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Abstract. The methods of constructing plans and schedules for the production of
components and assembly of manufactured products from them on the conveyors
of machine-building enterprises are considered. Work planning can be carried
out both in the production of incoming orders for manufactured products, and in
the production of products taking into account the current demand for it.
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1 Introduction

In recent years, the problems of creating methods for planning and formation of the
schedule of work at industrial enterprises have bigger interest. Such interest is caused
by the fact that successfully constructed plans and work schedules at enterprises can
significantly reduce the time for manufacturing production programs and orders re-
ceived [1].

In this regard, the idea arises to increase the efficiency of industrial enterprises by
building beneficial plans and schedules for them.

Most of the scheduling methods [1-3] developed are designed for scheduling in pro-
duction subdivisions and systems. The use of such methods for constructing work
schedules at machine-building enterprises, which may include several production sub-
division and systems, causes great difficulties. These difficulties are caused by the large
dimension and complexity of scheduling tasks in enterprises.

Formation of plans and work schedules of the enterprise on the basis of the schedules
for the manufacture of components in the divisions of enterprises also causes great
difficulties. Such difficulties are associated with the fact that it is not clear how to
determine the components that should be processed within one time interval in the same
subdivisions of the enterprise. These components can be determined when there is
already a work schedule in the enterprise, but without such a schedule, their choice can
hardly be made.

Therefore, to construct work schedules at industrial enterprises, the development of
special methods is required.



The article deals with the methods of forming coordinated plans and schedules of
enterprises that include several production subdivisions that produce components for
assembling from them on the company's conveyors of manufactured products. For en-
terprises of this type, on the basis of information aggregation methods, it is possible to
create more effective algorithms for building coordinated work plans and schedules for
all production subdivisions of enterprises.

2 Planning and scheduling tasks at enterprises

Let a machine-building enterprise be given, which includes several machining sub-
divisions for the manufacture of components parts, and conveyors for the assembly of
issued products from them.

For any type of issues products, the composition of its details, components and as-
semblies, as well as the sizes of the batch of these products, is known. For any compo-
nents of these products, a manufacturing technology is known, including the sequence
and times of all operations performing for their manufacture on all equipment used for
this.

Assembling of manufactured products can be carried out on one or several conveyors
both from manufactured at the enterprise, and from components purchased on the side.
On each conveyor only “their” products can be assembled. For each conveyor, its per-
formance is known for the production of all types of products assembled on it, the num-
ber of work places during the assembly of any manufactured product, as well as the
time and cost of readjustment the conveyor for the production of all batches of products
which will be assembled on it.

Products are assembled on conveyors, usually in batches, the size of which is limited.
Such restrictions are determined by the production capabilities of enterprises. The fact
is that the manufacture of a large number of components can take considerable time,
lead to large downtime of the conveyor in anticipation of their readiness, and will re-
quire the creation of large warehouses for their storage.

The assembly of any batch of products begins after delivery to each work place of
conveyor of a certain number of sets of components, as a rule, the same number for all
work places of conveyor.

In one of the tasks, it is required to build a work schedule at the enterprise, which
will reduce the lead time for an order for the manufacture of a certain number of prod-
ucts of different types.

In another task, it is required to construct a work schedule at an enterprise that has
one conveyor, on which L types of products are assembled sequentially. When assem-
bling any batch of products, a certain part of it is sent to the warehouse in order to
provide consumers with products of the required type stocked in the warehouse for the
release of other products until its assembly will be resumed.

The volume of output and the value of stocked products should be determined in
such a way that, in accordance with the existing demand for the product, increase profits
from its sale, as well as reduce the cost of its storage and readjustment of the conveyor.



3 Principles of plans and work schedules formation at
enterprises

As already noted above, plans and work schedules to improve the efficiency of the
operation of enterprises should be built for all departments of the enterprise in such a
way that they will be consistent with each other. For these purposes, an approach based
on the use of information aggregation methods was proposed in [1].

The idea of aggregating information consists in forming such groups from the com-
plecting details of the manufactured batch of products, in which each detail of the group
is received for its processing in the same order to the production subdivisions of the
enterprise. At the same time, any detail of the group can be processed in each subdivi-
sion of the enterprise where it is processed, according to its "own" technological route.

