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Abstract: Utilizing the rotor and cylinder of the steam turbine as examples, the key
technologies of design for mass customization (DFMC) have been researched.
Out of this research, an applied system of design for mass customisation has
been assembled. This system consists of several modules, including the system
integrated Smart Team PDM, with a coding module and tabular layouts of
article characteristics module (both developed by the research team), and Solid
Edge CAD software. The system provides facilities for designing
customisation products that satisfy individual customers’ needs, and has been
applied in the design of the steam turbine.
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1. INTRODUCTION

Mass customization has recently received much attention from both
industry and academia. It aims to deliver an increasing product variety to
satisfy diverse customer needs while maintaining near mass production
efficiency[1,2].

Du et al. describe how an architecture of product families contributes to
the generation of families of products efficiently[4]. Jianxin Jiao et al.
propose a triple-view scheme for modelling single products, including
function view, technical view and structural view[5]. Sehyun et al. describe
the parametric modelling process for machine tools, and propose a
framework which parametrically models a machine tool assembly based on a
design expert system[6].

The research team’s framework of technology for mass customisation
consists of four parts, of which design for mass customisation (DFMC) is the
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key part[3]. Under the direction of the technologies for modularisation and
tabular layouts of article characteristics (TLAC module), the system
constructs the product master models (PMM) of variant products and
establishes the product master structure (PMS). On the basis of the PMM
and PMS, using the configuration design and variant design, the engineers
can design the individual product to satisfy customer needs.

2. FRAMEWORK OF THE SYSTEM FOR DFMC

The framework of the system for DFMC is a three-layer architecture,
consisting of the user layer, logic layer and database (see Figure 1). In the
system, Smart Team PDM was chosen as the user platform, and integrated
with the coding module, tabular layouts of article characteristics module and
the Solid Edge CAD system. The members of the project developed the
coding module and tabular layouts of article characteristics module. The
coding module is the core and base of DFMC. Although Smart Team PDM
includes a code generation function, this does not meet the requirements of
the DFMC. Therefore, we developed the coding module for DFMC.
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Figure 1. The framework of the system for DFMC

Using the tabular layouts of article characteristics module, the designers
can construct product master models of variant products and generate variant
products, which meet customer requirements. The module comprises the
class of TLAC (CISTLAC), the class of relations of the TLACs (ClsRelation)
and the class of mapping relations between TLAC and CAD (ClsMapping).
This module provides the facility to establish the TLAC of the product
master models and to create the variant products that meet customer
requirements.
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3. THE LOGIC STRUCTURE OF THE DATABASE

The database of DFMC consists of code reservoir, features reservoir,
PMM reservoir, TLAC reservoir, parts reservoir, drafts reservoir, etc. The
system uses the same code module in order to ensure the consistency of data
in the development of the product. In this way, all products data and
documents are searched and utilized effectively. The logic structure of the
database is illustrated in Figure 2.

Figure 2. The logic structure of the database

4. THE KEY TECHNOLOGIES OF DFMC

DFMC includes development for mass customization and design for
mass customization [3]. The key technologies of DFMC consist of code for
DFMC, modularisation, product modelling, product master structure and the
product configuration, and so on. Connected with the design for the cylinder
and rotor of the steam turbine, how to apply the key technologies will be
researched in the next paragraphs.

4.1 The code for DFMC
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Figure 3. The code for DFMC
The code module is the base and core of the system for DFMC. The code
for DFMC is composed of the classification code, identification code and
view code (Figure 3). These can be used in combination.
The classification code (TLAC code) is used to manage the part family in
the product family. It can adopt the membership code or classification code.
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The identification code is unique in the life cycle of the parts, and it adopts a
sequential code.

