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Abstract ¢

In order to improve ability and competitiveness of enterprises to fit market.fasief,"and to
short time of productions’ designing and manufacturing. With the defelaping of the
technology of manufacturing cell turning into intelligence,\the methdd oductions’
manufacturing process model that is based on work flow wa ﬁorwar this passage. The
model of product manufacturing process which was baséd an the progess, model defined by
the workflow standard was expanded. It was not onI ctt ructtre of manufacturing

process, but also to describe the dynamic distrib of man ring resource in the
manufacturing process. The methods and c@ations,o%e modeling of production
procedure process, the dynamic modeling ufacturir?& ource and the modeling of
product manufacturing process were exp

in detminally, the accuracy and validity
of this model were verified by the sys imulatj manufacturing process of high-
compression cylinder which was a ponent?% turbine.

Keywords: manufacturing p S modell’n@nufacturing resource modeling, workflow,

model mapping @ \\9
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1. Introduction \Q ﬂ
\ment o@)n mic globalization, information technology and

With the defe
communicati@ olo ibute to pushing forward global manufacturing industry [1].
It is urgent anufa enterprise to carry out all or part of the whole life cycle
business activities, s product design, manufacturing, sales, procurement and

the necessary p with high speed, high quality and low cost. Therefore, study of

management, to ‘r& erprise resources sharing and integration for the market to provide
manufatctur'Eng1 prosess modeling methods is to quicken the generation of feasible products

manufacturj cess model to meet product production plan conditions, according to the
enterpris ufacturing resources and capacity to shorten the production cycle time, cut the
cost,a prove the ability to quick respond to the market. The model should be open,
f% nd reassemble to meet the needs of the environment and manufacturing resources
[2].

Enterprise can be regarded as a complex system formed by plenty of process with specific
organizational target. Process is the core of the enterprise, reflecting the enterprise efficiency
and properties [3]. Research about the process reflects the situation of manufacturing
technology [4].

The purpose of constructing model is to make people, equipment and resources be part of
the manufacturing enterprise [5]. Process model is a kind of model defining composition
activity and the logical relationship between the activities to describe the workflow. And the
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process modeling is a kind of method and technology to set up a description of the process
model by defining the activities and relationship between the activities to describe the
business process or workflow. The main purpose of process modeling is to solve the issue
about how to organize the system activities effectively to make sure the operation process is
done accordingly to process goals and the constraint conditions of system. Manufacturing
process modeling is the important basis of product manufacturing process analysis and
manufacturing process optimization.

2. Product Modeling

2.1. Definition of Workflow Standard Process Model

WFMC(Workflow Management Coalition) defines a meta model describi
definition (Figure 1), to describe the top entity contained by process definiti

including some simulation and monitor attributes). The metaymgdel h prove the
universal applicability and computer supporting. Process ing of ted enterprise
inly”include: process

modeling method is based on the meta model. Proce ﬁ; del
definition, activities, Information transition, definiti rkfl

workflow application, the workflow-relevant data.

May Include

v
Program Statement of
Workflow Application

*LJ * j——
May Used
Y & Loop Control Included

efer to y May Used

)y 4 .
| -
Database or . Definition of the local process
Organization Model ] Model may be inherited from the
s surrounding process

Information Transition

! | External Elements

Fig@ he Modeling of Process Definition Meta-Model

2.2. The Da@o of Product Process Model

The n@ f process model conclude three types: task node, logic node and mark
node. sk node which represents all types of activities and tasks needed by actual
cludes atomic level "artificial type activities”, "automatic application™ and the
N omic level, decomposition "process”. Logic node includes "and node", "or
nodes" and "empty activities". Mark node includes "start node" and "end nodes" [6].
"Process" which contains all the elements of workflow model inside is a node of
decomposition, essentially it is a sub workflows. The introduction of the “decomposition
process” enhances model expression ability, so as to take process activities of some part
together, described in the map with a node. It can reflect the overall logic structure of product
process model clearly. As shown in Figure 2, process node with shadow in high pressure
cylinder of turbine process model is a "process”, which expresses a collection of craft
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activities of a part; in the point of the product, parts process model of HP cylinder is also a
decomposition "process" node.
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Figure 2. Process modeling of High-Pressure %Tl‘ders@es

oc

As the model has the concept of hierarchical struc uchpr model can be
divided into parts process model and compone ss medel process analysis.
Finally, we can get product process model with layer &g\?ﬁcesses by top-down
modeling process, which describes processi rocess el and assembling process
model of all the product parts. c )‘ ¢

O N

2.3. Conversion between CAPP Proce@min ax duct Process Model
ical

Parts model and the compongn el are hi structure. Therefore the same
model of structure, control and gemenirstrategy can be used. Different models are
stored in model libraries as t@&ates, c il product process model initialization by
the modeling tool, generating proce otel. The construction process of model is a
former sequence to t the corresponding product structure tree process. The
search process, stafti m the t node, followed by the first, second sub-tree, is
conducted by the s. Wh prbach to a node, first read the node ID information,
then determjme e,*Wwhile the process reading the appropriate type of
template, a e e process information into templates, generate the
@.

