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Synopsis :

Automatic coil transportation system from the packing line in the cold rolling plant to
loading a ship through the warehouse was developed in August 1992 at Mizushima
Works of Kawasaki Steel. Simultaneous operations of coil transportation, crane
handling in the warehouse and coil shipment became possible. In this system, new
equipment for loading a coil to ship has been developed, where vehicles substitute the
function of the crane in terms of traveling and lifting motions. Also it can adjust the coil
setting position in 3 choices of loading: inside or outside of ship, or even at a shelter,
depending on the height of tide and weather condition. Introducing this system has
improved capacity of the warehouse and shipment about 1.5 to 2.0 times larger than

before this operation.
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1 Introduction

Material-flow rationalization in and out of the steel
mill has been executed in the order of (1) improvement
in the hoisting accessories of the crane, (2} rationaliza-
tion of operation inside the warchouse including infor-
mation processing, (3} increased cfficiency of trans-
portation in the steel mill yard by the carrier pallet and
(4) substantial improvement in cfficiency of transporta-
tion between the steel mill and distribution center, and
together with the expansion of objects in the rationaliza-
tion scope, more advanced automation and unmanned
operation have been carried out.

Recently, in the cold-rolled strip coil material-flow at
Mizushima Works, we have been able to realize the
world-first continuous automatic transportation system
from coil package line (CPL) to inside-of-ship, which
has included the rationalization of warehouse operation
and the rationalization of transportation inside the steel-
mill yard and which has contained a new automatic coil
transporter.

This report introduces the design concept of the sys-
temn and the features of its facilities.

* Originally published in Kawasaki Steel Giho, 26(1994)4, 198
202

Synopsis:

Automatic coil transportation system from the packag-
ing line in the cold rolling plant to loading a ship
through the warehouse was developed in August 1992 at
Mizushima Works of Kawasaki Steel. Simultanious oper-
ations of coil transporiation, crane handling in the
warehouse and coil shipment hecame possible. In this
system, new equipment for loading a coil to ship has
heen developed, where vehicles substitute the function of
the crune in terms of fraveling and lifting motions. Also
if can adjust the coil sefting position in 3 choices of
loading: inside or outside of ship, or even at a shelter,
depending on the height of tide and weather condition.
Introducing this system has improved capacity of the
warehouse and shipment about 1.5 to 2.0 times larger
than before this operation.

2 Problems of Existing Facilities

Between the cold-rolling mill and the cold-coil ware-
house of Mizushima Works, which started working 1n
1870, it was possibie to carry out continuous transporta-
tion of coil products by a vehicle as shown in Fig. 1.
However, since there was only a single vehicle, and the
receiving capacity of the warghouse was low, the trans-
portation capacity of the vehicle dropped, and as shown
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in Fig. 2, the average vehicle transportation ratio was
64%, and the remaining 36% depended on trailer trans-
portation, thereby constituting one of the reasons for
raising the physical distribution cost.

Further, between the cold-coil warehouse and the all
weather berth, continuous transportation of the preduct
coils was possible by a vehicle. However, owing to the
low capacity of receiving and delivery of the warehouse,
and the capacity imbalance between the warehouse and
the berth due to such low capacity of the warechouse, the
transportation capacity of the vehicle dropped, and the
transportation ratio by the vehicle accounted for only
62%.

In order to solve these problems of the existing facili-
tics, 1t 1s important to improve the receiving and delivery
capacitics of the cold-coil warehouse and to improve the
shipping ability of the all weather berth.

3 Examination of Function Composition

3.1 Measures for Improving Capacity of
Warehouse Crane

In order 1o improve the receiving and delivery capac-
itics of the warchouse crane, the following three are con-
sidered, namely, (1) an increase in the number of coils
hoisted by the crane per one time of hoisting, (2) short-
ening of crane cycle time and (3) improvement in the
operability rate of the crane.

However, the increasc in the number of coils hoisted
by the crane of item (1) will obstruct the operability of
CPL, and the shortening of the crane cycle of item (2)
also is not to be adopted, owing to the limit of motor
ability and the accuracy of the stopping position. There-
fore, we have cxamined how to improve the operation
rate of the cranc.