4.2 Modularization technology

On the basis of overall analysis and research into customer needs, using
the modularisation technology, the designers developed an independent
function module, which can be used to assemble the complete product
family. This module is the key to product configuration design and variant
design. It can reduce the internal diversification of products and enhance the

exterior diversification of products.
Regulate Pre-sealing Through-flow Post-sealing User-section

Rotor

Figure 4. Theory for module design the rotor of industrial steam turbine

Under the direction of the principles of modularization, the rotor of the
steam turbine can be divided into five sections in logic, which are regulate,
pre-sealing, through-flow, post-sealing and user sections. With the exception
of the through-flow section, the sections are designed for standardisation
modules, which are in a numerical system. According to customer needs, the
engineers design the model of the through-flow section. The designers can
then choose the corresponding models from the series models of the others
sections, and assemble the rotor model quickly.

4.3 Product master model

The product master model contains the geometric and non-geometric
information of product, which is used to for the full life cycle of the product.
The system induces the TLAC to create the product master model [7,8].
Inputting a set of parameters that reflect customer needs into the TLAC of
the PMM, we can generate the variant products automatically.

Depending on the product, there are two kinds of variant, dimension
variant and structure variant. Gu et al. present how to construct the TLAC of
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the dimension variant [8]. We now discuss how to construct the structure
variant part’s TLAC.

Figure 5. TLAC of through-flow section

The through-flow section of the steam turbine is a typical structure
variant part. From customer needs, the designers determine the model
parameters. The through-flow section model includes the steam-seal groove
and lamina-foot groove. Except for the location dimension of the model, the
other dimensions are structure variant. The structure variant items consist of
type of steam-seal groove and location, type of lamina-foot groove and
location. These are saved in data files. The TLAC of the model saves the
index of the data files (Figure 5).

4.4 Product master structure

The product master structure (PMS) describes the configurable product
family, which contains the standardization modules. Based on the customer
needs, the designer can determine the customisation product’s structure from
the PMS.

{_Dimension Variant
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Figure 6. Product Master Structure
When we construct the PMS, the hierarchical structure of the basic
modules should be constructed, and then added to the selected modules
(Figure 6). In the PMS for product family, it used the rules to choose the
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selected modules. Here the configuration rules were described by Event-
Condition-Action rule. In the PMS, it includes the dimension and structure
variant module, which were mentioned in subsection 4.3.

Definition: PMS is a pair, PMS::=({Modules}, {ECA rules}),Where:

{Modules} represents a set of modules. {Module}::= (ID, Name,
Parameter, Description), the elements of set describe the identification
number, name, feature-parameter and description of the module.

{ECA rules} is a set of configuration rules. R::=(ID, Event, Condition,
Action). Where the elements of set represent the identification number,
trigger, precondition and conclusion of the configuration rules.

4.5 Product configuration design

According to the customer needs, the product structure and parts of
customisation product can be gained from the Product Configuration Design.
We can use Solutions=F (PMS, Requirements) to describe the process of
configuration. Where F is the solution process; PMS describes product
master structure; Requirements represents customer needs; Solutions
describes the configuration scheme, which satisfied with customers.

To customize the steam turbine, customer needs include the type of the
steam turbine, the pressure and temperature of inlet steam, the pressure and
temperature of exhaust steam, the output power and rotate speed of working
machine, and so on. Surely, it is an iterative process to solve of the product
configuration. To the steam turbine, which is ETO, it is impossible to depend
on the computer to accomplish the configuration completely, and sometimes
need the designer to join.
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Figure 7. Application Instance
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5. CASE STUDY

The steam turbine is customised completely by customer needs. If
designers induce DFMC to design it, it will reduce parts number obviously
and enhance the design efficiency. The cylinder of steam turbine includes
pre-section, decompression-section, transition-section, prolong-section and
exhaust-steam-section. According to the through-flow section, these modules
can be assembled to the cylinder by rules.

Figure 7 provides a rotor instance. The cylinder includes of pre-section,
transition-section, prolong-section and exhaust-steam-section.

6. CONCLUSIONS

Using the system for DFMC to develop the steam turbine, it not only
enhances the design efficiency, but also reduces the cost of production.
Further, in order to exploit the effect of DFMC, it should be combined with
management for mass customization and manufacture for mass
customization.
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