corresponding process . While traverse to the end of product structure tree, a new
complete product prtﬁbs model is established.
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Figure 3. The Sketch Map of Conversion from Process Procedure to Product
Process Mode
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3. Dynamic Modeling Supporting Automatic Mapping of Manufacturing
Resources Classification

Resource model, resource entities, resource pools, and resource combinations are used in
traditional resource modeling to describe the classification of resources and structural
elements. The similarities of modeling method of manufacturing resources in this article and
traditional resource modeling is that they are resources sort modeling, formed by resource
type, resource entities, other concepts and so on. Thus, we can use traditional resource-based
classification model to describe the resource model and the entity's public property.

3.1. The Dynamic Characteristics of Manufacturing Resource Model

If the same group of resources is classified by the processing availabilit high-
pressure cylinder of a steam turbine, as the resources of the state changes i
times, classification model is different, as shown in Figure 4, the

described only by adding environmental resource categor;& not. @

D21(C21, B21, (V211, V212, V213,V214)) O
T

Bl ERE H‘ﬁ
Figure 4. The Classification of U yin ﬁ@cing High-Pressure Cylinder at
eTlm of

In Figure 4, N, is selected as the start \ed node, is the cylinder-type parts processing
resources, C; at a time ty, the pro\mgg availability of a cylinder opposed to another,
V11,V aS avallablllty availability, N, as the resources can be used for cylinder-type
parts processmg att N3 as,r “%s can’t be used for the cylinder-type parts processing
at time t;; B BQ cIassz tegory, N4, Ns, Ng are the milling machine, boring
machine, dri hin nder , Ng the planer, Ny the lathe.

In actual actun@ess it is needed to re-classify the support resources while
adjusting the manufa process in order to support the restructuring of manufacturing

process in dlfferen'fﬁ
3.2. Mapping,between Activities and Resources in Manufacturing Resource Model

ctivities can support resource generation framework shown in Figure 6. It
e generation of a capability template based on activity, the generation of
r r pacity and the combination of activities and resource capacity.

%mapping process of activities and supportable resources in manufacturing process:
first,”determine and supportable resources, as the manufacturing process involves a lot of
resources, while a certain aggregation of supportable resources to each process activity, so in
order to reduce the search space, it is necessary to define the existence range of supportable
resources of each activity while selecting supportable resources, it is achieved by the resource
classification model; then, on a range of resources, judge feasibility according to the rules,
generate all possible supportable resources of the process activity.
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Figure 5. The Frame of Capability Generation of Manufacturm@ ess
An activity may have one or more supportable resour\%i none. sﬂuation that
tion

more than one supportable resource exists, there are out resayurc optlmlzatlon and
manufacturing process optimization under the imi resource. If the
supportable resources do not exist, the activity i |s not |bIe un conditions of existing

resources.

4. Modeling of Product Manufac%
tabll

Although the product process mo |s model does not fully consider the
manufacturing resource constrairs| mple acturmg process the model can be got
only after the completion oh&%nappmg en manufacturlng resources and process,
namely, the definition of portable s for each activity. Manufacturing process
model essentially contains énly the cturlng resources, but also the product's Master
production schedule, «th

shop ﬁ uction planning of parts, etc., [7].

4.1. The Relati betwe oduct Manufacturing Process Model and Process
Model

Product process mod |nIy based on the product design drawings, including all the
product process fro materials to finished products, mainly includes the design of
process, process process route, the selection of tools, fixtures, measuring tools and
machine tools, e anufacturing process model is defined as the actual production process
under the G*Jt.raints of limited resources, according to master production schedule and
ction planning of the product.
these differences as mentioned above, in the actual production process, it is
at the process or workshop production planning can’t be implemented, unless
odified according to the actual situation of plant; resources bottleneck often appears
in plant production process, but other resources are not at full, so it is necessary to adjust
workshop production planning or modify process; can’t make rapid and effective response to
some unexpected equipment failures, resulting in long-term interruption of workshop
production and so on. These issues significantly affect the production schedule, resulting in
the production management of chaos, disorder [8]. The problems can be resolved through
modeling and simulation of manufacturing processes before the actual production.
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4.2. The Establishment of Product Manufacturing Process Model

The process of the establishment of product manufacturing process model is the dynamic
matching process of the process models and enterprise manufacturing resource model. As
shown in Figure 6, first, get the product assembly model by expanding the product process
model; then, expand the lower node, if the node type is part, the relative or similar process
model can be found by searching enterprise standard process model library, add to the
superior model by editing process; similarly, if the node type is component, get component
assembly process model by matching the resources of assembly process, and then expand the
module, continue work to lower node. After traversing the entire root node, the manufacturing
process model can be established.

