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Automatic Gage Control for Sendzimir Mills
Masaaki TAKARADA, Minoru WAKETA, Hitoshi AIZAWA,
Hikaru Mitsul, and Kbichi HirAl
Synopsis:

Recently, severe demands for the accurate thickness of cold rolled strip have required the appearance

of a new type Automatic Gage Control (AGQC) system for Sendzimir mills.

AGQC systems which meet

the requirements have been completed in Hanshin Works, Kawasaki Steel Corp. They are baced on

the principle of mass flow constant.

Characteristics in this AGC system are as follows ;

1 AGC is baced on the principle of mass flow constant.
2 System has two modes and they are alternatively used in rolling passes.
3 To improve response extremly in screw down, the electrical-hydraulic servo system is adopted.
The following accuracy for the strip thickness has been brought about on cold rolling for silicon
steel with this AGC system ; more than 98.59; of overall length of a coil falls within thickness devia-

tion 5 pms.

1. I3 L ® (<

BHEEIhMROREBEIREEOER L ER
ThH LK, A7 r—-CRRSPIRKRE L FE T
B, XD, ABEER ST 5 REHE I v OEE
et X vEERbDEK Y, BigE, BEROT ——<&
LCERMAEATATE T30,

GEFEE#Sso—#SETthsr v~ - 1 LRBWT D
FRTH DM, 1) A LTHD, 2) 2 VT4 -
I B LT EHEEE S BN, 3) I AR KX
9 REBERENPBE DI LA —212 X%
FEERFT LRS- BERER B LR35, 4) BI-
SRA FRD AGC 2 {Ex in i FOBEBHE» b, HREH
HoBEZ, ERENREBRTVWIONERTHS. —FHT
13, tvew - IARTOREERAT v v ABIRPESE
SGRE O EBEEFEECAGWOhD 2 ENEL, 7
¥—UROPP L IXsS5EymE, SICREROMNE
o, REERBHRCHIBBLCAVWLRS W5 AR

EOFFE® 5 LIREREE O R EAE TR IR TE T
5.

WH T, T35 Ltc=—XREx 3N evy= - 3
D RIS Ry AT Eien?, kKB Wat-
erbury Farrel# L h BA L= A + 7 v —H&xD AGC
VAT ABEBCLT, Thi KB KB L, ko
AGC L WE~TREBRCEN IR D v 2 7 4 DBR,
LR Ui,

UTezofEZEriETs.

2. WRDEVST - INICHITHAGCOMBER
I<HMERTWS X 5K, REHHOREYRT S0

LLT, (DHR(DRD LohborbBEbh s Mg
(Fig. 1) 2% 5.
T=Cydb P/M  -veeeeevemneimnaeiniies e, (1)
P=BvyRIT,—T)f (s A Sp) srveeemeen (2)

e, TikE, C, e — AR PI3EE
EJ, Mt i AEH, BRSO, R ke —AE¥E

iBfn 56 4£3 A 12 A&+ (Received Mar. 12, 1981)

* )i sl ek (k) &4 (Kawasaki Steel Corp.)

*2 )| ek (k) IR 84 & A7 (Hanshin Works, Kawasaki Steel Corp., 2-88 Wakinohamakaigandori

Chuo-ku Kobe 651)

— 302 —



~f~

v D RFE H 2559

Conventional
increasing / Bn Av reversing cold

a tension B Ah strip mill

Q

5

‘ﬁ As Sendzimir

' Bs . mill

ot As

© >

c

5

2 Plastic

] .

= ) Elastic detormation
mill modulus, modulus
Coh Coh Cos Cos To Ti

Roll gap Co , Strip thickness T

Fig. 1. Characteristic curves of rolling pressure
v. s strip thickness.

