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Abstract

China is one of the industrial countries. The large iron and steel production base
such as Wuhan Iron and steel, Baosteel, Shougang is built in China. Although China
remains the high iron and steel production, but the quality of steel falls behind the world
standard, and it is not a small gap. The main reason restricting the development of
China's iron and steel industry is China's iron and steel equipment is severely
underdeveloped, the degree of automation is not high.

In the high speed steel rolling production, one of the most important aspect is on
Precision machining of its head and tail, that is the flying shear. This paper designs a
new type of intelligent control system of flying shear. The system of flying shear system
is optimized and the application of the fuzzy control theory is used in this system,
combined with the latest Siemens PLC products. It can effectively improve the cutting
precision shearing in production line. Compare with the transformation of complex
equipment, the new system only through the PLC programming to realize the fuzzy
control, the transformation cost is low, the control effect is achieve the final meet and
the actual production requirements.

Combining with the actual situation of Wuhan Iron and Steel Group Corp compact
strip production line transformation, This paper analyze the positioning principle of
flying shear, and compared the advantages and disadvantages of DC and AC speed
regulation. This paper analyze AC speed control device, and control method, And give
the optimization that is the parabola curve in the flying shear parking and ladder type
position loop transformation plan. The practical application of the new intelligent
control algorithm improves the accuracy of the system. The hardware part is realized by

the Siemens 400 series, software is realized in STEP7 environment.

Key words: Flying shear;Position control;Fuzzy control;S7-300;Continuous cast;SI1
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FE5T BB A L A FE TR, JF BN Ge 5 S RGO BAL 4, 5 H SR L
FH 8 vy ) A8 5 8 4 I P LG PR, DRkt v D S B 438 2R R 50 ) T 24
Serhyiil. LNV HFEEEARE Mo BREE DL 12Mbit/S S A I3 5 ol A4 i 5 30 1 4
P o IF H A JEH AN (s g B 15 A . K PROFIBUS-DP Gl {5 e KRS T4
TAEGGET, KEMBEERKTH . AT REMYED A, I+ Hik T
T, e S ORI A B T

(3)AS ZR 4 1) A= IR B 2% 103 F 40 v B Rl 380V, e D 4 SSKW. JF HL
eV JRAERE T, AT CBP AR
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SN3E H AT RS HLR AL E I H AT LAV S SN s LA BRI R, O LR DU A A
ZAF BT IAE T o

(5) KBTI ARG T HNUR G2 2b i, BARAHEL RIEHL, SRk iibLaity
ok, ERSGEEHNU L RERAL, KBYBYI) AR SN s 2 B KRR 3,
I Hax 221 (Rl R Sy (3847 0 Hge i R 4. U8 riBIL B AR 4 g g B2 HLR
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I H 2 TR ged e 2 bl
3.5 KE /T

A A ARSI R AR D L, TS LE T S AU R B s
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T DX T) B I LA, R T EIUISE e, KT BT ) REHER I [0 B A6 47
AL GERI AT 1 S DL RE L e PR IKIEE S 45 4=, DAL AR 28— AN BRI TR R AL
A4 BT AR MRS AR AL PRICASC S Y T IO Ze %, mefll KBT/E—
AR PR A IR BL T fEARUE MU Rl SRR A7 B, IR AT E . IF H T KB A
TR LEBT, AREPREEREE RS, P A A R P HIA
4.1 Y B EHSFILERIEZ

A A A% HMD A6 00 BT S A SELI, Wbk B 2% (1 B35 TG v 4
ARSI B PR IR PR A T € I, B 70 Rk 4 A BT da I 2 By DAL B
BEAT IV, SIS BIRIanAr E . KBY BT R A 4.1 PR

A

A
\4

B 4.1 B EE
WETYIZM LUE I L A BER BT Y, SISV 5 B35 J) B dh 47 & 51 5
PIRCE N Aty HBIY5E s, B V0GR shat i aa fr B i IS R] ke, A7
B X, X e s A N At PR

L-S
tz:T (4-1)
L-S
X0 :T (4-2)
C,-C-x, x
== (4-3)
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Horp C, MBI, C- KBYBI IS ALAs S — BRORIE I IR
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KT TR BN R AT EOR Y, 2R AE BY V)R A NI 8 2 8T D) s
fe,  ZeRFRIATE I AL V) Sk BB DRI EESR . BB JI AL E D x> Herb X, 2205
A X, 2 L=S—Cy +C I, BII)A RIS A UG, S &Mk,

