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AR XERTFEAL ABSTRACT
Research for Distribution Control System of Shougang

Blast Furnace

ABSTRACT

The blast furnace iron-making which is the main item of entire iron and
steel -production assembly line,which is a complex physical and chemistry
reaction process with multivariable, big lag, non-linear, the high temperature,
high pressure and multiplye changes, and entire seal. It is extremely important
to reasonably control condition and handle abnormality in blast furnace by
utilizing the effective distribution craft what with reaction process in furnace
can not be observed effectively under existing technical method.

Distributing is the key fact to affect smelting controlling of blast furnace,
whose key equipment is the chute and material flow control equipment. The goal
of equably di'stributing can be carried by controlling the material flow and
movement of the chute in blast furnace.

This paper is mainly focused on the following aspects:

(1) First,this paper introduces the developing course of smelting and roof
controlling technology, distribution method, roof equipment and distribution
control craft of blast furnace.

(2) Secondly, kinetic characteristic of material flow is researched,
controlling model of distribution is built. The intrinsic rule of material flow
weigh and throttle valve placket is obtained by collecting and recording them
under the existing working condition. Then the practical operating function of
distribution controlling of blast furnace is built and is applied in production
process.

(3) Thirdly, the control systems of adjusting material folw and
distribution chute are designed based on analysis the rule of material folw and
distribution chute control. The goal of uniform distribution which is stable
metreial flow distribution controlling method is reached by making use of
“time-controlling method” and “weigh-controlling method” distribution method.

(4) Finally,The design of controlling system is validated by shakedown
test and system optimization of the distribution controlling in No3 blast furnace

of Shougang. Controlling system have been employed since 2006, thereinto, the
-1II-



R KFREFEHX ABSTRACT
respond velocity of control system of angle a is 2°/s; accuracy of that reaches to

0.5°/s, smooth and without overshoot when switching. The velocity of angle B
can be limited in 6s/lap, system Error is | et | < 0.2 sec/lap; y angle regulator
without overshoot. The production of blast furnace have not been affected
because of the failure of controlling system. System operation is stable and
reliable, and which entirely meets the requirement of production.

This paper has use for reference for designing control system of
distribution material flow and chute and instructing manipulation of distribution

in blast furnace.

Keywords: Equipmemts of distribution; Distributing model:

Material flow controlling; chute controlling.
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Fig 3.3 The characteristic between opening angle and material flow of throttle

26-
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W RTTE R gy HEBRY . RREMTREHE:
V, =0.01435y +0.02906 (3.5)
v, =0.0225y ~0.5473 (3.6)
Rb V,—F ARE: '
V ——EREE .
Gy ErEmg: ARGSHM 3.6 MYREITOERETORADX
% (3.4), EAGENF, REAR G.1), REEHITEEESHRERBHE T
R ERE (1)
(a+b)*h 2bnR(y-7,)

0 =8S*V*p=[ 5 360 1*V*p
B 0 =Kf(y) (3.7)
A vV ——PREE;
K——-#%%.

REAR (3.7), TUREERE R B ITFEX R X R, B 251
WITRE, ATLABIE SRR E 8.

3.2.5 ERIREH

EEPABEFRETES, ATLRUBMBRERESTRELINH
B, LHEANEENBEGEE —EHER, EFEEMANIETERRENR,
R HFAEdRAEERLHEREERS. hTRRULHAR, LR
A ABEARAEFE BRERRE, BREASFARE RN EENE
BUERBHIERR.

(1) B[] 42 3%

EAEZ R, SRR AERE, & PLC #HI# B8 A R IT 6 B3l
o, M PLC BHBREINSESE, St ELRARE R, 8Py E
HIEY, 2R EAEEESEEARN AN REZELE, HSPEBERT

B, MRRARERETERHES, BYITE, ELERRETEERE,
HEGHHREME 3.4 K:

WE3S o, ATREFARAESLFRNENTRRITERRELR =
A EN PID AR REEE, BHRAMESRIBEILHIR, &6 RE T
B, BEHEEHHRELAXDT:

y=50

BRATESE:

Ay =ft,)-f(t,)
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Yu =V t Ay = ft )+ f ()= ()

(3.8)
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Ya——TRITE R EH;

Yy ——T R I E L FR 1,
Ay—FiIRAERE.
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B 3.4 B () — FF B ik 4 4 )
Fig 3.4 The diagram of time— opening degree of material invariable control
By, ——W BT & e,
Y, —— T i 18 TT B 5 B 08+
Ay—TFEZE.

RIEHX (3.8) K&K, B PLCEHEH, FRMEFEFHME, REETF
TTTERE v, A58 AR R B B RSB A B (GBI, A 2R/ B A ML
il

EHENLEL, FENZRUFHTIBFHLE, dHEREABSE
SEARERMARETHENLE. BADMT: Bak, LW 100 p %4
he¥e, HEEEARER (HE), EWSSFEEBA.

(2) EEEHIE

SEHIMATRA M. ERRINEEETUEERTMERIES. 4k,
BEHBENREER, BHMSENRELHEENSRITEAAD; Ak
B, JARNSESEANER, FETN R CERSLHEBNRESN
RE, JIEMRREEBRUANRTERER, EA-MANHLAEHE S
BITRETFEH MR

HARMUAHMER, REHNBRNEAE. LEHE% 4. PLC LM
MsHEESREEZR, ERE-NMARAHHTIEREZIF, & PLC R
BRRXPHOTREVFHN, THARROFRAAE, BEXNES LT 4
MIATHER AR LB, BAT NS R RKA,
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EBEETEY. REEERE, PLC 23 88BEH, HiH 0~10VDC K
WRRTEEEHEEARAR, BIRERRR, hSBHBRATFEXRN. R
REEHEEME 3.5 /R:

W, AW

FEEH » RREE

fERSR
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- Wsj

W3S BE—-FREZHEN
Fig 3.5 The method of unit weight-opening of material flow invariable control
B w,——SEANEBREMH:

W, —— BB AR EE L E;

AW ——EBE,

UERAR—ANBEHRBRAEANATEHRSE, BB THOELYE
ERENERKE. £ PLC WE—AAMAMA, 5ERX KRR AR
FHRAMZELE, MARAREET - RFNFERHERLRE, IEHET
BITEER, UHRAREENAHUR.