REDELE, T X AMIRE, To XHUIRIE, r =2V R7T,

(L RBEEARE), ARETE, S RITREOFEES
ThH 5.
VY= IADER, IAERMB KX\ i-D,
Fig. 1 wii} s Cos—Ag BHERIZEHE DALY I A
HEMNETHD, FhEe—1oi- T—Bg ghio
HEDEL 72T 5b. 2T, BERE T, %851
VEIEFE IV NE T, E, RESFEHOmS S 24
5 &, WECE 2 2EIOEETD DRI X
DIRETRED VRN TH S.

WFE, o= 100 AGC BT, LD
by - - 2 =2 HRERHATE VWD, o
X, Al HEOKREHEH 7 4—F -7 57—

F, 2WZ, 74— F A, 7R v7Fy v7HA
T, FerHBRCEDHEZINZ b 0RRALR,
BHAIShCE., E2AH, v 7Y v 7 EAHEC S
Wik, WEREXPKEVES, ERREERELEL
BETr v 7Y v/ BERKRL o b HIEESMET T 5
EVHRIERD DI, ThEmz T, ETFTRNXAH=2
W T 4=V, 2R (Zrm— Y OEDEG
Bt L MBROBENMECEVIRIEL DY, ThbD
HEE CIXBERNCRR D H otk

3. ML AGC > 254

31 >RFLOBE

LEEA LR ER AGC 257 A0 7w , 7F%
Fig. 2 iR+, :

BYAT ADBHIZIKDERS Y THS.

(1) =2 -78——FAIRES TS,

(2) =2 -7e——FBAIKXVETELXHEET AL
B I DA, HAlcrhzhiiiZ 3, WEH%#&
FCwb, ki, BEERAHEEBTABLTWLS.

(3) Z74—F 7427 —VFHHEELL, ZThicHl
BIRBEFC X 5 = 2 HH T I CHEBE R ELX 9
T3,

(4) HRESIE (AGC Mode 1) & HXHE HifH
(AGC Mode 2) #HbH, thbHw R - Ay P —i
CIHECTHEA G THWTWL S,

(5) ETREFC M bIRiBHl—F£REHW
TISEM EMERDEEOR EXFD>T 59,

(6) ETHETSH 5.

1

Screw down servo system

Cylinder i
r=-31 position [---"Subtracterj*-==- Counter \ --- Digital
H counter ' — Analo
s _J

Gage deviation

F‘ Gg---""’ Pulse - Butter A L)
= x.o{Counter x
1

$ @ i

i

]

]
—_—
|C3:A ot : Screw down
verter 1 command
' ASR33
: P PTR
1 T
H
r=====--9 | QR
! /0 Computer

Set gage
intertace

g
2 S oo

Floating A/D

AmpD. Converter

Fig. 2. Block diagram AGC system.

— 303 —



2560 g% & @

% 67 4 (1981) 4E15%

3.2 flwARX
GRIFEE S\ TIRES YOS oLty B TE 5

boETHE, vA -7 ——FH3)RZ(4)RD X
SIRTTENTES.
L RN €D
Li(Gi+4G) =Ly (GotdGg) +vvreverrninnneni (4)

W, VIREBH OB K b &R, LIXBr
FEEIM 7 b oKX, GREEREME, 4G RERE
THH BFT, L, o XxhZh : v+ A, HMUEYRE
T. BEHE G, 25 & AQDE ML Tic 12.(5)
RTRD b 50,

Tie= (Lo/Ly) I D)

R AMRE Gi+4G; kT i, ARIERE &
DFE 4G RFHTE B,

AG="T;.— (G;+4G) = (Lo/L;) Go— (G; + 4G})

2T, TofEZE 4G KHA LcHEE D 46 X
DETRE=HETHEHERE G, %1852 & X T ¥
5.

AC=kdG v evevir i es - (7)

TZT, KIZETAr— 2 & FREM TR E S A
ERTHS.