Such groups are considered as generalized details, production subdivisions of the
enterprise, as generalized machines, and the task of constructing a work schedule at the
enterprise, as the task of constructing a schedule for processing generalized details on
generalized machines.

To build such a schedule, the processing time of each generalized part on all used
generalized machines, i.e. the processing time of each group of parts in those production
subdivisions of the enterprise where this group is processed.

These times can be determined using both traditional scheduling methods [4] and
evaluation models [1, 5-7]. In Fig. 1 shows an example of a processing schedule for the

i -th group of parts in the /-th production subdivision and 1, indicates the time of this

processing.
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Fig. 2. Gantt chart representing the processing schedule of the 7 -th group of parts in
the [ -th production subdivision.

After determining the values 7, for all groups of component details and subdivi-

sions of the enterprise, the traditional task of the theory of schedules actually arises,
associated with the construction of a schedule for processing generalized parts in a pro-
duction department that includes generalized machines. In [1], such a schedule for man-
ufacturing groups of parts in the enterprise’s subdivisions was called “wireframe”.



Traditional “scheduling methods” [4] can be successfully used for constructing
“wireframe” schedules, since the dimension of tasks during aggregation is significantly
reduced. The "frame" schedule is consistent, i.e. the schedule for the manufacture of
parts at the enterprise level, since the processing order of such groups in the enterprise
divisions is determined using scheduling theory methods. As a rule, several such sched-
ules are built, up to 15 - 25 and the best variant is selected from them. An example of
such a schedule is shown in Fig. 2.
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Fig. 3. A fragment of a “wireframe” schedule for processing groups of parts at the enterprise
level.

This schedule, as can be seen from Fig. 2, has almost the same form as the schedule
for processing parts in the subdivision shown in Fig. 1. However, in the Gantt chart,
which represents the “wireframe” schedule, instead of machines on the ordinate axis,
the production subdivisions of the enterprise (sections, workshops) are postponed, and
instead of the part processing time on each abscissa axis, the processing times of groups
of parts in the respective subdivisions are postponed.

Typically, such a distribution of component parts into groups produced extremely
rare usually when the production of these types of parts masters at the enterprise and is
adjusted only after the inclusion of new components in the production program or when
the composition of the equipment of production equipment changes.

The processing times of each group of parts in the production subdivisions of the
enterprise can be calculated independently of each other in any sequence. Therefore,
on multiprocessor computing tools, you can organize parallel calculations of these
times. This makes it possible to significantly reduce the calculation time, which was
confirmed by the results of computational experiments [2].



Here it is useful to note some features related to the construction of "wireframe"
schedules, which can reduce the time of there building.

From the results of computational experiments, it is known that the existing methods
of building schedules quickly and well build work schedules when processing 30-60
types of parts in a production subdivision that has 30-70 units of equipment. Each part
is usually processed in such a subdivision on 5 to 12 types of machines.

This information is useful when forming groups of components parts and subdivi-
sions of the enterprise, which can be considered as "generalized machines" for pro-
cessing these groups.

If the group of parts being formed contains more than 80 types of parts, then it is
advisable to divide such a group into smaller groups, each of which does not exceed the
above boundaries, so as not to miss the opportunity to quickly build work schedules for
processing groups of parts.

If the number of equipment units in a subdivision of an enterprise turns out to be
more than 70 -90 units, then it is convenient to divide such a subdivision into several
subdivisions in the calculations, the number of equipment in which does not exceed the
above boundaries.

If the number of formed groups of parts turns out to be very large, then their number
in many cases can be reduced by attaching parts, which are not processed in all subdi-
visions of the enterprise, to groups that have similar fragments of routes.

In addition, it is advisable to note that the processing of components by such groups
in the subdivisions of enterprises makes it possible to more efficiently organize the
transportation of parts between divisions than with traditional processing. The fact is
that after the completion of the processing of each group in any subdivision, all pro-
cessed parts can only go to two places.

One of such places is a subdivision, in which processing of all parts of the group that
are not completely made, will continue, since each group of parts is sent to the subdi-
visions for processing along one known route.

Another place for transportation of the group parts, the processing of which is com-
pleted in this subdivision, is the warehouse, where the finished parts for assembly are
stored.

