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Synopsis :

The gage accuracy of strip coil in cold tandem mills has undergone much improvement
with the evolution of control techniques. In the conventional analog speed control
systems, however, rolling speed (specially at low-speed threading) at each stand was
unable to be controlled accurately and cooperatively because of nonlinearity, thermal
drift, etc., of transistor operated amplifiers. These phenomenon had harmful effects on
gage control in coil threading and tailing-out, and/or accelerating of decelerating of
rolling speed. Therefore, the all digital thyristor Leonard and the all digital speed
master control system have been employed at Mizushima's 5-stand tandem cold mill.
The new speed control system has produced remarkable results in gage control and

improvement in productivity.
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All Digital Speed Control System in Cold Tandem Mills

Katsuhiko Doi, Hihumi Tsukuda, Kazuaki Yamamoto, Kouichi Ishii, Takaharu Eto, Tomioc Komatsu
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Synopsis:

The gage accuracy of strip coil in cold tandem mills has under-
gone much improvemént with the evolution of control techniques.

In the conventional analog speed control systems, however, roil-
ing speed (specially at low-speed threading)} at each stand was
unable to be controlled accurately and cooperatively because of
nonlinearity, thermal drift, etc., of transistor operated amplifiers.
These phenomenon had harmful effects on gage control in coil
threading and tailing-out, and/or accelerating of decelerating of
rolling speed. Therefore, the all digital thyristor Leonard and the
all digital speed master control system have been employed at
Mizushima’s 5-stand tandem cold mifl.

The new speed control system has produced remarkable results
in gage contrel and improvement in productivity.
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Table 1

Nol POR

N02 ‘3"][)

Specification of tandem mill

No2 POR | Nol STD 7N93 STD | No4 STD No5 8T ! TH
Mill type - - 4Hi 4Hi 4Hi 4H; 8Hi e
"Mator power 400kW > 2 (400KW X2 | 950 kW X2 k2] 1350kW K2x2| 1350kW x2xZ | 13506Wx2x2 | 1 350kW X 22, 475kW » 372
Motor drive - T Twin (‘]TIW \Mechanlca] tie) i -
“Motor RPM(rpm) | 200/870 200/870 175/525  200/580 225/585 225,585 200/580 160/522
Gear ratio 1/3.34 1/3.34 1. 643 L 171405 11138 | 130401 2smA | 1ea
Cantrol ACR ACR ASR_ | ASH 7 ASR TASR | ASR ACR
) 6mmn0;6mmm0 6101 730 6101730 4201730 .
Roll size (mm) - - ! 5301730 : -
1520x1730i1520x1730 {1520X1730 | 152021730 | 1350173 |
.‘;:ew down s R ____ S ‘ Hydz'a_u.lic - . V 7] . 77_77 o
Slr]p thLkn955(mm) j.8-6.0 E—— 0.15+3.2
Strip width (mm) 600-- 1600 T
Coil weight (u’) Max. 50
I ine spee;d mem) o 1 800 i ) -
E525,
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Ty, SHECBTERER L 2B EETIZL 5%
VI bEIEST,

WERIZ, NoOBRF A FEERy PRI A FEL,BHR5
FicH 7o 7mi—=FT - T 2HT 2,

3. #ROT7FOSHEROMESR

Fig. 2 o7+ 7y aERIEAD 7 o v 7HE R, fEk,
ANZELAFT—FRIE, FELTEE, EHoEr»E, o
AMHENZEPLTFaZEATH-2. L, THor
FHAE, P S MM EAL T,

(1} THerGFOREIL, BRINTE100% 8 L2k &120.1
HPRETH 2

(2) EEMBGL LTEERERFERL TV 320, #ER
WREEI20 1%~ 0. 5% A T, HRic L spr 3 IR, math
2k B I ENMBR S,

(3) FRAMOY, THEMEROBGRES LTE, 0.7%
(L00%GERICH L T) o@ELL D, JhEIBImEE (5%%
) L TIRUBLOBREL LD, BREEESE-FHL
e Tz,

) THoZESREREE), BEICLIFY T, EBOR
FARC L ZBENRETLIOT RV AL TE L LHRT 2
PrilE, T~10HDEREY v FioZ i@y Ko g
VET, JHEIRTFREOKELABTH T,

EERSET 4« P NAL) T L —ROBEANLHEL T, F
WHEENTH B,
(1) EEHEICETRIE, T~T-8BLTTs oMb E L,
I RERTEL LU, 2, Toar, EETR
Wi, A4 Y2PLFdF—FREOT L IAELE, BOBOD
Ny —DNF s PN EFREEEFRTT o 7 RITRELY
wWhREL,