FRERTES, FAEL. BERE. BTSRRI ERIE TR
BlEE. YARCELHA, BB TR BLEGEN RS 2ERTLS,
REERBETREIITE, ATELHARELREHE. XMWTE, F6A4
HEETRE, EHMNTHRARIMAER.

33 MHENREMHREREY

B AR L REPREH TR, SEERENEFEUIEN, T E
EMANIF RS 4, B EERI AR

DB ROy Z 8k, BHS ZHNTFEN XY FI, ERFITEHNA
LG R O PE. RIS XY FEMAR P A, BEXZHEU o (B
W) WAEERS. AEEENHLERY OXY'Z, RAM OXYZAIFES,
B oX Mt EMBEKET -8, OY 4iEHET OX' &4, OX. OY,
OX'. OY WA k& I7E R —FE £ ZEX KBRS EARABERE, FLRRE
&, BEAKNBOTAREDE 36 R, '

AN REARSAEAR, KEERRANENEEEAR. BHEL
FEEMER (B=90°), BiE5 7 % (B OK) Ea, HAWKIKEAE

B h ABREE.
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FAXFMEF0T 2% pUAHBAES
WPRBEEA— BN 30°KEA. ATHREPHAERERSEE, SEnTHE
B AN KT 40°, ENE/NTIEAE Pmin = 40°,
BEAHSEARARESR, EEEKRAPEZ ANESEAR, it
UL Bmin = 40° M #7848 5K 5 A4 5 2 5] A B 188 5 Sk A e ) B

L~ . 4 leosd

B 3.6 KB LAERER
Fig 3.6 The operating diagram of distuibution chute

331 PRIERHEBEELNZ HON

RPN FHEEAL o EEREHEE, —RIPHFRENm, EEXC,
MR M AR | PR SRR OK/
B), PHEREARGEE" OB, PHEBEOEEREN A, WK
GREBLARONEEN. HON. BELNE, RHEASTWE 3.7 Fix:

o T . G=mg (3.9)
o WEHMELSN. F=4mn*lcos § (3.10)

AF I——REKE;
p——IETEMA .
o EEXIPHBRERS:
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N =mgcos f—4mr’w’lsin B cos (3.11)

AP o——BHEREAEER.

B37 PRERELZNSTE

Fig 3.7 The diagram of force analysis about material on chute

o fHSEELENEHNF,:
F, = y(mgcos B - 4mr’w’lsin B cos fB)

_ A 220
= umcosf(g —4mn"w'lsin B) (3.12)

o EHAK ( Coriolis ) JI:
F, = 4mnoCl cos® B (3.13)
R C—FHKF
DR Y60 4 e o TG 722 2 0 ek 5 980 R U e B B T R VR R A re R O £
F, B SRR, B b R R AR R A T
AR, EEELE, WEETRLEPRTZIHENN:
Y F = mgsin B — p(mg cos f — 47’ @'l sin Bcos B)+4mnCl cos’ (3.14)
3.3.2 IpHERNBE LMEHAE
MM g N ER, RATUER. EET AP EEs) g
A i) F RS T
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m% =Y F = mgsin - p(mg cos f - 4n*w’Isin B cos f)+ 4mnClcos® B

=mg(sin B - pcos f)+4m* nw’l cos B(cos B+ psin B) (3.15)
AF +——FRHE) A E], #.
dv

X5 me= (——) (-—)— dl

RARK 315, W)
mvdv = m[g(sin f - pcos f)+4m* nw*l cos f(cos f+ usin B)]dl (3.16)
IR TEERE, o EXTWURN RS k@R,

V= \/2g(sinﬂ ~ pcos B) +4m’ ww'l cos B(cos B+ usin ) + v} (3.17)

PRERE LD, MENLER OXY FIES, &7 MMED)EES

A
V.=V, cos B (3.18)
V, =2nwlcos B (3.19)
V =V sinp (3.20)

ERPRYA: PRHEBELBEIENERIRESNG. BHURERS
N.EBEDFYO, PREEE MBI ERTAR MR (3.18) — (3.20) ki,
HERRMNFESBEE o, MEKE . BRHERBE X,

3.3.3 FREZRMEE S

TE—ARRN, —BRANNEETLEZTHERNERSHBRITR.
PHETEEEEANTZX, BRIENSEARIN, EZEFHBEHEHER.
WEAMBESELONP, RERCNEER, TER:

Pk (321)
28
AF: k——MBHEH;
y——"BEE, kg/m’;
s— PR BEXEHER, m
p—— BSEE, m/s.

BRENRER R RIEEE X, b%/f‘i@bﬁmﬂ’] R, B

Rah, PRHETEEEHEMNEN (PHEZKEANE) b, £3K
omz@i%h?* FFELE J7 ) 8 wﬁﬁﬁ%% Vs Vv V., W
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ooy I/x’__:I/'z'_{_.(_Q_:{’-)-Ez—i (3.22)
m

BRI BRI B AR N Ay U

%=Kq=w}$2%?ﬁm=mgnmﬁfg;mﬁ (3.23)
BEEI6HXERE:
hy+lsinf=1+h (3.24)
.
h, =1(1-sin B)+h (3.25)
V.=V, =V,cosf (3.26)
V,=V,=2n0lcos (3.27)

BEE NS AR EINEESRE X FABILK, PREZRHOTE
HTI‘EJ%JI“ P

I, =Vt =V cospt (3.28)
. !
: t= = (3.29)
& ' Vcosp
BOL Bk & KBS
h=Lwnﬂ+Q_Pﬁ—KL4mﬂ) (3.30)
2mV,