¥, WAlOWERZE 4G, 2T 5D Tk, E
TEREE U fili#l%2 17 51t (6)Krho B EKRE
Go (8)RTHELLNB G, il &z hiX Xy,

Go'=Go+ (1=RYAG; rreierriiiiiiiiin (8)

(6) 33 <HH O HUF HIfH & i #E H18 (AGC
Mode 1), (6), (8) RS b 0% HRHREHH
(AGC Mode 2) & IEAT =00 £— F&% KFILTH
<.

WTFhoflEe — Vel W THETRER: chick
SLETEBEBHELA MY » 7ORE 100[mm] BT &
WH W) v ETROELET LW B,

W HRIRE X % = = 2 HiEHcoTHBET 5.

BROEHEI-THhE 7 4 —F - 7 3 v — FHRDE:
3, (6)RN2EBRTER LLREELLZ Ot
B X247y bPHRETE. ThiBd s, H
fiBEXE=21L, nE@EOVrvFI v I/ Lc@EEY
HEL, HEHRE GoxBELTW5. fEE 46, 12
AR REHEC SR (9)RT, HEEEHETR -
TR TEL bR,

AGOJ st (9)

[
)
B
It
B a2~
.
Fhgs lEngs

a,

4G, = MGOJ (1—R)4G 5} ---eee (10)

3-3 WENREHNEOLEM

HH O WEHEAY T NCOAR R BEELTHEBT
&, THEAREL TR 2 X b LIRE S EAMET
THEWIERNRALNS., ORADERILRAAD
HERER OIS ETROEEE LB L 2 B R RS
BENRB I WD, TABKRAADAN DL
KA BRI I BHEARRE S IobT 2 L ith 5.

Z DBG B ik

(1) ETHROIEBHY AL ELR O TEF 5.

(2) HEyr 4 v LTET5,

(3) HEHEE - VEEET 5,

T EDRENRE L bRB. E—0HEKZ, ETROGE
WERADODHD Z &b, AAEEIE G IIHA
HHETHD. BE_OHEIEBTRRYIT oL, -8
AL ORTHE & 1 v TF T BB RS D,
WEREE O F ks Baiicy. #oT, #ifie— r%
BEFTHE=ZDOHFEEXRTL, Tox— V& LTHENHR
EEE (BETREME) 28H L.

- VEELFYHCTHLHEAZKRDOLISKELS, I
LVERNERKCTET VY v X OB BRARELL &
Ll Fig. 3 0 X5 fiilge 7 e BETS. HEE
BOF(s) #RERT O—UEBNFRELIERRM LT ()R
DEHELUTE. 2w, —iXFTFABHR LI &
g,

Pl = e-LS

T ceeernre e e e (1)

I <2 B fiRERzE AGo 13 4C %6 X U8 4Gy %
HBfrA7 o, 7 AD u(e) 7hE, (12) XThirbh
A,

UGo=46 = d%=~(1-42
Gou=4G,—4X= 5(1—1+T5> crrnieeneenn (12)

B3 AT, 2RAHOANLL 22 BOHA
WRE OBl Kt 2icbo sy, Fig. 4 iR
I BWRIREDRE Lic & 2l BREER OSEORR] T
LT L& Inx 7o R R EE gy, (13)R TR
Thk.,

4G =e~T'-0IT 4y (4 —T"y —u(t— (T'+ L))
Tt L, e (T'-0IT piEgRy T'—>0

Screw down Cylinder

command 0is;lacement _
aGi

Fig. 3. Simplified model for screw down system.

«



v ¥ = - 3

oD R EH 2561

DT, 2R HOHMANRERZE 4G 0 13 (14) X TxR
Ehs.

_ Te-T'YT e-T1s e=(T +L)s
4G 0= _
Gox ( Ts—1 + s s >
4 e—Ls

(1 ~ Ry )

() R AN REHH OIEE 2RI A, M iREH S
DIEEE R=1 LB ERD R 5. (14) R % R R
CEBRLIERRO—OI% Fig. 4 wrd. WXy,

R

,% w

at 1stpass

Entry dev.