4 Schedules at enterprises with conveyor assembly of
products

The constructed examples showed that the order of processing of components and,
to a large extent, the total production time of products depends on the order of assembly
of batches of products. The "wireframe" schedule for the manufacture of components
intended for the assembly of any batch of products, in turn, can be considered as a
"frame" for the manufacture of components for this batch in the production subdivisions
of the enterprise.

An example of such a "frame" for the manufacture of components for each batch of
products has the form similar to the "frame" schedule shown in Fig. 2, where the



manufacturing time of this "frame" of components is indicated by .'fv . The assembly

time of any batch of products can be determined by knowing its size, the number of
jobs on the conveyor and its productivity.

In this case, knowing the times of manufacturing the “frames” of components and
the assembly times of batches of products from them, it is possible to construct a time-
optimized “frame” assembly schedule for several batches of various products, if we
consider the manufacturing time of the “frame” of components for assembling the i
batch of products through A as the processing time of the i detail on the first machine,
and the assembly time of this batch of products on the conveyor through Bi as the pro-
cessing time of the i™ detail on the second machine, then this problem turns out to be
similar to Johnson's [4] (see Fig. 3).
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Fig. 4. Gantt chart of the "frame" schedule for the manufacture of components and assembly of
products from them.

The assembly sequence of a batch of products and, accordingly, the manufacture of
components for this can be determined using the results of the following theorem,
which is similar to Johnson's theorem [3].

Theorem 1. Let several batches of products of various types be assembled on a con-
veyor, the assembly of each of which begins after the manufacture of all components
for this batch of products.

Then, with the simultaneous availability of all works, the “frame” schedule, which
minimizes the total production time of all products, is such that the assembly of ; -th

product batch precedes assembly ( j+1)-th product batch, if
min(Aj,BjH)Smjn(AjH,Bj) and 4;,,
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Let us consider the principles and methods of constructing plans and schedules of
work at enterprises with conveyor assembly of products, when various types of prod-
ucts can be sequentially assembled on one conveyor, the volumes of output of each type



of product are determined by the demand for them », (i =1,...,L). Let us denote by (%/g
financial, and by 7, time costs of preparation and readjustment of the conveyor for
assembling of i -th products (i =1,...,L).

In the task, it is necessary to determine the volume of production of each type of
product in such a way that there are no surpluses and shortages of manufactured prod-
ucts in the warehouse, and the number of changeovers of the conveyor from the pro-
duction of one product to another during the planned period would be as small as pos-
sible

To ensure consistent production of types of L products and their availability in the
warehouse, it is proposed to make the times between the start of adjacent releases of
products of each type ¢, identical and determine them, in accordance with [8], using

the following ratio:

()

where 7; value of average demand for products of the i -th type (i =1,..., L) during the

planning interval 7T .
Value ¢, and §pdenoting the number of products in the production batch and the

number of products from this batch, which is sent to the warehouse, are determined
using the ratios (3), (4).

q; = (pl - ‘Fi)tlia izla"'aL (2)
Qi = ‘Flts = pitlia 1:177L (3)

Calculation of work schedules at such enterprises in conditions of random demand
7; (i=1,..., L) after determining the values §; (i=1,..., L) can be made in accordance
with the scheme described in the previous paragraph.

In the conditions of the traditional processing of components, when the parts after
processing in one production subdivision arrive to continue processing in different sub-
divisions, it is very difficult to organize efficient transportation of parts.

In this work, the processing of components is proposed to be carried out in groups,
which are processed in the production subdivisions of the enterprise in the same order.
This allows you not only to build work schedules at the enterprise level, but also to
organize the efficient transportation of parts between production subdivisions and build
a schedule for their transportation.



5 Conclusion

The ideas of forming groups of components, which are created in accordance with
the principles described above, have proven to be very productive. This allows:

- to offer another organization of the manufacture of components parts, when their
processing is carried out in groups, which are formed according to the principles de-
scribed above;

- to develop building schedules methods for processing components at the enterprise
level;

- to organize efficient delivery of component parts between production subdivi-
sions;

- more effectively manage inter-shop vehicles of the enterprise;

- drill down into the "wireframe" schedules at the enterprise level to the processing
schedules for individual parts on all the equipment used.

The developed methods of constructing work schedules for enterprises with con-
veyor assembly of manufactured products can be used to create algorithms for selecting
equipment for the modernization of such enterprises. The efficiency of scheduling
methods can be improved by parallelizing the calculations performed.
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