ROIOEN THERERPEER, EXFAKFLENXR. BHhER

5.
mPeos’ B, [ L. 2A0-P) . _ ‘
lx———————Q_P (\/tan ﬁ+—_—ml/,2cos2ﬂ(1(l sin ) + h) —tan f§) (3.3
PR E X FRBHLAAN, £YFRBH], W
I, =Vt =2rwl,cos B, ' (3.32)

2_@@__4 ( pr2 >ﬂaa sin §)+ k) ~tan §))

iF’ﬂEXYEF-@_I:B']ﬁfn, %uzl"fﬁiﬂﬂ:u DR, AERK—NEA, W

B 3.9Fxw, ME:
R =(I, +Icos B) +1; (3.33)

— = 712 ane2 An’ 212 2
>R, = |I*cos’ B+2lcos pl +(1+—5—);

I

£ (333) HE—AR RS, ERETEEKE BENRA P BERY
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Fig 3.8  The relationship among top of heap, material level and obliquity
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FARKEREFERL | P24 pAAEEEL
T =G nes (3.34)
B R =(1-0- 0 R

R,=1/(l-(i'%)*R (3.35)

M5 i A i+1 BR() B A0 B2 R, A
1 1 1
R, =R +5(R,+1 —R,)=5(R, +R"*‘)=Z(D" +D,,)

R =025(D,+D,,) (3.36)
K ABERE, EREARGTRE, KIUBRNMAREEEA B, AR
g, BEiEE B, REFRGOARMER, fRHEmE 39w,

N
«—Jan 8

]
l«— [cos B

1
R,= Z(di +diy)
K 3.9 HERERER

Fig 3.9 The diagram of trajectory of distribution
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X3l HEBHEXREE

Table 3.1 Relation table of ditribution parameter

TAmEAR N 1 2 3 4 5 6 7 8 9 10

TUARHERD 6.1 579 546 51 473 431 383 334 273 1.93

WA B 485 51 53 55 575 60 628 66 70 775
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G, B R UEIETHERME, KA GE IFIX 2 KHE MMI, TSR EE
{73 il CONCEPT Sk, xF PLC #HITHERH. ApFSELNER. Xi&
smEm| PLC Htk, RBEREMREHTEH. BEMAREEHNRBEREY
PEEE, @i RS422 B0 5 TRMEE R, THEMETEREIREERET
®wE. BR. BEET.

42 WEEH RS

T E PR, KHRATRNEHNESE =M.
(1) 2 58 f AL 0 U 48 R MLA R 43 B R A W R T . KR g2l i
gEH, BEERERE, RANAREALRK, FATRERPEFNT

-39-




EKFHEFERL AE¥ HHHDEHEAER
UL Ao, o650 R LR o L BT y A R B th 7R e R ),
HAEKEEP FEARERZMEHT R,

fiFd Rz H R 5K

FTEP,

o W3 o I N

Tatmn | | ems

1 WIEAM

Modbusplus R4

PLCEH 28

PLCE 234 [

Eﬂ ﬁk_éﬁ
e %__i % s
=% [w [m By

4.1 HEHREELA

Fig 4.1 The configuration diagram of distribution control syst
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(3) REWEHET
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Fig 4.2 The diagram of PLC hardware configuration
2) REEHEER:
RA4IPLC RABEIRER
Table 4.1 Configuration table of PLC hardware
% R M5 B % * T 5 £
CPU Hi PC-0984-785 148 SVITLHAKIHR AS-B829-016 6 i
W T4 AS-M780-048 18 HAIEHILKE AS-B872-011 1#
WATH AS-E785-904 16 HMHEEMILER AS-B872-100 6t
R T/O AL #EEE  AS-S908-110 13k MBEHMABIR AS-B875-111 5#
S908 AT HE#F  AS-E908-031 13 AMMBMAKKR AS-B883-200 14k
WR /O ERE  AS-J890-001 33 EEIrHMHt  AS-B883-101 24
BT AS-P810-000 4 it THLZR AS-H827-209 14
DI Hi#k AS-B809-016 10 #t THLR AS-H829-100 24
DO #itk AS-B808-016 8 #t THR AS-H827-103 24
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Fig 4.3 The structure diagram of PID block
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MM 8 PLC #H RE %KM CONCEPT %, PID BEIEEHL T
XEFH, AP REESPID AR E FEBMIE (40 400509), B4 20 4
FE/ADYE PID KGR, FefrEeh. EYRe X R EEEEnE
4.2 iR

& 4.2 concept PID IjREE X
Table 4.2 Function definition of concept PID

5 HF & D&k WEMTH
1 40509 SR 0~4095
2 400510 Bl - 0~4095
3 400511 ol 0~4095
4 400512 LRRE 0~4095
5 400513 FHRARE 0~4095
6 400514 P 0~ 4095
7 400515 I 0~4095
8 400516 D 0~4095
9 400517 B 0~4095
10 400518 Mo LR 0~4095
11 400519 R N 0~4095
12 400520 TEER 0~4095
13 400521 THETH 0~ 4095
14 400522 SEERSHE 0~ 4095
15 400523 [ 2 % 1~2
16 400524 =X 1A 0~4095
17 400525 LT g 0~4095
18 400526 W TR 0~4095
19 400527 R 0~4095
20 400528 BN PR 0~4095

(2) BREFANFE (M) K4

D AWLRE &Mk

ABLF R EHEEE Intellution A7 K IFIX BHKME, FIX REFTF
Microsoft Windows2000 f1 XP F ] Windows #¥#th .0y, ERER N LR TH

MHFHRATE. IFIX BERENVBBRUET, BAREREE T 0T
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CWAH, ERET WindowsNT/2000 F & £ K2 AE5R KK B 34 195 12 6l 1 4K