The causcs which are lowering the operation rate of
the crane are (1) the waiting time due to mutual interfer-
ence hetween the plural pumber of cranes and (2) the
waiting time due to the imbalance between operation
loads of the plural number of crancs.
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3.1.1 Mecasures for avoiding mutual
interference"” among plural cranes

As shown in Fig. 1, the conventional cold-coll
warehouse had a tayout of generating mutual interfer-
cnce among cranes, because the number of working
cranes was larger than the number of locations where
cranes could load or unload coils to and from the vehi-
cle (number of operable places). As shown in Fig. 3,
therefore, the number of workable locations was
increased to four, which corresponded to four cranes,
thereby making the number of operable locations larger
than that of operable cranes. As a result, the division of
operation scope of cach crane has become possible,
thereby avoiding mutual interfercnce. Further, for the
layout of vehicle transportation of coils, it was decided
1o connect respective operable locations by a railway
vehicle.

3.1.2 Measures for avoiding imbalance
of loads among plural cranes

As a feature of warehousc operation, it sometimes
occurs that the locations where coils to be delivered are
concentrated due to uncontrollable reasons of the fac-
tory or the warchouse, such as,

(1) Changes in the order of delivery and in the quantity
of delivery due to the customer’s demand,

{2) Fluctuation of the delivery quantity due to the cus-
tomer’s holidays such as the New Year and Golden
Week,

(3) Fluctuation in the delivered quantity by typhoon and
rough weather so on,

In these cases operation loads among cranes become

imbalanced, thereby lowering the entire receiving and

delivery abilities,

In order to cope with this situation, we have decided
to adopt the method of adjusting the load balances of
overatl crancs. Namely, as shown in Fig. 4, we have
adopted the method of avoiding the crane (or zonc), at
which delivering operation is concentrated, and of trans-
porting the received ceils to the crane whose load is
smaller.
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3.2 Improvement of Shipping Crane Capability

In order to improve the ability of the shipping crane,
as in the ability improvement of the warchouse crane,
the following three points are considered, namely, (1) an
increase in the number of coils hoisted by the crane at
one time, (2) improvement in the operation rate of
cranes and {3) shortening of the crane cycle time, How-
ever, the increase in the number of coils 1o be hoisted by
the crane cxccedingly obstructed the operability of the
warchouse, in the same way as the aforementioned case
of receiving coils from the mill; therefore, we examined
items (2) and (3) only mentioned above.

3.2.1 Improvement in crane operation rate

The maximum cause obstructing the improvement
in the crane operation rate is waiting for product deliv-
cry from the warehouse. As a measure for coping with
this situation, we utilized the exchanging time of ships at
the all weather berth, and also we decided to have 40
buffer skids' in order to transport products and to pre-
pare for shipping from the warchouse, thereby com-
pletely solving the cargo-waiting at the ali wcather
berth. As shown in Fig. 5, during the changing time of
the ship after its completion of ship-leading operation,
the products for the next ship were transported from the
warchouse to the buffer skid, and by this method, it was

possible to avoid the waiting for product delivery {rom
the warehouse.

3.2.2 Shortening of cranc cycle time by parallel
operation with automatic coil
transportation {ACT)

To shorten the cycle time, three methods are con-
sidered, namely, (1) improvement in cranc velooity, (2)
shortening of the motion distance and (3) execution of
parallel operations by division of the loading functien,
However, the improvement in the crane speed and short-
ening of the motion distance cannot be expected to pro-
vide the great effcet in the same way as in the case of the
aforementioned warehouse operations; hence only the
execution of the parallel operation was examined.

Major functions of the shipping crane are traversing,
travelling, hoisting and stowage. Here, when the
required time classified by function was analyzed, and
the results, taking “traversing” as “1,” were that the time
ratios were | for travelling, 4.4 for hoisting, and 1.8 for
stowage. Therefore, facilities, having the hoisting func-
tion requiring the most time, were newly installed, but
the remainder would be taken carc of by the conven-
tional crane; namely, a function division method was
applied.

This new facility is so called ACT. In order to give a
hoisting function, the ACT proper was able to put to the
inside of the ship, and further a delivering skid was pro-
vided to have a buffer between the skid and the crane, so
that a system was formed in which each of them will not
be governed by the ability of the other, and both of them
can carry out parallel operations.

