JFE TECHNICAL REPORT
No. 30 (Sep. 2023)

New Scheduling Algorithm for Shipping Operation in
Steel Works

TOMIYAMA Shinji

Ab tlact:

L. Jree, w"f‘ ﬂ’j’ el ae ea re y aied I
ef maa r.e £, € Uy gl €€ eﬁ crar,eé, e_ree
j [] r,,,Jaycae.Terferat[r,,f]z
ac [,e affest eas_ rt_e dr t e [ryatre,,
Mmooy ho ho o 7";‘
KG "'5#4”3 "Wl [nate, . We a e eer a fw

‘eugagr [f,.mf l#rgr?eat[r "f"_e’ﬂ/r-

”e 801t o T l"rﬂ Se, ef twe ar, te? oS tar,

e/]n[e t s j Leé aD, aah[f e 52’;’[ e platie 1, e.
,, 716 f[ t te » 5;l r,g}f jaea [g,; 10 e ol
Fuog n aecéate Y, [;L,gte,_e Vi g 0

A

4
v

r S [

o, a‘.,'l t'e e w’r"l ra, rf'maa [.es [s?'é eve I? ie
! h h
l,ezéte?fer era, rfazl,,gtf erfr a”i ezr

[e a &fea[e aeae[,eer Te .G Y-

mr I /[ 5!;«.‘ ¥

[v,gavgr n‘mwa a [ef" te att[cav,ataa fze
~l »v‘

wv e aZ[r fe eyt,m te [v d

a, ¢ ?e j g, o ¢ g fer/

hold‘ rea

Fig. 1 Outline of shipping operation in steel works
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pallets, on which plural products can be loaded and
received by a warehouse crane. A warehouse holds the
received products for some days until instructions for
product shipping are issued. When the product ship-
ping time approaches, a warehouse crane moves the
products to be shipped from the stockyard to a tempo-
rary product holding area. The products in the tempo-
rary holding area are carried to berths by forklifts, or if
the berth is located far from the warehouse, the prod-
ucts are delivered by a vehicle. A quay crane picks up
the products which have arrived at the berth and loads
them into a ship.

One product is moved from the factory to the ship
by using the above-mentioned machines, as required.
Although machines of the same type can deal with dif-
ferent products in parallel, these characteristics of the
shipping operation are likely to cause an overload in
machine operation. For example, if one warehouse
building contains many shipped products which are
planned to be loaded by plural quay cranes during the
same period, the required workload of the warehouse
cranes is likely to exceed their capacity temporarily.
Finally, this overload situation leads to a long waiting
time for the quay cranes. This research aims to decrease
overload, and evaluates the total efficiency of shipping
based on the waiting time.

This paper focuses on a schedule for a warehouse
building with plural cranes, which results in a quite
complicated scheduling problem. Good schedules for
the problem must distribute the workload to the cranes
in the warehouse building and level the workload of
the other machines simultaneously under various con-
straints.

3. Scheduling Model

In this research, a simplified model of the shipping
operation was created because a precise model would
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* Receiving product o by warehouse crane [J1]

e Moving product ¢ to temporary holding area by
crane [J1]

Delivering product o to berth by forklift [J4]
 Loading product « into ship by quay crane [J2]

These four items should be processed in order from
top to bottom, and conflicting time is not allowed.
Therefore, these jobs are assigned to the schedule satis-
fying the finish-start constraints. Because the ware-
houses, temporary holding areas, and berths have
respective capacity restrictions, early entry of products
into an area is sometimes prohibited. Figure 3 illus-
trates the lower three of the four items and the relation-
ship to the product positions. The shipped product is
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of warehouse cranes because the interference of ware-
house cranes produces the complex constraints of the
problem. Furthermore, the delay of one crane is likely
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