Product Process Model

Part
Machining
Plan

Component
Assembly
Plan

N

@ Produc

Production
Planning

* .
Fi Q Mod&@ Product Manufacturing Process
5. Estabhs@nt an ication of the Model
The overall design m turbine discussed by us involves in multi-level, multi-criteria

verifying. First, ish the manufacturing process model of turbine high-pressure cylinder
by a meth f praduct's manufacturing process modeling; then, achieve the optimization of
manufactugi ocess model by analysis of simulation results about manufacturing process
for turbj h-pressure cylinder.

problems, the ov@ ign decisions of turbine high-pressure cylinder as an examples for

e establishment of process model about high-pressure outer cylinder’s lower
moddle

Production process is an important part of business process, production process modeling
is the basis of enterprise modeling, production process modeling applies enterprise integrated
modeling approach, including: the process view modeling, organization view modeling,
resource view modeling, product view modeling, functional view modeling, information view
modeling and integration between different view models [9]. The paper introduces some
kinds of modeling related to the process view modeling of high-pressure outer cylinder’s
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lower module process, including process view modeling, organization view modeling,
resource view modeling and the establishment of process planning.

5.1.1. Process View Modeling: Process view describes the activities in the production
process and the connections between these activities, the participants of the activities, the
applications of workflow activated while implementation of activities and the relationship
with other view. High-pressure outer cylinder’s lower module techniques process model
complete describes the process of the part machining process, the connections between the
processes, the participants of the activities, the resources and organization used in process.

5.1.2. Organization view modeling: Organization view describes the organization entities in
the production process, the connection between organization entities, the connectionsbetwegn
organization entities and entities in other view. Organization modeling of high-pressu ter

cylinder’s low-half, first, establish the root node of the organization tree " rbine
plant,"” and then add child nodes, including technical management office, research
nter, large

piece branch factory, middle and small piece branch f tc. Ad “node to child

center, material technology research center, quality inspemnter,
nodes. At the same time add each node with departm S

5.1.3. Resource view modeling: Resource view des S resouW[ies in the production
process, the connection between resource entiti he com%n between resource entities
and entities in other view [10]. Resource mogeh re outer cylinder’s low-half,
first, add child nodes "process equipment’ equip " 10 the root, and then add related
resources about high-pressure outer cyl s low techniques process.

5.1.4. The establishment of pro e@annln en rated techniques procedure of for high-
pressure outer cylinder’s Io odule. stabllsh the process model of the part,
organization model, resour odel, et n generate techniques procedure of the high-
pressure outer cylinder modul rding to manufacturing processes, process step,
the part process route, @on exi equipment, tooling and other resources.

5.2. Manufa rocess ng of Turbines’ High-pressure Cylinders
The mode ethod &pnse integration mainly includes various view modeling, the
integration of views a ution of models in different stages in the life cycle and so on.
The establishment ufacturing process model for turbines’ high-pressure cylinders
establishes the n@t process model of various parts of the composition, organization
model, resource ™odel, etc., generates manufacturing process model of turbines’ high-
pressure %&m under the constrains of workshop production planning, cost, cycle and
other con

imulation of Manufacturing Process for Turbines’ High-Pressure Cylinders

sidering the needs of the integration and development of various analytical tools and
software which regard integrated enterprise modeling system as the core, neutral of models
represent data sharing and exchange between modeling tools and simulation tools IGrafx in
this paper.

5.3.1. The Integration of Modeling Module and Simulation Module: Neutral model based

on the demand which the user asks content of model for simulation tools IGrafx define the
model field and structure; modeling tool provide exports data about the neutral data of the
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model, according to IGrafx simulation tools need to extract the required information of model
field as input of its analysis model, to analyze the simulation results.
The nodes in process model can be divided into four sections: task node, logical node,

mark node and condition node. There are connections between process model nodes, which
show the time sequence of nodes.

iGrafx Int: ted :
1ol ntegrate iGrafx Simlation iGrafx

Model+

Simulation Tool's Model Simulation+'

Conversion Interface+

Modeling Tools+

|

Conversion Module

Process+

Model+
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and Neutral Data+

|

NI

Q *
[ Neutral Databas: ‘\ v J
VvV
Figure 7. The Integration of Modehr@odulqa%&mulatlon Module
5.3.2. Simulation of manufacturing ! S base on\ IGrafx: The simulation of

manufacturing process for turbines’ hi % sures model by application of I1Grafx,

effectively verify the accuracy
manufacturing process model.
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Figure 8. Simulation Result of Manufacturing Process for Turbines’ High-
pressure Cylinders
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6. Conclusions

In this paper, taking turbines’ high-pressure cylinders of a steam turbine work as an
example, verified the manufacturing process modeling method. Turbines’ high-pressure
cylinders are key components of the product. Its process is characterized with features of
complication and diversity. Its manufacturing technology plays key role on improving turbine
performance, shortening development cycles and reducing manufacturing costs. The
comparative analysis of the simulation result of manufacturing process for turbines’ high-
pressure cylinders and the actual process indicates that process model of the product
manufacturing based on workflow standard accurately reflects the actual manufacturing
process of the component.
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