Y

{2

T4y P — P,

BFHE— S WHoA L L,

—F, V7 b ELICTRERZIR 0 BAIL L, SEE LB
eI, 7)o R TELSERETALEIICE
E L7

i, BEEO® — FHIERD 2,

AL iy N T f )

THAELE, AR EL—FIIRMSET BEIRTAR
CRAMRB I ICEERYNRZL L, FERELLDILTH L, 12
IR #fif, o— kx5 27V
BEBERNL Y 7 FaAEHAR, T7)r—av77 M3k
o BRI PLC TR T2 L3 L,

TP F Nt FEORESREDL, YT 7T TR

2L, UTEE L ATWEE PR,

(3)

I, B, ~—F7 T Ty
4 — b Lo, BN, ERE

THRLAL, B, &%
To7tvatkliz, £,

IEEES, N F 72 TRIBEL, CPUNREIZORIETE D
FAlERL,
(4) HHWMUBE, TN EENHRN X -4k bDT,

W) e FERIOE G Lo, RINESIEA RV Lo, B R
BEMENS L& BIRL /2,

M BLEk iR Vol 15 No. | {983



39 WS A L S L LRI S
B/C
&
ST ST
ATGC
APC i SMC
[ | a—— r7 | |r7 | II" - rfl‘_“ r'I-‘T
v [ 1 ' Yo . - 1
- St ! v + GACR: Digital ASR [ (ACR)
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Nol std No2 std Nod std Nod sed | Mo std
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L1 1
SMC : Speed master controller
Soft ASR : Aytomatic speed regulator
ACR ! Automatic current regulator
| S 1 APC ! Automatic position controller
! 1Hard P/C : Process computer
Lo---- 4 5T . {Dataway) Station
ATGC  Advanced tension and gage control
EMR : Intermidiate roll
S5/G : Side guide
H . Hydraw screw -down
M . DC motor
POR : Pay off reel
TR : Tension reel
Fig. 1 System configuration of cold tandem mill
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Fig. 3 o EHd fE REEH £ 01, EHOERAD — MRS,
EEERMBEPLC £ 7 ¢ P2 LA F— FEP 6L,

G R REEEE (SMO) i3, #%2X5% > F®HSSRH, MRH &

P.5.

. Power source
ACRR | Automatic current
rate regulator
APPS [ Automatic pulse
phase shift device

DCM : DC motor

TG : Tachemeter generator

vef. [ reference

ACCT : AC current transformer

Fig. 2 Bleck diagram of conventional analog speed control system
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A R N AT
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-+ -

Dynamic droop Stand load I Tension ref. ] ! Coil dia. ]I

preset on timing

[
l Tension ref.

b .
Farcing I l Forcing ] [ ATR I
‘ [ Impact comp.J i ’
! PLG ¢ .
L1 — U S
t— pPs/C L P/C
t : Strip gage

P/C Process computer

ADL All digital leonard

comp . Compensation

ATR: Automatictension regulator

Fig.3 Schematic diagram of all digital speed control system
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Thyristor [ eonard system

Thyristor converter

3¢ AC A A - DEM
. ! 1
T J‘—K ! PI.G
a | o
1 1
- :
O - Ry Y
- i 1
. Lo = .| |
| con-apps | [ Nv-arps |
fSynchronizing circuit Current Sensor T W\ f
‘ @ V ) S N B == ——n R
| Same Gate pulse[generator CNT - peblnsor |
i ] as left R 1
’ Tim | [ INT an| oL GPG | [ swpress | [ a0 ]| [[eTL |
— e |
. 1 11 ~ 8086
| R Z ¢ i i D BUS| |
l | TYP INF | | CPU —| IC Mem. LCORE Mem. I I SEQ 1/O | | RI/ O I '
I . S e
Typuter SMC
TIM :Timer A/D ‘Analog to digital converter TYP INF : Typuter interface
INT Interrupt CON :Converter CPU :Central processing unit
CNT :Counter INV :[Inverter SEQ I/0 [ Sequence input output
CTL :Control GPG :Gate pulse generator RI/O :Remote input output
P.3. Power sourse  A/(3 IAnalog out D BUS : Data bus
Mem. -Memory PLG Pulse generator
Fig. 4 Constitution of all digital Leonard hard wear
AC 3¢
0
—- _ _ . —_— —_— .
\ Ll DCM
| Current FB > |
] . L]
! [ : @_G
| ACR IACRR] 7l|/—— 2 APPS—
} | g FWD
) Speed ref. RV3 2 limiter | w
' =
| l | ] Gain o — APPS
i__ _i coemp. B N ——— } J_ﬂ I RVS
- ! L Antipara .
Speed ’ SCR selector
master 'SPDT logic |
controller X
Voltage FRB J
i Speed FB i
LAII digital Leonard J
RI/{): Remote tnput ouiput SPDT © Speed detector
ASR ! Automatic speed regulator ref, . reference
ACR : Automatic current regulater FB : Feedhack
ACRR ! Automatic current rate regulator
ATPPS ! Automatic pulse phase shift divice
Fig. 5 Block diagram of all digital lL.eonard
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Tabhle 2 Controller specification

