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USING TWO STACKERS ON ONE RAIL IN A PRODUCTION

SYSTEM

This paper deals with the possihilities for using oo saackers for inferoperation Fansport in a workshop with o echaslogical kayour of
workplaces Basic layouts of stacker prodiction ey are disowsed Several strategies for selecting and ordering ranspory demands in
systemis with mwo stackers on one rail have been sinuidated and evaluared FTFD straregies are the worss in vwariows layouts of workplaces On
the other hand, the stnoregy of the choice of the proximate ranspors demand i simple and very successfl. Good rechnological layowr cam

enfance marsport performance
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1. Introduction

The mapid progress of clkectronics, computer science and
communication enablks cconomic automation of production
processes not only in large series production such as in the
automotive industry, bat also in pisce and low series production,
where the technological organization of production doss not
allow the use of comveyorbels The material flow in such
production systems is controlled by routings. Transport systems in
such production centres should mest two main demands
+  Transfer of material andfor pallets among workplaces and

material and tools preparation room;

+  Biocking of palkets waiting for operations.

The paper [1] describes an overview of the means of
transport.

Therz are two main automatic transport systems:

+  Inductive controlled carts or trains
+  Btackers with high racks

The main advantage of inductive carts is that they do not need
larpe structural changes in a workshop, as they do not need rails or
barriers for movement of persons in the workshop. The chanpes
in the workshop layout are relatively simple. A breakdown of one
cart does not affect production.

The disadvantape of inductive caris is a low inter store
capacity

Stackers unforiunately divide a production center into two
hakves, and high racks nesd o be built; but the transport system
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fulfils not only transport demands bt also serves as a midde
operation store. Chanpes in the workshop layout are very difficult,
perhaps impossible. The brakdown of a stacker could create big
problems in production.

The combination of a stacker storing system and a storage
conveyor is mentioned in [2]. The conveyor could be altersd by
inductive controlled carts or rail guided vehicles.

1. Basic lavouts of stacker production systems

One stacker, racks and workplaces on both sides

‘Workplaces in the production centre are situated on both
sides of the racks. A stacker works in the aisle between the racks
(Fig. 1).
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Fig 1 One sacter, racts and work places on bt sides
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I the capacity of the stacker is not sofficient, the prodoction
system can be divided into two centres (each with one stacker],
or the stacker must be doubled It is possible to doubles stackers
in three ways:

+  Adding one middle rack and using two stackers, each in its
own aiske.

+ Enlarging the aisle, adding another rail near the former one
and using stackers with asymmetric working forks.

+ Adding another stacker on the same rail as the former one.
These solutions have many advantapes and disadvantages.
Two stackers, racks on both sides with a middle rack, two

aishes with one rail and workplaces on both sides of racks

This solution (Fig. 2) is very simpk and rapidly increases
the capacity both of transport and of storage. If the layoat
of workplaces on both sides of the racks is desipned well
(replaceable workplaces always on one side, and the capacity of
racks is satisfactory), the capacity can dowble. The difficulties
with the breakdown of one stacker remain (at keast one side of the
centre must wait], but they are lowened.
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Fig 2 Two sackers, ks on boeh sides, @ midolle mck, rwo aishes with
one il and workplaces on bodk sides af rcks

Two stackers, a wider aisle, two rails close together

and workplaces on both sides of racks

This solution for a Storage/Retrieval system (Fig. 3) was
published in |3] with methods for how to coordinate these two
stackers to prevent collisions. Stackers must pass by at different
heights, cannot operate with forks on the same kength positions
and nearby. The shift out of the fork muost reach both racks
asymmetrically. The control algorithm is difficult. becanse the
control systems of both stackers ar not independent. The risk
of collision by faulty sensors cannot be eliminated. On the other
hand, if one stacker breaks down, the other could continue to
work, whik the first one waits in a parking position for service.

Fig 3 Two suackers, @ wider aisle, o mils cose opether
and work piaces an book sidex of ks

Two stackers on one rail, one aiske, two racks

and workplaces on both sides

The solation is shown in Fig. 4. Them is a minimum safety
distance between stackers. A stacker in a parking position does
not infleence the other. If one stacker breaks down, the other
one can continue to work, while the first one waits in a parking
position for service. The controd systems of both stackers
are independent, there are only simple sensors detecting the
minimum distance betwesn stackers and changing the velocity in
SMmENgEncy 1o mMicTo move.
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Feg  Two sigckers on ane mail one aivke, o moks and work ploces on

3. Optimization of the system with two stackers
on one rail

The most important question to be answered for optimization
is the optimization criterion. Transport demands (start and end
of each transport) are fixed. Losses are motions betwesn the
momentary position of the stacker and any start of transport
The criierion can then be the sum of the motion of the empty
stackers or the total time of the execution of all given transport
(make span).