HRERAF R FIX T U EREH NN, SaErdR, AMuetErE&Entd
WHEEE, CRBMEFEHRERN, ROBRMEME, RELTE, N
MG RAEE. AR ERTUEL FIX 5FNEFRGE
PUZLBEMHRETME TEGR, UFEEEEBETRETSAMRRK, N
MEBFERMAET NN, EXL G

® 3 ¥ &5 IR % 88 Terminal Server

® ik Al VBA

® S AIA B

® VisiconX - AHEXRZHEEH A TR

o YEXEMEH

o MEMBEEH, METHS

o NERE: WHARE

o LML

o T FER AL

® S Hr b SE i 5 435 EF & iHistorian

® £ X # OPC fk % 2% M OPC %/ I

® i ActiveX BHMEHZEBE RN

® A PR 38 A 4%

o {fil [ ¥t % B B R 1 T &

o [14E B % ¥k Plug and Solve HI 52

® T {4 Workspace EF A F kK HH

o EHMRENGEEEE, RULMAMMEX R EH. RELEMEE

REEHEF L
o TREINIEMT SCADA Server 1 LAN [E# Ha{1#H, LI SCADA
Server [B] () R % [

® 38 Windows 2000/NT i F 4 Z 2R A LB E

® VisiconX : AR KK ActiveX $UIE E# i1+

o BEAMERMAMELERTR

® ERAMF A

2) AHUSE R sk B e
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e L) e AT 4 FOF A HNEHELER

EREWHH L Ll Windows2000 H#EZ %, GE Intellution 247 iFix 32
BRUENTFRES, FIREAMEENAREY VBYRETEANRTRS, LLH
MIZEBEMNBEMEEZS . AMNMATRALETEN NS AREE LS IER. X
TREER. BFEREE. BEARET. AREHEE. PHRELESE
H. BEERF. SAMDEEIECE: REABAREE. SARTESE
7 RREBIREBE. fil o MBPAREETR. BHUTAWEBENET .
FREHEESHBS LS,

3) VBA EF &t

VB ¥ 5:

Visual Basic 2 —M ALK REE S, FRXMHMLEAREITRR, &
REETHEZRBENRE, ERTEHACREENYZAY, TETERHE
PR R SRR R B R R R L. Visual M EERTMM”. ERXEL
RIRKERRA S FE (GUD MKk, B THABFERT KR FEREER
ERERBEMRRAENRMME, MRELTERINEE, REREEY
KW BRERFREE "2 R4 L,

Visual Basic 2Ll BASIC B E N &R, Z£MAHE Windows GUI B X1
YiRé. Visual Basic R T B & {54 BASIC K1k &5, F B 4% BASIC Fik % i
Shiig. BIonE T2 4F (Object-Based) MR F R MAB L RER M, Bx
SRR, SEFLE: REXFMANAE: A EBERFEE (DLL)
SUMEESE RATULE: KEMANRE, B8 ActiveX B4 18k
%%, ‘

EH B 3)1LiEE VBA: 1

Visual Basic for Applications(##% VBA)YR I —RIFTH #EE, ©E5E4H

EBERF, EANEESFAEEAESHGE, REHMN 0GR -
BEMTE: M VBARBTHAMENEFE T, RETHLZBHER .
Wit 5. VBA BRE T Visual Basic RETI KM, VBA £ Visual Basic HFE, l
TEYAT VB RITTRNE, TETAGHMEES S0, SIT0ERTT S KE *i

IDE(Intergrated Development Environment)# JL ¥ 4 7 |
FA iFIX # VBA 4 2. |
WITFEAK FIX REHAKT VBA h6s, FIEEEMM Visual Basic

%% % 2L MEE VBA T H(VBA Project). 7 Visual Basic 854, 84T

TEARERE. RBEN. REGD, UBNAFRIATERBESE, & |

HEFIX FREF, WX 4.3 FirR.



A kFHEFEAL $wd FHhHNEHELFR
¥ 43 FIX TR
Table 4.3 Subroutine of iFIX

fHF #iR
AcknowledgeAllAlarms  HiATRCEE TR ARE
AcknowledgeAnAlarm  HiiA¥E ERHIRE

DisableAlarm B R TE E MR R R E

EnableAlarm B E MR R

CloseDigitalPoint *MEENRFEABEN ZEE]

OpenDigitalPoint ARAEENHFRFE NN ZIRELO

ToggleDigitalPoint MHHFEFEMRE GTHFAXED

ClosePicture K P ¥ %€ B0 E T

OpenPicture T FF 45 %€ 1) W T

ReplacePicture X P 46 E i I O AR i AR

OffScan b fE e AR A 1

OnScan EfREREAH

ToggleScan Mk EREHABRE

SetAuto REMEHEN AFEA

SetManual BEEEHFZENFHRN

ToggleManual VB iEERENF/OER

ReadValue EEEFENE

WriteValue BRERTHREFENHIE

RampValue Jo 46 AT S B0 AT B B8 0 SR D AR
EGU (Lf#8f1) B4t

LocateObject EEOEFEREEN R AAE R

Login Login FRE, TR MNP

PictureAlias 4 YaTE g XA 4

VBA RN M-

SHEE, T “BfFEHMEER”
Private Sub RoundRectl Click ()
OpenPicture “ B4 LRI X EHE 7
End Sub
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EARFHEF X £o% A Hn b E %A

s, WEC BB AP T IE A i ev'=30
Private Sub Rectl Click ()

WriteValue 30, " b ¥} 4P T0.T0 8 55 %1 .f_cv"

End Sub

Wi Bbr, BNREEE" HERE
Private Sub Ovall_Rectl DbClick ()
AcknowledgeAllAlarms "1} % & & "
End Sub

EEmE, X EbR, E %208

Private Sub Rect2_Click ()

