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Synopsis:

Bode diagram technique was used to design the appropriate gain of Automatic Gauge Control (AGC)
system in cold rolling. Study was focused on non-stationary rolling conditions such as acceleration and
desceleration periods.

Transfer time of strip between rolling stand and thickness meter depends on the rolling speed. In
acceleration and desceleration periods, the rolling speed varies greatly. Therefore, the gauge control
system has variable time lag in acceleration and desceleration periods. This leads to the instability of
total gauge control and yields off gauges in strip thickness. Accordingly, for finer thickness control,
there is a need to regulate control gain at optimal value during acceleration and desceleration periods.

Under such circumstances, an investigation has been made on optimal control gain using Bode diagram
technique. Firstly, the gain margins of the gauge control system have been calculated for various roll-
ing speeds, It is revealed that the gain margin varies greatly in acceleration and desceleration periods.
For finer thickness control, it is necessary to maintain gain margin at a constant level for all rolling
periods. Under this consideration, the optimal gain which depends on rolling speed is calculated. And
the gain compensation curve is obtained, which represents the relation between calculated gain and
rolling speed. This compensation curve is plotted for various strip sizes and steel grades.

The electrical circuit design, based on these compensation curves, has been developed and applied to
cold strip mills at Kakogawa Works. The applied results are successful and off gauge length of the
strip is remarkably reduced both in acceleration and desceleration periods.
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Table 1, Calculated gain compensation.
Thick- Rolling Speed (m/s)
Grade Ness | o

(mm) | | 5 | 1015 20 | 25

0.4 0.01| 0.30} 1.00{ 2.89] 6.29/12.09

Rimmed
steel 1.25 | 0.01] 0.30| 0.84] 2.87| 5.97/11.98
Killed 0.4 |o0.01] 0.34 1.06| 3.06 6.85/12.98
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1.25 | 0.01f 0.34| 0.95 2.86| 6.65/11.43

%1, 5, 10, 15, 20, 25 (m/s) @ 63 H i L{LI &5
4 VEREREEL, O EEMECHEREERS X5
fi{EIRE D 1 v g ZRHT Table 1 TR L.

Table 1 @WRLAc&L 5 EYY 1 X, W1
ADF B A YAEHEIKE Y, BHEF I X EGEY
4 XCILEYH+ A4 X2~ No. 5 22V FETDR
BHETENKEL, 20w, BEE, r A2 1B8L,
BRED 0Vis/0hs DIREL B, LichioT, RE
HEHRO—KEZBRD v VXYY 1 X TIEL,
DD, 54 VEARIREI LB EELORB. ¥4
VEBAKEVLEVS Z IR, BEEREVW ML
THEREEIYHCEATHZLERLTEY, ZOZ &
REYEEDOBEA 2 v ¥V TREHE LN, HiHl» 1 v
PREL LVHEEEREL LB, RERHEOZ)
ROVBEFEIRBLE WS EROBRRE—FH LTS,

EFEMETIE Table | ofERPER LT, (21)RDOE]

4 Stand 5 Stand

Thickness meter
JU— o—"

Non-linear

Multiplier
Compensation |

I
1
__________________ Rg——

Fig. 9. Schematic diagram of non-linear com-
pensation at final stand.

BT 25F off gauge

8

w\l .
¥E <1

g 0 o —

Ssec. Time 1

AGC signal
(Volt)

X'i"
.

Time

100

Time

Thickness variation

Grade . Rimmed steel Thickness : (. 4mn

Roll surface : Bright

Fig. 10. Thickness variation resulting from non-
linear cmpensation.

o
@ 51
:"h-, of f gauge
w8
£ > f\
g% o

1 e

Ssec. ! Time

]
5T
w o
0 ! '
2 ] i

1. ]
e Time
L
3 |
5. 200f !
23 100k : :
@ H |
§ I [y \—J ¥ \;\/
= v
S
3 T
o Time

Grade : Rimmed stee! Thickness : 0. 4o
Rall surface : Bright

Fig. 11. Thickness variation resulting from linear
compensation.

OB CEE, 1 XL IEHZAATHERH LTV 5.
wic, ZOXREok -V BtonEsd Fig. 1 Wi
THERIZ v 7 A AOFEE AGC RICHEA LB D~
THHAET5.

Fig. 9 k x D ERKOBBE R /R . & & C, BECH

— 300 —



HEEMBEREICK T 5 AGC 7 1 v O REIL

2557

ATEEY DR FERRER Lic sy Thsb. %7, No. 5
A gV VDR — VEEREREEBIERC AT L, RAEELEH
DTS XU 1 AWTHE LIcHE » 1 v 2R LED
ThH, DX LT, BohicmEEBEoml e %,
HEROFH AGC L IO>THEERTWS No. 5 A%
VIDHEEBEERECHITAZ ), TOEREBER
THIE LT, REMEHIHETE LT3,

wiC, FHEIEBEOEEC BH LC&ERY 7~7.
Fig. 10 3FXHFEC I HEEZERTH Y, Fig. 11 3%
¥FBECIBERTHS. HRAMNIY A VYIITS Ty
4 XTh%. Fig. 10, 11 T, LRI EERHE,
MENTEEIERE 22 LT\ A . TR By FEER:R,
Helhix No. 5 A2 v FOXBREXFOBEEN LOR
EHRRLTD., Fi, SRBTRLCEER, 75—
CREIBELTWS. ZOFITE, KFEL LD, K
#1 100m THotz. *+ 75— o8, H 20m L L
7.

4. &

BIEX V5 5 I NTRGBMBEROF 7 ¥ — R X
WA BRI E LCTIREHEROHIE > 1 v ik#kT 5
HEZDOWTERE L.

ARG TIIMBGER T BT 2 IWEHIEER Y BD B 1
DO Y 1 v EE AR ER LEERER LT3

il

T A vERERR R RS L. Tihebb, 8k
EWRE IR OB R R BB CEBR LA — FER
B X s OFEEREC BT AWREHHRD ¥ 1 w4
BERIAELT, COE»LF A vEENEERE X S
T—EDBIEMEIC I B 70D 74 VB HE L.
CORREFERT B, & - 1 X0y 1 HEE
BREFEL, TofRY D LCERKBR XD mHiEE
ERAMF L. o EEx B SRAL7ANLICES
5, EROMBIEC BT B4 7 7 — CRICH, fHEZE
BRI INEER O 4 7 7 — SENKIBCRA L, £
DEDEVERCTEL. EEZLOF 1 vHEEEN >R
THHEE LTI, BREKC LS FEOMfic~r 7=
2 VL - R IDFELEL N, §BIAZDHED
WL EEL TV 5.

X Lo

1) WFTH, REER, HFEREth: 5 12 @ SICE
Fihkms, (1973), p. 709

2) WFTH, JI B854, RUER, BBt M
LT, 155 (1973) 14, p. 976

3) BERSKMBHER: EEERE cOsA (1969)
[ 3 EFbH]

4) BAZE—, MEEX: HBHEBEITET (1965)

[EE=]

— 301 —