{a}  All digital Leonard

_ Quantity 5 sets -
Core i B kW
CPU memory \C : RU“ 6](\'\
. [ S TR L R
ASR : : Max 2(] 1ad,\
Response R R —-
ACR ] Max l(](] rad: 5
ASR i 10 ms
Sampling time — T - -
BT Y R N
Speed detector ; PL.G 2400 pulsesrev
CPL spec. i 16 bit 2 CPU(B 086)
(b) Speed master controller
= . —— oo -
) Core | 32 kW
CPLU memory -
Ic | 1 kw
Sﬁmplmg time 20 ms
33 ms

(n-line memory of control

data for 2 cycles

—d b
Data memory

{3ms pitch) Past

]

CPU

Present

Failure-happening

Check of reappearance
of data for 2 cycles

in the past

‘ Classified failure-cause ]

|
I D D R A

cru DAPTS P/l SCH Power oth
A , s t
Failure Failure Failure Faiiure ‘;::ll;f'z ers

Fig. 6 Diagram of failure detection and diagnesis operation

Table 3 Effect of all digital speed control system

Conventional system | All digital system
Speed contrel responce ., 310 rad/s 7 radis
Current contral responce . .

40 rad/s 65 rad/s
(Uc :
- i -

Precision | ar 106% spPPd +0.3% £0.014%,
of speed e —
detector at l“o speed +0. 3% +10.0088%
Precisi_un of total speed 0 7% : - 0.02%
regulation
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filth o
%
w
B G
z
=
E 40
@
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0 : ! 1
Conventional All digital
system system

Fig. 7 Effect of DDC on threading

i BesHE 4 Vol 15 No. | 1983



43 WY AN ET ¢ Y AR

20%
l Viad Via
- 20%
R B —— s
Vea/ Vre
i [ : \ P N
Vaa/ Vra
- 20%
Vra/ Vi
20%
Mo YWY _—Aﬁ'v
VRS 800 VR5
tmpm) 600 | (mom 930
400 575 )/’
)y 174 /f
- g
Conventional system
All digital system
Viy I No. i STD rolling speed {{=1~5)}
Fig. 8 Effect of DDC on speed-matching
Strip 1 2.8/0.7-0.8X1 500mm L
ki1l e oDigital speed detector
)
— 0.10 eAnalog speed detecter
: ’ ® . Mass flow gage |
=] N
3 O " ;ﬁl‘—f:fl}VRuih
e me mi-1
e L . (14 f:) Vi,
z . Ji  Forward slip at istd
= T hme - Calculated thickness at ¢ std
= 75 fxs - Measured thickness by l
- or = 0.05 . X-ray at outlet of 5 std
g g °
R [
pa - = L
. v .
e £=18.9s ) - . °l.
§Te §=2.2 z .
= .
A A
10 L 1 é 0 & o EEC
Conventional All digital o i
system system - {
2 L
|
Fig. 4 Effect of DDC on acceleration o
-0.05 . :
u 100 200

. = . No.l std rolling speed (mpm)
B8 AXFFLATY—

Fig. 10 Comparision of digital and analog speed detector

FATENMEICEN, FERT~OABARLI S ICEBL Ty

1EVERO SR, AL EOEEFE (R R LS, SIRIEANRRDATH Y, BIRIRREO T WEET b - 7227,
Frz, AN AS LA F - FOMERSRE LS, R 74 PRI ERERT O B ERBEO T - Dt -

JIS R ERF IR Vol |5 No. | 1983 - 43 —



WP » F A 2T eT 28 RIS 44

0 Conventional control

E * All digital control
=
i 5.0F ©
= 9]
@
- [s]
=
g 4.0 g4 g8 5 o0
c X=3 36m o & @ %8 o
B R« a8/ .
= * o & o0 et H o
230 N S T
2 - o 2 8 cgj
- X=1.96m oq © ; o
L]

L 4
_E“ 2ok o . Sﬁ.’i”_ LS T
) .

. . : . L]

1.0 1 L . 1 s L4 " I
0.5 1.0 1.5

Final gage {mm)

Fig.11 Off-gage length by ATGC
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10s All digital ATR

Conventional ATR

Fig.12 An example of tension reel tension control
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