Rect2.RotationAngle = Rect2.RotationAngle + 20
End Sub

XA LR EBE”, TH “HEHRE@E”

Private Sub Rect2_Click ()

ReplacePicture “ LR FE@E”, “HEEFEEE”

End Sub

(3) BHL 72 &2 P&t

D BEFFHE5FENE

FF CONCEPT #h7E B4 KX AS-P68S HHBRESHHERF.
CONCEPT MEFH£MBHE: EEMEE. ANMAS. BHREXRS. $8H1%
RMUFHITH, EEHAZFH-ADAAHAPARFRT K, EEEFELR
FREIEFARANTFERF.
IRFAE:

BT EE,

TRERA.
TR

THEy AERARETE

PID i ¥ 2 HI R 75

o AT EREF:

BATHERF.
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R K F A+ F AT ot AHADIUEHIAER

PID X3 V] #: 52 7

2) BHTARE#E

Hiilif 8 CONCEPT ##| R R iE MM F PID Stk 5B KB BEFHS S,
AENEMEBES. FUAAXREEGEEERASLATRARAENE
 FEHI R

FHAR: AUBEAREEEHTRATRAITE,

rasAR: AWBREARFIRAREE, BHRALBRIETREKR,
HE) Wt E A e T .

BEiFR: WENREARFRABRESTEESF, GRREHE.

3) TR EREGEFRER

Frig

BROMERE, FHR
BHEER, HEEE

4 e LB IR B

BB

B

B 44 iR EREERETRER

Fig 4.4 The controlling progam flow chart of throttle opening degree

4.2 3RS PID BHEBEMEITAN
(1) PID S HEE

BEBHAZRET XMEMATRMEN, KEGHREBNRELCEERR
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FXEFHRLEFLEBT FuE AR AHNENLLER

WEMZHE A, BHMNENSHEEREAESHINBEHE, 5K
EORESHESH. REHENRESAEASY. B¥FRIMEENIER
BE. GRANTSHRTEE, FEMAE—IPURNRBBHEALREN A
fEhr, KE DA BRI RETE bR 5 18 2 M R 5 45200,

RO RERTERANERRE. BROARE, BHHH. E4NER
FRRTHE, 075 MEMERMREM BN EH—NSHEIFR, 2257
MEAETE bR R 2 T I i) =0 B 3078 2 4 1k AN I i 4% 00 TB o 58 R0, {8 L 60
iﬁ“”o

SHHBETERS, BAIBEKE. BERHEBEE: WRNEE. 5
RRE, REBERTEETREMQESER (ntd® . MEss) &
SHETEERRBEESH. F— LA THEEEE: ¥ANBEEFENDA
BHZHE. BRELRE. BEERE. UG2REEE (BRE) . HREF
Bkl

REUERNITHELE, AWRRERAERAEH B S, AL, BR
7 BEWSKT, EAXRLEREER, BRAEAATER, REFL4
HiKD). AERGFIEML, FHEFHEE, UKXZP. 1. DE, #7RE
ER, HABRHRENTSER LD,

PID W FEFF Y concept M H |, MIFMNBREEME LR ERAMEHKT
WEEEr 1 8. EPD AYHFELEMNERS, IIREMNRCHEREMN
RE®MMBHE. BR, REBFTEMKLAFERRIRIEH, HHBENE
B NEOIERMRRYESR, RhmAABLAEENRAFERLNEE,

& PID @ H, XKAT -—MESLANERTED), REYEETEHENE
BB RN EL R $(0.0D) AR X A9 4R 40 i 18 (180 B), RF Mk R ML FEEZ
BEZAHNNATEAOREEUREGHH | B, REZL MK RS 5
WA, RN EENTIEENME, BB Lk im0 R R R R
Mt REERGHEEATENRSERSHE PLCHAFET. 2T XML
HLE) PID W EIEME T m B HRE & Z M, AR5 R RB R,
BRRMrETHEHSHNRE,

MR 42 FHE AN PID WEESH. ETUEEFEN EX PLC B
PID £ 2 HXBRE. BT, HURBHHRE. AZAR+F, 2ERERB L,
FPIER LM PID BNRMEBSHRENR 4.4 iR, RFPP. LD HEM
Ko fER#D.
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AR EHE R ' Swd AR g s %R
v 44 PIDBEREX

Table 4.4 Setping parameters of PID

¥+ Hs T £ i 8
1 40509 SRR E 752
2 400510 REME 4600
3 400511 ol 100
4 400512 ERRE 4000
5 400513 TRRE 50
6 400514 P 40
7 400515 I 466
8 400516 D 3375
9 400517 & 0
10 400518 R bR 2190
1 400519 B TR 400 d
12 400520 THEER 4095 |
13 400521 T#HTR 0
14 400522 SRERGE 823
15 400523 I % % 400
16 400524 XA 0
17 400525 it E B 4095 ’
18 400526 WH TR 0
19 400527 AT X 0
20 400528 BB N TR 0

(2) PID ¥ ¥5 8iE 47 4 1

ERfFARE R, ATHRBERSEN R &EEMRME, PID B8 — MK
EHERERRA, BNERETEERRMMBNERE, XHREFOREE,

yATEBHR-MIERYRS, Sy AELWLE, v/ PID ATEES
E751k, PID % E1E R LG WA T, &3t LB A KR, JK3) EL 4 B i L BR
MBS ET HHEmE K/, FMAIRE PID ML AL, fERE. BEEE), sk
Fyfa=REHE. ETEF, Ly RETLN, BHRENMNHE, LifER
W, BENE, TEIERMHE =3s.

