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Abstract: In order to thoroughly promote the enterprise digital construction and meet the demand of production
management, the space based multi-level process data organization model has been put forward. Firstly,
according to the practical division situation of enterprise production space, the multi-level organization method
of production space has been proposed. Then through analyzing the manufacturing process of the products
n different space layers, the space based multi-level process flow idea has been presented. At the same time,
the mathematical model and formalized expression of multi-level technological process have been established.
Finally, the in-output material flow relationship between different levels process flow units has been analyzed
and the source of input object as well as the disposition of the output object of various level process flow units
has been put into detailed analysis. At the mean time, particular statistical suni and trace arithmetic are provided
s0 as to profoundly illustrate the essence of manufacturing process in theory. As a result, the models proposed
in this study are not only express the manufacturing process flow of the product in an intuitive and clear way,

but also satisfy all types of demands of production management.
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INTRODUCTION

Process data, especially the assembly process data of
complex product, is the key to realize information
mntegration between each department of the enterprise and
the important basis of carrying on production
management (Li et al, 2008; Liu and Cao, 2005; Xu and
Wang, 2011). As a result, how to effectively organize
process In the
organization model of process data, the complete
manufacturing process flow of the product should be

data becomes the research focus.

mtutively and clearly reflected and the successive ordinal
relation as well as the m-output component objects of
different process units should be confirmed to provide
complete 1information for producton planmng and
production schedule operation.

In the present research work, there are two major
methods towards the organization and management of
process data: one is integrated by product structure BOM
(Liet al., 2008; Liu and Cao, 2005; Liu et af., 2002; Wu et
al., 2009, Xu and Wang, 201 1); the other is through BOP
management mode m umt of JOB (Xu et al., 2005;
Zhou and Fan, 2008). However, these organization and

management methods cannot satisfy the needs of
production management which becomes the choke point
of developing enterprise digital technology. Thus, this
study puts forward the thought of space based multi-level
technological process with the reference of research
achievements at home and abroad, so as to provide
technical bage for solving the comprehensive application
problem of process data.

MULTI-LEVEL ORGANIZATIONS
OF PRODUCTION SPACE

The production of mechanical products organizes n
various workshops. According to the component types,
the production workshops consist of assembly shop,
metal plate shop, machining workshop, milling workshop
and casting shop, material preparation shop and so on.
According to different size of production lot, component
shop can be divided and arranged in terms of technology
professional principle which gather equipments of one
type to form different working capability centers, or
product object principle which come into being the
production line. Tt is organized with assembling line in
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Fig. 1: Multi-level production space orgamzation

assembly shop towards different products. These working
capability centers and production lines are all gathered in
certain area of the workshop called accommodation
(ACC). The specific location occupied by different
process or technological equipments within the ACC is
called positions (POS). As a result, the production space
of any enterprise can precede orgamzation according to
the three layers spaces, namely, the workshop, ACC and
POS as shown in Fig. 1.

Supposing SP,, 1s used to represent the production
space of the m layer and SPU 1s employed to represent
munber i production space unit of layer m, thus, the
relationship between production space and space unit can
be expressed m the following way:

SP, ={SPU, ,SPUZ ..., SPU%}

Among which:

1, workshiplevel;
m=42,ACClevel;
3, POSlevel;

Upper and lower layer space umit exist mclusion
relation which can be expressed as followimng:
ml

SPU, = {SPU., ,SPUZ......SPUL  }, me {12}

MULTI-LEVEL PROCESS FLOW

In present product manufacturing model, component
manufacturing and product assembly work of different
product objects are carried on in various workshops, such
as general assembly shop, subassembly shop, component

Workshop01l

e

Workshop03

JOB 02 |‘/| JOB 01 | 1
JOB 05 4B
JOB 04 Iv\l JOB 03 | ljel

Fig. 2: Multilevel process flow

workshop, warehouse and so on. So workshop layer
manufacturing process comes into being according to the
flow relation between different workshops. Inside the
workshop, the production work of accessory objects is
fulfilled through different ACC and POS in a certain order,
so as to form the ACC and POS technological process.
JOB 15 the most basic orgamzation unit of the process and
composed of steps which are the specific operational
order to guide the skilled workers to finish the actual
manufacturing work. According to the front and back
ordinal relation of each working procedure, the JOB flow
takes shape. So the multi-level process flow which is
composed by workshop, ACC, POS, JOB comes into
being as shown in Fig. 2.

