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Automation Techniques of Coke Oven Moving Machines
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In a coke oven plant, four associated moving machines are used for coal charging, coke pushing, coke guiding and
transportation. Except quenching cars, which are easy for automation, pusher cars, coal charging cars and coke guide
cars had been driven by boarded operators respectively. Since 1994, Kawasaki Steel has been tried to realize the automatic
no-man operation of the moving cars, including the pusher car that was considered to he difficult, at Chiba Works No. 6
and No. 7 coke oven plants, Consideration to the oven bodies deteriorated through the respective usage of 19 and 26
years, and preventive function to manual interruption during the detected light fault of equipment, are the key issues to
achieve this goal in order to modify and improve the existing equipment. For automation techniques of the moving cars
developed at Chiba Works No. 6 and No. 7 coke oven plants, the feature of the automation system and the current oper-
ating condition are described in this paper.
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No. 6 coke oven

PC  : Pushercar

CC :Charging car

GC  : Guide car

DQC : Dry quenching car

WQC: Wet quenching car

CDQ : Coke dry quenching
plant

WOQT: Wet quenching tower

® Unmanned machines

© Manned machines (stand-by machines)  wqT

Fig. 1 The outline of equipments at Chiba Works No. 6 and No.
7-coke oven plant
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Table 1 Manned/automatic transition of moving machines at

No. 6 and No. 7 coke oven plants

T No.6

No. 7 Stg;ld‘by

coke oven coke oven machines
Pusher = g
car = fy » + »
Charging g 7 T
car % » % » x D %
Guide B o )
car - ~ » »
Quenching i e

: Autematic

Previous > Current
& (unmanned)

system system

% Manned

Table 2 Examples of manual intervention

Moving Manual intervention required for the potential
car following incidents

Failure of pulling out a door from a battery
Failure of crossing a rocking bar to the bracket
Failure of making a leveling hole opened

Failure of pulling out the lid from a charging hole

Pusher car

Chz‘l:;g[{-mg because of the sealing liquid hardening
Misdetection of the timing of the lid pulled out
Failure of pulling out a door from a battery

.- Failure of crossing a rocking bar to the bracket

(Guide car . R " .
Misdetection of the position of the guideway

marching foward
Quenching Misdetection of the timing of the gate closed
car after the gate is opened and closed
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P/C: Process computer
DCE: Distributed control system
PLC: Programimable logic controller
IR Induclive radio control system
Fig. 2 System configuration of the automatic control for moving machines
<Pusher car?

Position detection
Drriving control
Door open/close
Coke pushing
Coal leveling
Daor cleaning

{Guide car>

Positien detection

Driving coentrol

Door open/close

Coke guideway setting

Door cleaning

Sale guard functivn for
electricity failure

Leveling doer cleaning
Safe guard function for
electricity faiture

\ {Central control system? /

Operator interface

Coke pushing scheduling

Ground plant {CDQ, WQT, Standpipe)} conirol

Interlock between moving machines

Selection of auxiliary equipment of each moving machines

\ <{Quenching car?

Position detection
Driving control
Jog control during coke
recelving
Sale guard function for
electricily (ajlure

Alarm indication

{Charging car> /

Position detection

}riving control

Coal receiving/charping

Charging hole lid open/close

Safe guard function for
electricily lailure

Fig. 3 Functional workshare of the automatic control system
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Table 3 Required accuracy for position control of moving

machines
) Required accuracy Result
Pusher car *5mm +4mm
Charging car +10 mm +4imm
Guide car + 10 mm *4 mm
Quenching car +200 mm +120 mm
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Antenna for position detecting
Antenna for data receiving
Anlenna for data
transmitting
Direction of the
cars motion

Inductive radio control system o

(absolute address type) IR cable of
E 0 m in le
Independernt CPU about 400 m in length

for driving control

Rotary enceder Driving motor

Diving motor

Fig. 4 System configuration of position detection and driving
control
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Table 4 Newly introduced function for automatic operation

Maoving car Newiy introduced funetion
Retry function
Simplified operation function for the auxiliary

equipment

Pusher car

Retry function

Coal charging speed automatic control function

Simplified operation function for the auxiliary
equipment

Changing car

Retry function

Simplified operation function for the auxiliary
equipment

Quenching car | Retry function

Guide car

Table 5  Automatic operation ratio of coke oven plant

Average during 3 months (1999 Jan. ~Mar)

No. & No. 7

Pusher car 980 98.4
Charging car 98.9 99.7
Guide car 98.1 97.9
Quenching car 98.2 100.0

Automatic operation ratio (%)
_ Automatic success oven number
Antomatic trisl oven number

x 100

(CUGE A G A ST & B, MA(LL A2y, b EOA N — %
Axhi g b & F TITEN A WL B iHTOSh b 5, ZDES &
foihs & W BE4 B 72 sh FEEhAERE 2 e IR A e L,
4 RO EE ey T A I EIILD, BRI
B RO B RO VIR E TE S — 7 v 2 T 2 4 B 480EA
Jarr i

5 IEEHEBRR

TR 6 7 2 — &7 AR IO MEHS M TR 20T, 1954
LG R LA UE S ML o SRR R R ER T E211)E 11T
&R G FO T EHANL, BES 27 L0 AL RTE
AT 2B 2 e, 03— 2 AWONRRMERHREFL
AL, SGETRLS L G 2 2 B0 A EOLEITRET X
Hi,

e & I AT A 27— 7 Rkl A L 41995 §
Iz, stepl LT o6 2—2 B A AL 22, FOE,
step2 & LT 1996 11 3 I 12325, 4 FUzA 4 Fli2y4 A
LA b WS & x ol 2 ZBL T stepd 2L
T 1998 o AfL & kL 2o,

Fig. 5128 Afb~ oIl 124, Table 5 (ZEGLO 7% FEEE D
BBl € & v, M SR LTI D HOREE AR L D 2 A 5
EFEO N e T — 2 2 & JERT 5 Ay FOMIE 2 & RS
PREYTE A 10Tl T8 2 29 RO L ARLT 5 T & R ER
BIEAEIZLDMALEER L,

6 ¥ B
NGB T 4R 6+ 7 7 — 7 A0 O FB WA L

VBT, FELTY AT AWML TRIT LA A R
F 2t e | R T L ER A R L B & RS

— 80— I RS BE Vol 31 No. 4 1999



256 O — & 2 FEEIMEREC 1D (b o

1994 1995 1996 1998
wlihe 1 [2]3]a7s[6]7 8] sw]ufiz|1]2]3 2

o
=4
-
o
0w
—_
34

Basic planning

Operation design

Control equipment making s R el
On-site construction B %
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Test run E ‘ m E
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Fig. 5 Actual work schedule of automation system at No. 6 and No.7 coke oven plants
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