0~tl B %), PID RN, W ARG EEAFIHEKR, EHTREAER
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ARXFHEFEAL 0% AHAHNESELER
By kPfr=yREE—2° (L BZD , i, VIKFHREMH, B/APIDA
T HyARGEFREBALEIREE. AR EHE=LREMN, BERE
8, VINHEEmNE, REyAE. PDANRETHRENE 4.5 FiR:

X 4

40° |essanamanmmonaaas

380 fp---mn--

tl 12 t'(rs)
B 4.5 ALK PID F 1 BETHR
Fig 4.5 The effect figure of material PID regulator without bumpless switchin
(3) PID K43 90 # =l
FREF A MERZHUR LG RBTER R, PID BHLHFEREABA
E’ﬂ é’l HFF VI B2 B3) PID WA, PID MIELIEITR, Wt AZ, WHE
RESEFRBEZZHTET, ZEHELMNBE LB D, TR
W?%EMﬁﬁﬂﬁ% Wk E, BFERTTERIVIRERF: B PID &
AL, PDRBEAEZREGLOE, KARREAEFIHERE, KHER
GRIFEEHN, RELPID MALE>LHFAERREN, PIDAHEZEH L
B, REVHFHREE EHRAAXTELT PID BEVATERFP, HBRT
HT®REREEROME, WE 4.6 Fix:

13 HHEEEH RS

ATUEPHBOHEREA, TRHESTEEENZEMEMT. B
R EED AEER KT TT AR (B AEHD NEFT MME3)ES (a HEHD.
AREIAE, FEAEEE, EHRAKEKRWNR, SERED, TEA,
CRAEYI KL 5 5 A Bl @ P K P Tl L

ARHEENEREERLIMPRAEBERNNEE Y, HLEERZH L
ENTREF AR A TE KRR XEEREZER T RE. RO RN —R
RS, BEWMTRBERE:
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40° becosmmnonnas

38° ="y

i 12 * %

B 4.6 HEMEE R PID RV RETHR
Fig 4.6 The effect figure of material PID regulator with bumpless switching

o AAMEEAEEEH, 61/E;

o MAMREIERMES, WNEERET 1.7 B/A,

o BHEE, ERARENS:
4.3.1 £HhgEER

e EpEEss s RAER BT ER T RS, KEsH. AR
BELEG ES MEEGEARE AR RS, WERE, 5TEY, &I
WRBHTIEHMACY, KHLURMERIEY, HR AL AR SRR
45 o ) L R P D B L

WFAREETARSLSES, SREGTFRATEERR. BE. ¥
B, SREUTFEMRTHAE, 2EHNEENS. BHTFEPARLER
—h . EENNERMEE, FRESEARE: BABPAHRETE
DARMAE, BAE, —RALEFRHLBHER. BaEAEP K S
KERHAERBNENR S FEREDEEAS, RXR AN MEREEL
&, METPHEEEPRALERE, FHAABRFERHER. BTFER
ML ERATGES. WEREENSA, BNRSHEILTRBINE, S8
HEEE L, —BBEHARRNMENRFEDEEAL TR, MEP4R
WTRs, BERMERBEEERS, i, BI1F. ABB. AB%%, —
WEKSRELEEFNRAERSE, SRELEBHER. BTENTFERBE
EETRGE, RARE, BHREDERE, —RTUBHSEHE. Ti
RENRERBIGEAR, HEEHE LERERASMENAE LN Y
G, BHPRROEEEAS. BHRASERESHANLI S, BAT
DUARAE b AU TD R S A, REE, MO T T RER LSRN
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R XK FAE L Fo% A hHEHERER

W BIFHEAKECREALHEFNGRY, BANEPTREES, WHER
FSREHTRIFER, BATASHRLEEH.

LRESHFGEE MG EEEEREN, BEZH %A SIEMENS 2 & &
SIMOREG K 6RA2475-6GS22 M S & B F HM BB A IEE o p IR E,
BB MBS, SRR 2004, HNBKITHE 300A, HEMERE,
HAMNR, RESKHLEHE, ALWEhE, HFHREHR ANEE:
EMERINEE, § ﬁﬁm'ﬁﬁb&%ﬁﬁmzﬁmm@ﬁ&m#%%fﬁ & A K
MEL N ERNEHREY, RALSRTE 4.7 5%

HEESREE EEIYES ¥iEIRIE BIRE BETE  TIIEE

i
E8E I/. l/_
_— — - - g —B'F_
*'t FL/ vyl
EE LRI B bR R iR ’—.

W47 RERLT)E
Fig 4.7 The function diagram of DC driver device

SIMOREGK 6RA24 Z—ME B2 FEMAER T, REZBHHAK
o, EENATH. MIEHERBEE TR HFERE 400~750V, HFE
R 15~1200A, B HE SITOR G AEHELTATUBFAEERT RS
3600A. /N A & H) SIMOREG K 6RA24 & AT LA Fif 4 & K i i 3% b 30A B Fh it 42
HEE, WRERREHERMBEEHT - ANTBENERAEESEHELD,
(1) EEHARM R
o FHEHEHRFEAE: 34 ACS500V ( +10% /-10% );
o REBEIEBIFEAIE: 24 AC 500V ( +15%/-25% );
® MEBERERE: 24 AC SO0V ( +15%/-25% );
o FEMEME: 45-65HZ CEM BEEN;
o MEHWMME: 600VDC;
o MEHMAM: 200A;
[ ]
]
®
[ ]
{

it B Re S %X?J%’ﬁﬁiﬂ’]lw%
BAEEMLE. i B 1 g
aﬁ%%ﬁﬂa‘ﬂwﬁ : 650W;
BHIEE: 4n=0.1%;
ALK RIM R BRI EiRRiT T, SIMOREG K 6RA24 7
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A KFMEFEAL FwE AHAHNEHEEER

DLEF)ETHE RS RORAEBIT. BHALSHOEERREMNE, UHHR
HAREENRHREZAARENEHIMER.

o REMSHAA: BIRATANBHSHNTHE, REMASER
BHEENBHAEMES R, WREFREXMERBESIEZHRAL, [k
TIR®W . RERARRETERE, ®E T THEXE. X E SIMOREG K 6RA24
BEEENR

(2) BHRERMEH A

SIMOREG K 6RA24 I 6%t R A e R4 &7 X, GRS R THEHS
MES, TULHERIT / AFEH . BARHBIRE, SORERNENA
&, MR TERAEADBHAAORHER, WEIHRERMERERH
5TEHRANEH SRR E, WHENSHAL.