2 KB BY ) ARV e M e, I A T B Ay s, I H
RS AR B — HRBY R IRy DB REHERA (0[R2 A A, R IR BY DI
ALUR AT B LA G T I8 B T R IV Bl 22, itk 22 R IF HL i T4k
RIGRE . O THiER CBTRESE AR — BT UIAOR DI R 45 A [ 2 DXk, DR et 22
XF BT I AN BT U S R )RR ML E AT IRER S EAL, — HUH B 22 BE IR
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B AN ' R 2 X L R A R B UG L o JF HOA T BEXTIZ L ik o
HOHATHERAI 00, £ PLC BT B RO, 1 oF ok, ey it s B A P
ANk 2 A e T A I 2 ELRERE A Ko EAT B DAL BRA T3 I P
R37 BH Kos B A Bt ol LARNIE BY 7] LRI i B I AL . By 7 gend— AN BY )
SRR RGO, BN, AT a) DURXASEa AL BB TR, & HoR o AL,
ROAE T LA G — AN BT DI S R A A B AN HERf, — EURIN 20 3T ) AR IK AT I A,
XA PLC v LLXFBY ) EAT#0], iR Bl A 4k 808047 N8 3 .
4.2 XBIEHBEZRIMIL

fE BN, 2 R EY RIS AT BRI 25 AL BN, A Aer I B BT e R
A5 BOE AL EAANRE, IXANRHE €8T e At 2] TR . Horp PLC i
SR ORAINAS 5 5 B SE PR R W 2205, a6 9 {5 5 45 6SE70 A2 Miids, Tl
AL SR E AL, PR 3 e RO B G s S i ) PLC, e ik
APRELE, e AN (1 il S R R, SRR A W] UGS BT 10 o7 2 i 22 ok
Bl ARG ERBOEM B, T REPVE A B BRI EOR, I IRA T
T M ROE R KBTI AT, JF H BRI, JF HLREAE A K I 8] S5 51
Hlzhe DI BATH EX LS BT ia i 2 AT iett, LB sl 4.2 Pros.
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B Y A P
R | '
RrEy | L N
BOEM [ ]| Bk > D/A i > U A
| PLC |

B 4.2 KB EEHIRS
AR e A M2 an ] 4.3, ¥ KBTI BRI RS N &, KBTI KIEIREE A v, ,
MBS B R B, BT %) K B BY J) B B A A B 25 P
v=at (4-5)
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|

|
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t T i

Bl 4.3 TKBYRE AL EAR Hh L%

U
|
[
[
[
[
[
-

JLrp AL B A 25 P AL «
t t 1
P=&—Pm=a—kmm=%—?ﬁz (4-6)
o w2 W46 4 P,
Bk v, I TE] A
{ =m (4-7)
am
EARAK (6) Fnfg
V2
P=p -_n 4-8
=P (4-8)
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PA_ERT AT 21 KB 8T 7] 5E Ao R fe FRAR 70 Ao s A S B =B
B ESCRB IR RN R v, AR5 LMEEIETT Py, AP ARJT A DU
&0 a, FiRig iz ik 2 v, = 0,P =0

CAESR AR G IR e A, AEE 2257 SEbn T30, WU e sl b AT IR I H.
PR e, AR JRE R RE QR B s OR I AL e Rl R, — B BT
Ja, ARMESEAT IR DO TGS WYY J) e o b, RERS HER T XASUE e
IR, ARG AR e KB BT 7] Kok s B B4 T ek . i 4.4 P

VA
Vm
>
0 £, t, t,
Bl 4.4 KBTI 2k
KEYALE P, AT AT It 25 2 T 03 93k i
v=v, —a,(t-t,) (4-9)
P=P2—Ivdt (4-10)
PRI o] DA Y
v=2ap (4-11)

WAL P U v 5 P AR o CBY LAORFFANAR )k J5E ek 11
), (8 GBI BRI A B, BP0, (MR, A
L (4-12)
fEAp = OFINGOL I, O T SEHLEERAR Wil £, T 28— BRI EOR
AL RIS ARSI PR A SRR AR KE DR B[R] A7, Br A 206 G0 ) 2] Sl
et Tt X, BTSSP L NS S IL, OGPk BT
R S sh ay ARG I AR T AR
(0NN SESUR L

(4-13)
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%%ﬁ%%ﬁﬁﬁ,ﬁvﬂ@d=WP,ﬁ%ﬁ%ﬁ%WT'
(1) Ma, <a, W, AFLUN I KL TT AL AT, T A ad 2510 «

a. =kP,P=P, :V?mo

R JHb sk s ) -
—j—=—1 (P, M SETREED (4-14)
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%oE%EEE%%%,%ﬁ%ﬂwuﬁﬁ%ﬁﬁmﬁ%@,%ﬁﬁiﬁv=T,
HHv=kP £, ik 4.5 o