As shown in Fig. 6, the operation from the berth to
stowage was carried out by the loading crane in the past;
hence, this operation required 8.2 in total in the above-
mentioned time expression. After the introduction of
ACT, the operation from the berth to delivery was car-
ried out by the loading crane at 5.4, and the operation
from the delivery skid to stowage was carried out by the
cranc at 2.8. Since these operations are carricd out in
parallel, it became possible to shorten the foading oper-
ation to total 5.4 which is the required time by ACT.
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3.3 Crane Operator Guidance System

As for the measures related lo information processing,
the cranc operator guidance system was introduced to
realize the following:

(1) Manual-input load was relieved by an automatic
position detector; computer {racking was carried out
and its accuracy was guaranteed.

{2) A terminal was installed in the cranc operation room
and at every operation unit, the operator inputs oper-
ation results for each operation unit.

Through the above-mentioned preventive operations,
ability improvements were achieved as 1.5 times in the
loading ability and as 2.0 times in warehousing ability,
compared with the pre-operation time of the new sys-
tern. Figure 7 shows the abilitics before and after the
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26

Cold strip mill

—=— |, Handling by vehicle

100%

Warehouse

100%

All weather berth

Fig. 8 Material flow after improvement

improvement, and Fig. 8 shows the material flow afier
improvement.

4 Facility Specifications
Figure 9 shows the layout of the main facilities, and
Table 1 shows the ability particulars of main facilities.
4.1 Transportation from Mill to Warehouse

The rail base of the existing overhead vehicle (4.8 m
above the ground) was extended to the all weather berth,
and receiving at two warchouses was made possible.
Further, since this line was made into double-tracking,
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Table 1 Specifications of main equipment
T Single ) I Lombma[l(m u.hmlr- i Rail ACT
i Lifter - - II : .
vehicle [ r(l\’()rn,lrlg Travelling turner | lifter
. . - : S ,,
T Ma\ \M:lght (1) 20 26 26 26 26
Caoil W idth (oun) 506 ~2 000 500~ 2 000 500~ 2 D00 500~ 2 000 500~2 000 500~ 2 000
(uter diameter (mm) G500 —~2 000 5082 000 S00—~2 000 5002 000 500~ 2 000 300 ~2 000
Speed {m/min} 200 ' 200 40 1 rpm 90
Travelling — : - —
Control Inverter Inverter Inverter Inverter Inverter
Speed {m/min) — - 2.4 — 15
Hoisting — - - -+ - —- -
. ; o Hydraulic - s
o J (,(m‘tml — Im erter . cylinder ! Invertui
Electric supply Cable L,db]e Troliey Trolley Trolle Cable
Numbers of device 2 ; 6 2 1
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Barcod 1
feode reader ® . Single vehicle
~ Y * Coil skid -
cavellng vehiele
(3 < buuble vehicle
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O kil turner —
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Fig.9 Layoul of main equipment

the transportation ability was doubled compared with
the past. This vehicle is mounted with a coil at its center
part, and is assigned to transportation between two
points. Since coil loading and unloading are carried out
by the coil-moving lifter installed at the delivery loca-
tion, the vehicle control logic is simple; hence, there are
merits of shortening the software developing period, a
decrease in anomaly accidents, ctc.

4.2 In-warehouse Transportation and Shifting
between Buildings

This systern consists of parts called the “traversing
vehicle” and “travelling vehicle,” and the coil skid on
the ground, as shown in Fig. 10.

{1) Traversing Vehicle
The traversing vehicle incorporates a V-shaped

No. 33 January 1996

Fig. 10 Sketch of combination of vehicle and coil

skid

hoisting-type coil pedestal, and after it sclf-travels
to the skid and enters it, it carries out loading and
unloading of the coil to and from the skid.

(2) Travelling Vehicle
The travelling vehicle temporarily places a coil on
the skid of itself, and is a vehicle to travel between
skids, while housing the traversing vehicle in itsclf.
Since it mainly travels a long distance of several
tens of meters or above, it has a speed ol max.

200 m/min.

Further, since two vehicles run face-to-face on a sin-
gle lane, atlention was paid to safcty securement such as
collision prevention, and the block control system') was

used.