If PF, (Prod-Out_) 1s used to represent the process
flow of number m layer of the production object
Prod-Out., while PFUY | represents the nuniber i process
flow unit of the layer m which take the afterwards process
flow umit number j, so the process flow of workshop,
ACC, POS and JOB layer can be expressed as the
following:

PE, (Prod-Out, ) ={PFU}?,PFU}

PFTTRN

PEUY..PFU

Among which:

Lworkshiplevel
2,ACClevel

~ 13,p0slevel
4, JOBlevel
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Any process flow unit PFUY works in the way in
which the mput object Prod-In',, 1s transformed mto
output object Pred-Out, through certain production
space SPUF, which means:

PFU,) =(8PU; , Prod—In,, Prod— Out;, )

Among which:

Prod - Ini, = {Prod - I3 ,Prod—In}’,...Prod - In:"}

According to the ordinal relations of each process
flow unit, the output of the previous unit becomes the
mput of the next unit, thus the following relation can be
found:

Prod- Out, = Prod-In},

At the same time, the mclusion relation exist between
upper and lower layer process unit, it can be expressed in
the following way:

PFUY = PF,

" (Prod—out; ), me {123}

In addition, the output product object of any layer
process must be the output object of its last process flow
unit which is shown as follow:

Prod-Out_ = Prod-Out}

LOGISTICS ANALYSIS of EACHLAYER
PROCESS FLOW UNIT

The manufacturing of the preoduct 1s a course of
material flowing and its morphological alteration. Tn the
multi-level process flow, there 1s material flowing relation
between flow units which possess successive ordinal
relation on the same level. At the same time, there is also
complex material flowing relation between flow units of
different layers.

Logistics analysis of workshop level unit: Every part will
form a product through a series of professional operation
in workshop which comes 1nto being the material flowing
network between workshops as shown in Fig. 3.

As the figure shows, the mput object of every
workshop comes from the output of the previous
workshop or from the warehouse where preserve the
suppliers’ material procurement.

WE-Wotkshop

| Machine W3 || illing WS

Ietal-plate W | L) 4

Fig. 3: Logistics supply network of workshop level

Wia-Workshop

Fig. 4: Logistics supply network of ACC level

Logistics analysis of ACC level unit: In each ACC
process flow unit of each workshop, especially the
assembly umt, all kinds of input product accessories
object should be produced to segment piece, group piece
or middle ware as output which forms the logistics supply
relation between different ACC inside the workshop as
shown in Fig. 4.

As the figure shows, the input object of each ACC
inside the workshop may come from the upstream ACC
output or directly from the output of other workshop or
the warehouse.

Logistics analysis of POS level unit: The manufacturing
of product should be accomplished
depending on the manufacturing resource like machine
equipments and technological equipments
different position in ACC. According to the material flow

accessories
located

relation between different POS, the logistics supply
network of POS layer 1s formed as shown m Fig. 5.
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Fig. 6: Logistics supply network of process layer

The figure tells us that the input objects of POS
process flow unit come from three aspects: the first one 1s
the output of the previous POS flow unit; the second is
the output of ACC previous the ACC which this POS
belongs; the third is the output of workshop previous the
workshop which this POS belongs.

Logistics analysis of JOB level unit: In the manufacture
task of each POS, a series of JOB activities in assigned
order should be employed. The accessories state of each
JOB should become the working object of the next JOB.
As a result, the logistics supply network shown in Fig. 6
can also be formed between the JOBS of each POS.

As the figure shows, the input accessory object of
each JOB comes from various directions: the first 1s the
output of upper JOB activity; the second 1s the output of
POS previous the POS which this JOB belongs; the third
is the output of ACC previous the ACC which this JOB
belongs, the fowrth one 1s from the workshop previous
the workshop which this JOB belongs.