VA
N
Vv, /
-
P1 - | P
€l 4. 5 KBy R HLk e P
an R BT
dv
__2Y 4-15
a : )
A 15 30, ATRASRAS:
1 2 V; am
N _gl\/dv 28, 2 (4-16)
_——
V2 .
% a :
3 2a + 2k2 ( )

1 P, 2 P, Jad I B FH I TR) D ¢
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1'% VAR |
t=———|dv="_—— 4-18
: amJ: a, k (4-18)
I5 e FH 2] R 9T I ) D <
Vv 1 1 a
t =t +t, =—"——+—In—"T 4-19
7 a, k ok nkzp1 (4-19)

WA IS EE G, AHECAR G &AL B, 7RI T PR I 2
FkIA, AR CBIMALE I 2 ), SO REAT A KT PRI R BEAT S I H.
REW] R RN R Ge i mia N 2, JF HWBIAERIZRRE R, A LB AL SR Il % e
P SEIAERS, AR T A R
4.3 LB

JE RGBT AL E IR B GRS, W 4.6 Pron, 248 U007 E Ak 2
AS>2mm I, i i S LIE B R An Y EUE LK) 2%, B 2%. HAS 3
K, BEEAS BUNRIE R0 N S B 2mm I, TG Rs BRI 18 Y R 5¢,
BT U)K, JFSAERE T ORI IR iR 2 B8 0T T 3R A st
5, 1 PLC HLBE:

AS <1mmitf, An=0

Imm < AS < 2mm#f, An=1%n,
2mm < AS < 3mmitf, An=2%n,
AS >3mmitf, An=3%n,

A
An(%)

2% |- ——T——

—2%

Kl 4.6 EGALEIF

19



RXAR K FAE 5T

A
An(%)
Ry B —
2% ==~
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B 4.7 AR B HIFR

Ptk Ja AL BN E 4.7 P, AT IR RS, DU S A7 B s N TR
SHORE, PRBEPE ARSI T AT
4.4 KBNS

AREEARS T TG KB R AL LG, UL G R AR sh i el R
FE AP R I R, ek PR R el i A7 23 3 s KB IR (] AN, DR A
M TARG SRR G, o TR B 2 i 48 . JF HARAE Se i Lo gl
PRI AL BT, ARG LU IR, fyid T Breh B A B R . ATk — 542
T+ T BYIRS L
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BRE KHEMERNEEMREAE

FEWA G R g, AR 22 i 55 SO HURK ) S I (A7 5 R 1R AT I 4%,
I LA A5 Bl 47 S V) 2% - R TS 2 1) B R RIS s S HORAT B B . Rl Xt T &
BYBY ) IXRE (V) 75 Z R BY BY 7] (R R AR A A s R I AR L8, X
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R0, HTENMAERE, S2FRSARENENTI, I H RIS R4
Hh R TR R T DR B AN TP IR 35 1 500 B G A A AL 5 1) i B B0 ) B 1) 2 —
SER . JF AP XL TR RN, AKE T 1 R G4k AR L vk 1) B
R4 {E KBTI RG T, LGB HHR SR H 2 PID #54l, 2L PID
P AR B o R LR SR AR IO BT A — A R R I A A
AR T I TR, S I REECARI R I 50t n4-bE
FRReE AR DI, PR SOR I TR 6. PR B0 i aT LU
JEH AL KA, I FLREAR Y 4 R G AN A (R RS 20 ] DL B i F kA 7 7 2 1
WL, NERRBNBCEAG 2 A8 5%, #80T LIGT R 4T LB vE i 2 6l
DS R 2 Fh AR 2 A~ REAK 1) 4 ol B0k,
5.1 {8489 P1D =5l

FI A PID il LAk, PID #& il IL 4t fay s, HAT s (i Rs e M e,
ZIHET LR, PID HIRIE ST 7 0t B A Rk 2 b 0ok se gk, R IR B e
SR ZE AN [ B, Ziegler 5 Nichols 7= T PID 4034 5¢ 5, PID S4 1144
SERE) 12 N 2125 s B e . an 5.1 8 J B ]

————————— ——————

|
F»wm o
|
nt) + e(t + u(f) (1)
© v, B | 1 >
|
|
|

& 5.1 PID #&HREE
F4 3L PID =H A A B fs, L bl By, B B ST SR e A K
Horp PID il #s 4, Log sy b A e A
K, -e(t) (5-1)
—HARG M2, WARSGES BB N, A 1 A1 g i ) 229800
) PID 1715 2 i HH 428 ) S A A5 22 [ kIS R 384, ERT i 2580, 7
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Gie IR KRGH IR E K, I, R GE ) DR S T HRY, el R4t
I IS 1) gk (HDR BB K, MR I In 21— g s FE T, 2338 AR SEBOIOANEEE
FEURBER, IF HARELH AR, Rt 2. Wk — ARG A7 AT L
Pl MRS SAFAER S IR 2 o