SIMOREG K 6RA24 HIZEA B H A N EE KR RAXHRFZHRL, R
FEETUMMER T EBHaERENERBEEDERRALIA.

MIRAREHIEAREAEE. TZRTE. ANRBERER. EELKF
. HEEYR, HEMIE. BAME. BRLHRE. BRATS. ARE
s BEERREGHREEE. MERTEDHRER. KPR RATHDN PI
B %, ATLOEMAREH NG, &

ERWATREE S, BTLAYRENERAEENENRLENIN, 5
PTI0 B4 T EHAIREHMES, SRKSN. KR, HE. WERENSETEZ
SRAFES, BEERTBLRAEENAREH, BdEREREEMS
EEETRMHE L, TUSIEFEROARES, USEEEAOI) SR,
Fi oL B T SR S T R A PR SR AR, K e O TR 2R B R OB Y R K
LS A A R AT RIS H, AR ERAAO AWM, HBRMKBTTRE
ML/ Wik, BEEHERAMAMRRE. HEHhR SRRk,

FPRESARE—EULESY, BaEEEmiine, cHEMEN.
wusRFEHRATIRFTR. BPETUELFIMRA, HRAEHITHA,
MEFEmEEMmEYN. BEAPREREGANAE. BE. DE. BEAR
“uf, BEE. RRNARREALREEEBEEY, REAETURZE
7, BETREFDALEABPID BH, HEREWNHE. RAREFEXK,
SERL RGNS R ThEE .

4.3.2 &R E MR RE S I

WS RGN NS WK R EE T A Ee. E

R RS B RANARERAERS, mE 48R
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HhE TR (28—
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a(8), 7 4 : .
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B 4.8 BEEH AL TEE

Fig 4.8 The sketch diagram of chute control system

Bd a(B),——a (B) REMH;
ST——FE iR 3,
LT —— L 7 3
V, — & E R 5 E
a(f),——a (B) RRMHE:
I, ——Fii R 1R 1E
CF——#EE R M,
M——E R B3
LS—— BB AN REN;
ZR—— B B A HERH;
CO—— #5235,

FHAZFRETHMRTS, FEATENHELERRBTROMA,
RARTROREEHRMEERBMMREE. RMEYRERTRERR,
VRATRESNEMAEISNA, KRB REE. RANAFBERED. H7
REREHE. SN, KENBRARNMETSEMRA PL AYE. BE R
HEREREANESEYTS, CAKERBRATHEEL, BARLHEE
T#E, HAORENEARER, Rl REEREENAHHBARED,
MR SRR RZREI R EREARN, e Wi IS I 3R & B ik 1
F, EREDNSIRTREREEINATMERAM, ATMREALE,
HENEREREEN, REGKAANERE, BREGEIRPER. —

H#EHE, RELEBFKEFFEPD.
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Foab K F A+ FEH 5wm¥ Ah iR ER
W48 %, RALAETHN, HBREAAREREMNRAREAHELEA
HWELERRE o BME, o (B) ARCESRMELK, 2L PIDER, Wit
ERETEEATR. YEALEAN, EEEVEZRNEEERN, HHE
HURERE), W&, 8 o (p) ANEHFESREEZEBRE: BX
REEEREHEN, EEED, BURE, EELFELEAEIREME.
ELFREALT, EFRATENBRAATE HERBHEENRELH
KEEE, PID AT ®E PLC KRS . BEAILRIEH 517 04 #1884 2)
THEMERE, NEAKEHEMMLE, 2FRETEEANRENRSELR, 5&
MYREBEZERNNTRES, BZPLCENARE, MEBETES.
MTEERANEREREBLERR, EXRETWHER, NERRER
%, REBHEREEETY, FATHRERS, FekmsEt A5, A7
D@ AR, RATHAKE. BEFEIRMLNE 4.9 Fir:

4.9 AREEEASNELRE

Fig 4.9 The action procedure of chute angle controlling

B ——#3) T8
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t,— — B EIL

W s EEMEEDE, RERRENMME 410 iR, HETLUE
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B 410 KEHRTURERH

Fig 4.10 The transformation graph of current in device

B ——mHLE R,

t, — — RHLIF % THE B

t— — BHLRE R
4.3.3 BEHAFERULEBT

MEEENERAES) RMAEHHERBNERERS S, 21888 E
MR BEST o BENFRNED), AHERBIE KNS 5H 17KW R
12KW, FXHBRSEASHIE 4.5:

%45 BEEHEAENLLLSHE

Table 4.5 The parameter of chute drive DC motor

e &5 p HAHIEF a
R 4% 1% FF 10r/min [] % 1% J 0.278r/min
BHEHHNS Z7ZY-32-H BB RS ZZY-31-H
WE L E 17KW Jily Wl VB 12KW
ME W 220V i 220V
#E B 93A e R 64A

(1) #HHRiE#

SIMOREG K 6RA2475 2 FEHRAEEEFTEIMNFIRHSHMMUY
K. WRHNEASH (BE. 8. BERE. DR AAENEE, #1TH
th, Ry HEDMFHHEMF R
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AAKRFREFEAL s AHAHUAHEGEEDL

BEIHR: EE P02 B ML H A 25, 26, 1 27, T4 HIHAT X AL E
#, EEBHABEASOKAL, EUEEATRES, H2BFEE B3R
HHBEFEESZH

FRAHR: BIEANLEAESH, KKK R B P R, AR (] B A/ L
Rl AP REZAE XS HFEF B A P100, P11, P12 BHXRBHHF.