There are three kevels of optimization:

1. Layout of the workplaces, so that eg workplaces from the
beginning of the routing are on the kit side, from the end

B e COMMUNICATIONS 172017

WOLUME 19



are on the right side and workplaces more used at different

positions in the routing (checking and measuring) are in

the middle. Thus transport demands for long distances are
reduced.

2. When searching for a free place in the racks, use of the
“nearest place first™ strategy (near can mean near to the
input of a pallet in the transport system or near to the next
workplace ).

1. Fora given set of demands, find an optimal order of demands
for both stackers.

The first kevel should be impkmented during the workshop
layout proposal stage, and this proposal can be changed only with
great difficalty.

The second kevel is simple to implement when generating a
new transport demand after the signal *store in”. Some problems
could occur in the strategy “near to next workplace™, when thens
ame more possible (changeable ) workplaces in the roating and they
ame placed far from each other.

The third bevel is the topic of this paper.

4. Oplimization possibilities

As mentioned in [4]. the optimal order of transport demands
for one stacker is a NP problem. It is possible to find a solation
by “brute force™ only for a small number of demands (say 10 On
the other hand, the “nearest demand first™ algorithm is simple and
the more demands it sobves, the better are the results obtained

This paper deals with “ad hoc” optimization strategies
Better methods for simalation optimization are discussed in [5].
Unfortunately, these methods am very sophisticated and time
consuming and also need accurate production data.

The goal of the msearch was to prove that two stackers with
a simple strategy could better sobve both the increase of transport
capacity and the mliability of the production system.

5. Optimization experiments

If both stackers are free, one of them is chosen randomly. If a
stacker is frez, 2 demand which doee not have a planned collision
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Fig. 5 Simuiaion progra
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with the position of the other or with a movement of the other

one is chosen.

Five ad hoc algorithms were tested (5 sirategies )

L. FIF(: First demand fulfilling above mentioned condition is

chosen.

PROM: The proximate demand fulfilling above mentioned

condition is chosen.

1. BEST LEFT OR RIGHT: For the kft stacker the most keft
ending demand is chosen, and for the right stacker the most
right one.

4. COMB: Combination of NEAR and BEST LEFT OR
RIGHT.

5. PROX and PAIRS: If both stackers are free, the pair with the
sum of prowimate starts is chosen.

The solution with only one stacker (the other one waits in the
parking position in the state of breakdown) and the solation with
both stackers were iested for cach straiegy.

One series of demands was tested with regular distribation of
probability (every start and end position of any demand has the
same probability, and neither optimization of workplace layout
nor “neared” strategy by finding a free place is used). The second
series of demands regards layout and “near free place™ stralegy
through shortening of lengths of 2/3 of demands to 50%.

The number of demands varies from 2 to 20,

Experiments were very time demanding. Paralkzl computers
have to be wsed Each attempt is repeated 50 times. More
repetitions did not generate more accuraie resulis. Thus 5 700
lines of results were obtained and transformed into graphs

The program testing of the results from all the cases
above was done with the animation of stacker motions and the
possibility to acoelerate or slow down the animation. The layout
of the test program is shown in Fig. 5.

[

6. Resolts and discussion

Rezsulis of simulation are shown in Figs. 6 and 7.

Strategies “BEST LEFT OR RIGHT and *COMB™ are
much better than FIFO, but not as pood as the strategy “NEAR™.
“PROX and PAIRS™ is also betier than “PROX™ bat not much. For
better clarity, they are not shown in Figs. 6 and 7.

Figure 6 shows the regular distribation of probability for all
generated starts and ends of transiers. The blue line (1-0) shows
strategy “FIFO™ with only one stacker, the red line (1-1) shows
stratepy “MEART, the gren line (2-1) shows strategy “FIFOD™ for
two stackers and the violt line (2-2) shows strategy “NEAR™ for
two stackers.

‘While one stacker with the FIFO stratepy has fast, constant
results (variations are only cansed by the number of repetitions
in the simulation), two stackers have better results (shorer
manipalation times) for more demands. With this strategy, there

is in practice no difference between two stackers with “FIFO™ and
one stacker with "NEAR™.

Figare 7 shows transfers with regolar distribution of
probability for all generated starts and with shorter kengths of
transport. The mode]l on Fip 7 should better cover the situation
when the layout of the workplaces and the strategy of ssarching
for free places in the racks are optimized. In this case the “NEAR™
strategy is by far the best of all the stralegies.
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Fig 0 Average time of one transpos with repular diseibugion af Sutes
and ends af any

Fig. 7 Average time of ome ranzport with repuiar diseriburion
of sidres of any wansport and shorsened fengefs of amsporey

7. Conclusion

Though this paper describes only some ad hoc optimization
algorithms, the resulis can be uwsed in the desipn of new
manufacturing systems for piece and b series production
Further research could focus on building optimal couples and
using methods of simulation optimization [5], bat sophisticated
algorithms nesd accurate data and minimum disturbances in the
real workshop, which cannot be puarantesd.
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