AR Y ERIE =N
T—li j e(t)dt (5-2)
Hr, PUARGAEIAREUGE, A THBRRGEMRSRZE, BATIANTH

SrYATT, RURZE BT ICR TR TR T R, U RS IRE RN, RGN

0t B AT I TR) O FREAS T RROBOR, - DI URREAE 1S R AT iR 2= R A, (H2 B

I Pt 5 R I Ta) P P R AR S 0 (R 1 BT LUK T R GEma kil AR 231

ORISR, R SRR OB R, S R R G R IO T .
Herp o AT I 5N

7, 8

dt

FERGEIWME Y, REMHTTHIRENZREIELLR R, REAEHRER

WRER AZRT R, A MLRahE AR AAFE WL IVERS Y, &

AT ORI e MO i, HLPEHlfE 5 DR %E T R R 21

Ao DY TG RGN M T RERGEE AT, I T — DR I S dr il 2] R 4¢

RIS . IR — AN AT, SREIRRREJE LG R sh & Re.

PID 7 il 5% (10 g A\ 5 i H R SR AR

(5-3)

u(t) = K, [e(t) +T1—_ j e(t)dt +T, %} (5-4)
XIS A% 328 R AN
_UG) _ 1 ]
H(s) = E(S)—Kp(1+_|_is+Tds) (5-5)
5.2 IEHiiEHI 2 IS

FM Zadeh $2 01 THUBIECANIA RS, NIRRT 451 12 IR WOKS s R S0
TR IRE 170 29— D RGO E RS MEERIT, ROGER 2 005 7], ARGy #E
FIBMNREARZ, RGPS E T, 5IA TARRBRZ . QR4
R, BT =2 RGP 2 AR AR B 2% 6 TR R M IR 1538 14 3%
gt, XFEREHEe LT T . Bk, fESIANTEMIRMS S, AT
FERRILIE RGBS, IFSIAN T AR S N T Jiik, Wil
AT S VAN S BRI S ORI S, R BRI R SR o o A2 R OR EA 21
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AN, eI AR IR 2 S e S th s A, AR IR il eh, i
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ARG, AT, BV8Y 70 (S b B 5 e B B R 22, 6
B )7 F R AR, AR SN T Y ) A 22 (AR A AR 7 1, A
A B L PR S
5.3 EMIEIEN Pl =%l

T P ESIRI A L34 AL, 6 TR 2 I, ARt T I
PANRITH, HUBRIRZY, i 0 s 2 R o e 8 260740, T 4 Pl
P G T I3 5 2 PR BRI S 2 et %, DRk e B ML e s oy, — it
FATT A T S 10 B BB 7 TR B A (K U, SR R S — L I
BNEE S, HEGEI PL S IR IR 15 3% A I (i R, R4 11
PI bt T — AN S AR 2 AR (L BRI Bh 10 RS, 2 I R 5 TS B AR i 18
IR, T R e b, RO B R o 5 O LR A
ORI K e % R R M e 5, BRI S . JFH
RO 8 P PR L3 5 PR 35K, S5Ol D (3% 52 B PR AN 0
AT BN (A SR EASCR, ASCEES T B EIE RS 2 Ak, ¥
VT R IR RO S R P42 B,

KGR G CSP ) LRI E BT — A iR, DURE L
BIEIK KL S B R % S PLC H, B e i, B I S G
ST (AL DA NS e WD R e e S 10 B3 [ I U8 AR [ I AR (B2 (=2 I SE DA ]
TRBAE R G B S AR 10 22 o ORI I 100 S J0 30 A R 58 O 22 A A %
e T o7 AR 22 () A8 A S R AR A6 7 1) o K FCE S BORI S B B I S S, JF B
HE S KT B, HEIR U S, B BT ER E—A P
92 DRI AR 2 s 5 PR LA 5 VR RE B BR P P T S AN B B0 R T
B R ORI, ORI IZ B b i R A AT R, 784 T
RN AL TR, fIE 5.4 JBOR (33 R 4 4k B B,
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I

