後、制御則を、 

0)()(
)()()()(

*1

11

=−

+
−

−−

tyzC
tuzStyzR

γ
と

し、 R, S は閉ループ伝達関数

[ ] CBRzASzT d /:)( 1 ⋅+⋅= −−  
が所望の極配置となる様に多項式 
R と S を決める方法。 

制 御 則 に 係 わ る

Diophantine 方程式 
 

)()()()( 1111 −−−−− =+⋅ zCzRzzSzA d  
 

同 左 
)()()()()( 11111 −−−−−− =+⋅ zCzPzFzzEzA j

j  

但し、 nFjE jj =−= deg,1deg  
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⋅=

+⋅

zTzC

zRzzSzA d

 

 
 
制御の特徴 
 

1) 操作量が過大になりやすい。 
2) むだ時間既知、対象が最小位相推移

系と言う仮定は実際の系に対し厳し

すぎる。 
3) スミス補償法と等価な構成。 
4) 直接法・間接法いずれの構成も可能。
 

1) 操作量の過大化を防止出来る。 
2) むだ時間既知や最小位相推移系の仮定が

緩和されている。 
3) 一方仮定 4)を満たしかつ制御目標を達成

するλと Q の決め方は試行錯誤となる。

4) 直接法・間接法いずれの構成も可能。 

1) プロセス制御で広く利用されているモデ

ル予測制御の適応制御への拡張方式であ

る。 
2) 操作量の過大を防止可能。 
3) むだ時間既知や最小位相推移系の仮定が

緩和されている。 
4) 評価関数内で決定必要な重み関数が多

く,試行錯誤による。 
5)  間接法であり、計算負荷が大きい。 

1) 操作量の過大を防止出来る。 
2) むだ時間既知や最小位相推移系の

仮定が緩和されている。 
3) 出力の最小分散性では準最適とな

り、ロバスト性との Trade off とな

っている。 
4) 一般化予測制御に比較し、調整パ

ラメータが少ない。 
5)  直接法による構成である。 

1) 不安定零点や強い振動項に該当

する零点があると想定出来る対

象に有効。 
2) 本質的に間接法の構成。 
3) 同定後の制御則の計算に逆行列

計算が必要。 
4) 極配置の方法により、Self - tuning 
   PID スミス補償付き PID の適応 
   制御化も可能。 

 
応用例 
 

初期の最小分散型 STR として多数 
（Ore Crusher, 抄紙機, ボイラーセメン

ト原料調合制御他） 

アクティブサスペンション制御 
 

蒸留塔制御、超臨海圧ボイラ 
ロボットの制御 

二酸化炭素吸収塔 
蒸留塔制御 

ボイラの過熱器の制御 
アクティブサスペンション 
Crystal growth furnace 

 

         

図 6. 最小分散型適応制御の構成  図 7. 一般化最小分散型適応制御の構成   図 8. Extended Horizon 適応制御の構成    図 9. 適応極配置制御の構成 



 
 
補遺 I （審査試験設問 1）  
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