(2) BEHIREMA

MRS BRERISHK P100. P101, P102 (FE®RA. BIE. #
) CERRE, BRARAREEERME, AP LRI CER P354=20 (&
BIRIE N 20%, #Z P171. P172 IIEAFRIE N 100. RIFRFHFEIEF. &
F B Hh P52=25 RIF R FHBETR PR, RLERT Yes/No=Up/Down
BB, BiTgBshFHita. RAE P11I0 CRFLEMRAME) | P11
(CRHLAAR LR o P112 (ERHLEEIZ ) | P155S (B P ) | P156 (A
VAR AEED . P255 (REAFIEIAT 2 P 425) . P256 (MR T &R
AntED BEEDRE. EERAFNMEEETEE, TUSHEMAEKROET
BERWERS . BAEIEKRY 408, BARBEAEHEHABREESBIAERRE
%, MR BT R E P159=0.01 P160=0(5k 4 &), R &R 5, EHiE X P159,
P160 B %8, fRiF SCRIFRFAIE#H A . UERBFMAIFTHHRANSEKE
T 5%, P159=0.2 HIK B 3) &% M4 R EH% P160=0.02 Fffn 7 # % it
EERCR

B R, W P05S1=40, ¥ P354 ¥ AL 100, Hiik P083=2, H#EZH
P140. P141. P143 REFH. BEAHLKEH: REEERULS LN P052=26,
BIFELP R, RLRT Yes/No=Up/Down #E“1"BH\, BILI"RE3ITE
Hfl. BATRKL 6S. HHLLL 45%K0 % E AR MBI INE L E) 20% 0 & K AL
R, LS P225 (HERWEIE). P26 (EEARIHED BFKEIK
B AR IR F38 (MENL ) THBR A BESERITNRETH
284, 30#i F & .

(3) BHIRKBFET

ARG, H#ELE, 4K, B EK, BEMLRE (Eabled),
M AFSEES, FRBRANAR, RELTEFETRA, TEAEI
G IR pug

BRI EEUEFEDAG) - REEELAETRARGHERGEME,
R ERRABRTE, BRRIES, EEINHU,,> U, ERATER
HRRE N ARIEE, EBEABALETHE. ERMAFERT, BKBHRR

-59.-



RAKFREFEHRL gug AR O HUEHERER

AEGAE, FEONERRET, BERAMERD, SNEEAEATEE
BERt, HTEEMNRBER, EHRREHREE, #AEERAR, &
WA ERD, ERRATMEET, w L, % 1,< 1,0, 58

| | .
i j Lo
i i i !
]
! ! ! Lo
1 2 13 t 2 13
B4 RERF TR

Fig 4.11 The diagram of system start-up procedure
NTEERKEATWE, BERE, BU,,=U,. I,= 1,.
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NNEET, U, ERERT Wb RREAFREE EFREL5LERT
L 4 SRR O (R )RR B E AR GE AR M), R B IF M7
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B PIER BIR. RAFEE B IRBATME, (XHERT BT L4 AR i A B 0 ),
U, RBFAARKERT, RFNQIERTE B RS E AR ERARN,
EZRHABRELT. WEEAT, HILFHF,

RESEHEXZERKIRE): GNEEHBITHN, BREEETX, HiF
WUEMEARYE, KNU, 5U, RRE, ERHHHAERRERTERER S,
15 If PR 9 EARTE, VR 80 it oy SR (R AR A ) 1R AR 28 O TE AR ¥ (B 38 4R )
AABLEHHTER, WENERENHEERE, ELTRES, RE, &
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Fig 4.12 The effectiveness diagram of current regulator
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Fig 4.13 The effectiveness diagram of velocity regulator
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Fig 4.14 The current line graph of device optimization
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Fig 4.15 The action line graph of chute rotation
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Fig 4.16 The action line graph of chute rounding
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Table B.1 Parameters of Digital Control System For o

| . BHB  THESH  BHESK B iR
S PO71 250 250 BORHIE LI
| PO72 200.0 200.0 BT B AR IR
; PO73 5.00 5.00 B AR R0UE Bl Rt W IR
| P082 002 002 b 77
| PO83 3 3 S B (LA
P100 92.2 922 B LA AU E O
P101 220 220 LB AIE LR
’ P102 1.77 1.77 B AL 5 0 5 W IR
| P103 0.60 0.60 B LRl /> FRLIAL
' P110 0.0867 0.0867 B [T LU PR
| P11 3.79 3.79 HAX ] 4 1
P112 90.23 90.23 Wik
P156 0.400 0.400 B U 15 28, AR 04 B B[R]
P171 200 200 AT 1 MRS B R E
P172 -200 200 SR IR LR
P225 1.00 1.00 EERRNPER
P226 1.500 1.500 TR 23 FR 2 1 I B[R]
P303 1.20 1.20
P304 0.25 0.25
| P307 1.20 1.20
! P308 0.40 0.40
P31l 1.20 1.20
P312 0.40 0.40
. P391 85.00 85.00 HA W 0 )
P394 10.00 10.00 il i L O L
P740 292 292 WF 14 M EEEFRGERI WL 1)
. P745 266 266 ¥ 16 MI)EEE @ R 2)
P746 2 2 AL 205 16) R
P761 45 45 W F 39 MTIBGERCGFRERA 1)
P766 43 43 I F 36 MIT)REIEF(FRERA 6)
P770 0110 0110 FF R B £R 40 L i H F
P771 15 15 i 46 MIREIEFGTRERL 1)
P772 8 8 T 48 MITIREIEFRCF K BRI 2)
P773 28 28 Iif 50 FIThREIEFR (Ui f Lt 3)
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Table B.2 Parameters of Digital Control System For

585 LIRS ZEHESH & i
PO71 250 250 BRBHE LR
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P308 0.40 0.40
P311 1.20 1.20
P312 0.40 0.40
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