PRECISE TRACING STATISTICS of
FLOW UNIT MATERTAL

The above section detailed analyzes the logistics
relation between each layer flow unit and make sure the
material source between different levels of flow unit.
Except the flow umit of workshop layer, there are two
questions need to be made clear towards other flow umits:
the first one is to make sure the input object of each flow
unit specifically comes from which space unit output of
the upper layer space that 1s to say, the precise tracing
statistics of material source; the second one 13 the output
object of each flow unit finally transmits to which space
unit to be employed in the next space level which is
precise tracing the material flow direction

Source tracing of flow unit input object

Problem description: When nuniber i flow unit PFU,*
output Prod-Qut',, in its space unit SPU¥, on the m layer
{(when m 13 ACC/POS/JOB layer which 1s m>1), each of the
object in input object collection Prod-Tn',, specifically
comes from the output object from which space unit and
which space layer.

Algorithm thought: Towards any input object Prod-Tn",,
in the input collection Prod-In',, of flow unit PFU**_, the
traverse should be carried on to all the flow umts on the
layer of m-1. Among which, if any flow unit PFU**_ | s
output Prod-Out® is equal to this input cbject Prod-Out”,,
it illustrates that this input object Prod-In",, comes from
the PFU**_ | flow unit cutput of the m-1 layer, then this
search should come to an end; if this input object Prod-
In",, are not equal to all the output objects from all the
space unit on m-1 layer, it illustrates that this input object
Prod-In",, is not comes from the space unit output on the
layer m-1. At this time, on layer m-2, the space unit in
which it output object is equal to input object Prod-Tn",,
should be continued to traverse and search among all the
flow umnits, until the space umt in which its output object
is equal to input object Prod-In"’,, or until each flow units
of all the warkshop layers are traversed and searched. All
those found space units are the source space unit of flow
unit PFUM* | °s input object. The specific process flow 1s
shown in Fig. 7.

Flow direction tracing of flow unit output object: Problem
description: When number 1 flow umt PFUY | exports
Prod-Qut., in corresponding space unit SPU¥, on the layer
m(when m is the workshop, ACC and POS layer that is to
say, when m<4), this output cbject Prod-Out, finally
become the mput object of which space wut on which
space layer.
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Fig.7: Source tracing arithmetic of nput object

Algorithm thought: At first, the successor flow umit
PF1P*, should undergo when the process unit PFU %,
exports Prod-Out, in SPU, , space unit and the next level
flow PF_,,(Prod-Out ) of the flow unit PFUI*  should be
searched. Prod-Out, should be respectively compared
with each input object Prod-In*™.,, of each space flow
unit forming PF,,,(Prod-Cut); if Prod-Out,, = Prod-In** .,
can be discovered, then the flow unit PFU**_,, to which
this Prod-In"",,, belongs and space unit SPU¥,., is the
next level flow unit or space unit of Prod-Out', object;
PF_.(Prod-Out,,,), the next level flow of PFU**_, should
be searched contimuously until the search of the JOB
layer comes to an end. All found flow umt from different
level flow unit is the sublevel disposition flow unit of
Prod-Out',, and the comresponding space unit is the
disposition space umt The specific algonithm flow is
shown in Fig. 8.

Search the follow PETT ,;* OfPFU;} i

Search the nextlevel flow PFM+1(PI" od— Oui}; )OfPFU;’*

| Set var A as space level number ,M =m |

Search childlevel flow set & as total number of flow
PFM+1(F’rod— Ouﬁ,)"f unitin 27, ;
w >
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h 4

Set k as flow unit No. ,k =1

v

search space UNitSPUL, of PFUL,
Its input collection aPr od — Inf;,; M

v

Set as total object Tumber itProd— Inpy,,

Set #as input object Na# =1

Prod — Ini':
= Prod — Out-
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[False! the object haven’tallocated
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Fig. 8: Flow tracing arithmetic of output object
CONCLUSION

Space based multi-level process data orgamzation
model intuitively yet clearly expresses the complete
productive process of the product and faithfully reflects
the complex material flow relation between space flow
umts of different levels which realize the source statistics
of each level flow unit input object and the disposition
inquiry of the output object. As a result, this model
profoundly elaborates the essence of manufacturing
process from theoretical level which will provide
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comprehensive and precise data information from the
production management and satisfy the demands towards
process data of different departments which can make
sure the process data can actually work as bridge and link
in the informational process of modern enterprise and
which can promote the enterprise digitalization
construction to a deeper level of application and
development.
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