Delivery dev.
at 1st pass
T
)
—

Q 01 Qz2 03 04

Entry dev.
at 2nd pass
T

o 1

ts
1 )‘ reey Mode 2
J : Reduction 30%

a g Y, I
o ©
- a - . 014 Q5
g2 0% o1 02 03 Geooto
Z N ts
QD =
o© MD_(I_EJ_/

Delay time L=~ 50ms
Time constant T= 53 ms

Fig. 4. Simulations of delivery deviation at 2 nd pass
with AGC mode 1 and mode 2 for reversing mills.

- w)
QL
=]
>
=
i © 0 1 I 1
[+] 01 02 03 04
< o ts
LR
« o
B OIr
R
° &
> o
.
S Y S S— -
T LEI [oF [o}] 02 03 [o73
o ts
1
‘\ 2
A Reduction 30%
o A o
2B o S ___ﬁ o3 04
o o 1
£
g ts
QT ©
2
n -1k
& 1
Delay time L =50 ms

Time constant T=53 ms

Fig. 5. Simulations of delivery deviation at $2 std
with AGC mode 1 and mode 2 for tandem-mills.

Entry

\P: ‘v:
Reduction 9%

Fig. 6. Example of rolling with AGC Mode 2.

Deviation 4G um
o

Delivery

<= Rolling Direction

-20(

MET R I A e LC{ERT 2 LT EBEEMNKEL
B, HAREHEHLHLZEGbEL I LI DITEE
FEBYMZ b3 Lpibhs.,

F/T A IV OWTRRECHE Licb 0 Fig. 5
THDHH, TP I AVERTZ E22 5,

Do ks, FECEEILLe T LvTh L ORE
BOOHNERDATE LBE, TXBENRELT
MR IREHETIRRE A X0 S REFEBENMET T
ARRMEEDODH B = Laibhb. 60T, ZOTEREY
HEIL, RAADANEEZMEL B & 5 il i E
HHle— YORERYED B.

MR RESEHERENCEE FTRELEYTT 5 D TH
2, REEELEOCERCTEE FREELYEREI RS
EREMICZZ 0 FWAT B nTcEs. (Fig. 6)
3.4 WEFHES AT LAOXEMES

3:4-1 FETHE

WEOHMBELYBD 5L, ETREZEVINEYE
MERINE, e vo< . s ARHAVWLERT WY
AN FRIEEMIME ST TR L, B
EbE2TnBEWSRENRSHDI. 2T, ETEE
EOWTREARAEELYEECKRT L, Tablel R ITE
WYy —FREYFHTSZEC L. ETROBEMIL €
INEVOEBRERYERLUCHRE 10Hz )
ExpEET 5. Fig. 7 o EWEIGERIERETI290°
BN T I0Hz OGERBE LR TE D, ERLr <%k
HMETHLDOTHS.

+ B

VT .

9 145
Frequency f Hz -
o 05 J 3,5, 10 30 50 10 |,
= . ©
L
1-45
= - o
& 9 ®e ©
> ° 40 N
o o Gain . 490 @’
£ -10r <
3 & Phase ., &
+-135
-15© L ]
1-180

¥ig. 7. Frequency responce of screw down system.

— 305 —



2562 & & 0

3 67 4 (1981) 152

Table 1.

Specification of screw down servo system.

Items

Contents

Type

Servo valve

Cylinder dimention
Displacement detector

HYROP F (HITACHI Co. Ltd)
Force motor valve

$224 mm X $140 mm x 176 mm
Coaxial type linear magne-scale

Measuring range 0~400 mm
Resolution 1 pym/bit
Screw down speed 50mm/ s
Hydrauric system
Pump type Vane pump
Pressure 140 kg/cm?
Flow rate 80 1/ min
100m Pass 1st 2nd 3rd {Final)
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Deviation um

Mode
- SE
-10 1ar-t

Fig. 8. Typical chart of rolling on combining AGC mode 1 and mode 2. (Final pass)
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