4.3 Transportation from Berth to Inside of Ship
with ACT

ACT is composed of the receiving skid, lifter, deliver-
ing skid, and the frame part containing these parts, as
shown in Fig. 11.
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4.3.1 Receiving skid

The receiving skid was installed at the center part
of ACT to enable the ride-in by the double vehicle.
Through this set-up, it has become possible to carry out
the parallel operation between the vehicle and ACT by
the skid buffer and the continuous operation by auto-
matic operation between the factory and the inside of the
ship.

4.3.2 Lifter™”

The lifter 1s a facility for hoisting the coil placed on
the receiving skid, and after travelling to the inside of
the ship, it temporarily stocks the coil on the delivering
skid in the ship.

The features of the lifter are as follows:

(1} At the time of descending to the delivering skid, the
lifter 1s made to carry out soft landing control of
0.05 m/s following the vanations in the skid height
and the outside diameter of the coil.

(2) In order to aveid the interfference by the ship-load-
ing crane and double vehicle, a standby point has
been provided in the middle.

4.3.3 Delivering skid

The delivering skid i1s a relaying facility of coil
transportation between the lifter and ship-loading crane.
It can adjust the height in 5 stages according to the tidal
level in full automation by the lifter.

2.3)

4.3.4 Frame part

The above-mentioned parts are supported by the
frame part. The frame part is also capable of 3 stage
position adjustments of the original in-the-ship position,
the outside of the ship position during the high tide, and
the sheltering position during the typhoon.

5 System Configuration
5.1 Hardware Configuration

The present automatic transportation system is con-
trolled, as shown in Fig. 12, hy threc layers of business
computers (B/C), process computer (P/C), and direct
digital controlier (DDC). Further, the part between the
crane terminal and B/C 1s connected by radio control,
which carries out sending and receiving of information,
crane position detection, etc.

ACT is controlled by the sequencer of ACT itself, and
in order to prevent collision and to guarantee tracking,
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) - B/ |Jo—=—clnductive radio
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5 O=0 : Comunication link
Display hoard <) - Display
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0 | ifter of D : Computer
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D : Main equipments
— y Single
R1/0 shicle
Bar cade reader p/C veh DDC © Digital direct control
Lifter of P/C  Process computer
package line B/C : Business computer
Network RI/O . Remote input foutput controller
DEC boe P/C DO
] ] display
Combination Combination
vehicle vehicle ACT.

Fig. 12 Configuration of the automatic coil transportation system
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an interface 15 formed between DDC and B/C.

5.2 Control Room

In order to monitor constantly the working condi-
tion of the above-mentioned (ransportation system from
the viewpoints of operation, facilities, and software, a
control room was installed at a location which can com-
mand the entire views of the warehouse and the berth.
The control room members carry out mainly the follow-
ing dutics:

(1) Facility condition monitoring by P/C and DDC pic-
turc screens,

(2) Monitoring of the facility condition and operation
condition by 6 units of television camera monitors,

{3} Instant coping with action (primary step) at the time
of anomaly occurrence,

{(4) Simplificd daily inspection of facilities,

(5) Intervention into automatic operation by P/C picture
screen, etce.

6 Conclusions

A cold-rolled strip coil automatic transportation sys-
tem has been constructed at the product warchouse of
Mizushima Works. The features are as shown below.

(1) By introducing the automatic vehicle and ACT, a
continuous coil automatic transportation between
the mill and the inside of the ship has been made
possible. Among them, ACT has made possible
three-stage position adjustments according to the

No. 33 January 1996

tidal heights such as the inside of the ship, outside
of the ship and sheltering.

(2} A high-speed. face-to-face-type linear travelling
route, taking into consideration the characteristics of
the product warehouse, has been adopted.

(3) A buffer each has been installed between plural
automatic transportation facilities and between the
facility and the crane, thereby completing systems
which can achieve maximum ability of each facility.

(4) Through the introduction of the crane operator guid-
ance system, the automatic location detection has
hecome possible, thereby guaranteeing the tracking
accuracy.

(5) Simultaneous and parallel operations of crane han-
dling and product transportation at the warehouse
and ship-loading have been made possible, and the
ship-loading ability and the receiving and delivery
ahility of the warchouse have improved to 1.5 to 2.0
times compared with those before the working of
the new system.

The present system officially started its operation in

August 1992 and is continuing satisfactory operation at

present.
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