W |

ERE T
S PLE I

BRI
& 5. 4 KBIBOMITR ) BB NG

BOmIERIgs T, i R e KBTS EK, o K R, Gl ke
P R SO AR S A . A AT R, A RS 5 PLC, BT
B RGUI SN AL VOE AL B AT LU, 19 I A2 B 22 e MAZAL A ec, Jf HARYE T
SeBERE Ut K 2615 ARSI, BRIV A) S X AN S B AT SN (A BT
X Ke K BIHAERGEPE IO, 45 1T AR R 2K

(1) A5 2R G fuhr U 2% BT (A7 B 5 SERR B AL B i 22 R 2 R, Rl e UK
ARG Lk RGP AR BRI, WK K, P ik R TAI Y o (R
N T Bi RGN RE G B, NAZJS AT R K LB

(2) i 2= e = 0, W2k 7 BJ5 b B0 B A IR T (R 8 n i AR, U i 9%
DK RIIEANNAR S T8 R g mise v, JF HR s Rg bt HHEMRe s, M
ZIKK, .

(3) i m 2= e 3, A T B R GE AR R K, BOE A K,
5.4 fRMEHI T

TR, AR, AR Rl as, FUR R A A E I 22 4
N L i 7 BE A I 1] R AR A 8 K FLARAR T T TG T4 3 W TS 320 2R Ge kAT HERF (4
HIWro T eI A5 A%, T AR HLIRAT 138 T T A RO 42 o 2%

i NAZ R BEE BT B YL Ve 8 A MR D B 1) AL B S s A 2 TR ) A
e=S, —S,» UAKAIEMmZL A ec, Hith A B s EH T PL g A
RIEZHAK, « AK, .
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P2 SCORAZ A3 R RS2 AR 65 1 1) 18 15 e, ec = {~0.3,-0.2,-0.1,0,0.1,0.2,0.3} 2L
H, ﬁiﬁ%&ﬁ?%ﬁi%emzwﬁNMN&L%ymym,A¢ﬂﬁm
XA FmEROC. SUmZEIG T FURZERADN . oz IEmZERUN. OE
(i 2238 5 IR ZEBOR . [, AK « AK, 198308 {-0.3,-0.2,-0.1,0,0.1,0.2,0.3} ,
KV B 145 4 {NB,NM, NS, Z,PS,PM, PB} .

BCAN CSP A7 2 BY B K AR A YO R AE 1 Imm s i BB 3¢ A F) 3 A A
Amm < |Ae|<11mm, /NT- 4mm AF AR GEREH] . PRIAE SR 103G A e iF K BT 8

PISEbr 5 W Z ) R ZE A . 42 AP I SEBRE O, AT BRI BB 14
10mm <|Ae| < 11mm 24 51K (NB) ;

9mm < |Ae| < 10mm 2 Fi (NM) ;

8mm <|Ae| < 9mm K fi/)s (NS) ;

7mm <|Ae| < 8mm K % (Z) ;

6mm <|Ae| < 7mm i) (PS) ;

Smm <|Ae| < 6mm 4y iEHT (PM) ;

4mm <|Ae| < Smm Jy iE-K (PB) ;
5.4. 2 HERBEHERH

TEWELF BRI AR A JS, B PR T B E M 2SR E B, Hr, R IEfim

i G SR Je8 P52 R BRSO AR TR IR DGR 2 —, S B2 pR B0 BEREAN A0 [R)— E )T
PBOMIME S B AR, LR 2N XA F AR 2= e i, 78R8 B ek it 421
R, PATIX HL A A ) B N i e ot e ik P e ) TE AR R v A0 o0 At 4%
N TS RGAAE R RER, WAk m o fis S — W
5.5 BRIE] 5.6 A ARl H PR SR s 2 R it 2k
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1t

A/ /\ A
) \
/ \ \ \

—025 02 015 01 005 0 005 01 015 02 025
E

Kl 5.5 EflEc REEFRHE
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o
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K 5.6 AK, f1AK, £EEREHE

5.4 3MAEENLXE

FEE PSR, RPE KIS RS, E R4 2 [-10mm,10mm], E
(7% 4k L A [-0.01mm/min, 0.0 lmm/min] o A0 B i 22 5 KAE 10mm %R 8 358 5 K AH
0.3, M E AL T Ke=0.3/10=0.03, [r] Ec AL PR 1451 30,
5. 4. 4 R HIH N B9 5L

18 KBIAL B R G = R S bras AT, BRUh K BTAE — N IR (] PN 38 47 (1)
INf TR)ASS R, BT AR A2 1 R G — L I 22 I e e DRl S BV R B, DAL R 4 1)
LW B[R] A ZB0PR, i S (] N AR R 00, AR 2 A I s AT N &%,
PR L KA BATTHE L T 4 R 381 6 BT A7 B ROR  1 ARO BRI il ), AR )
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