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Abstract In this paper, several web-based interfaces for
user interaction and a task-oriented decision approach are
proposed to build a tasks schedule model and then display
the manufacturing process in a virtual environment, which
is created by a geometric virtual-reality-based visualization
technology for screw threads generation. The proposed
tasks schedule model consists of four types of objects:
virtual component, state manager, transfer operator, and
flow controller. The virtual component has a geometric
model with kinematics and their attributes. To control the
geometric model, a component controller which models the
logical aspects of a component is used. The component
controller should be able to implement component-level
orders by operating the geometric model. For the fidelity of
the tasks schedule model, a transfer operator has a set of
component-level command imitating the physical mecha-
nism of a transfer. As a result, more accurate simulation
results can be expected. The flow controller makes
decisions on friable transfers based on decision parameters,
which are maintained by the state manager. To have better
structure and easier implementation, a virtual manufactur-
ing platform can be modeled in a hierarchical and modular
manner as an integrated system consisting of a product
design suite, a web interface module, and a visualization
module. Meanwhile, it provides a solution of learning of
manufacturing sequences, cost effective, platform indepen-
dent, and sharing visualized information over the internet
for virtual manufacturing. Finally, the tasks schedule model
has been implemented with an example in screw threads
generation.
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1 Introduction

Tasks schedule plays a key role in manufacturing to
transform design specifications into essential information
for final product. It decides processes and sequence of
product creation. Meanwhile, a tasks schedule generated for
a product being designed can be used to either determine
manufacturing feasibility or calculate reliable time and cost
in completing the intended task. If it not feasible to be used
in an existing manufacturing environment, the re-planning
or re-designing of a product has to be executed. This paper
proposes a method and takes screw threads generation an
example to build a tasks schedule model in virtual
environment.

Screw threads are among the most important machine
elements, as you can note by observing screws, bolts, and
other threaded components in machines and various
products. A screw thread may be defined as a ridge of
uniform cross-section that follows a spiral or helical path on
the outside or inside of a cylindrical or tapered or conical
surface. Figure 1a shows the nomenclature and the
identification forms for screw threads [1–4]. Threads are
produced externally or internally (as shown in Fig. 1b) by
cutting with a lathe-type tool: The process is called thread
cutting or threading. When cut internally with a special
threaded tool (tap), it is called tapping. External threads
may also be cut with a die or by milling. In addition,
traditional screw threads generation process is usually
represented in two-dimensional sketch, but it may be
difficult to understand the complex geometries and the
manufacturing arrangement with the help of 2D models.
These limitations can be partially overcome, and under-
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standing will be more meaningful if one uses 3D solid
models instead. However, the development of the models
using 3D models may not always ensure the clarity of the
screw threads generation process unless one uses imitated
animation (e.g., virtual reality (VR)) to represent the motion
of the screw threads and cutter. Generation of screw threads
can be achieved very efficiently with the assistance of the
virtual manufacturing technique that is based on knowledge
and expertise. It will enable the user to apply them more
helpfully in real manufacturing situation.

As for the virtual environment (VE) technology, it has
attracted both academics and industrialist to adopt VR in
training and education. From the technological viewpoint,
VR is usually a collection of advanced computer technol-
ogy components and equipment. From the functional
viewpoint, VR can be seen as a tool to provide real-time
interactivity between computers and users. Through the
dynamic display of computer graphics, users can interact
with virtual objects and information in the VR environ-
ment. Meanwhile, VR is a tool that allows users to
experience telepresence. Telepresence refers to “the extent
to which one feels present in a computer-mediated
environment, as well as in the immediate physical environ-

ment” [5]. According to these perspectives, we can define
VR as a concept or tool consisting of computer technology-
based artificial world filled with computer-generated
images that respond to users’ movements and inputs and
which allows users to experience a mediated sense of
presence. Virtual reality environments for training are
proposed and fall into three categories [6]: networked
text-based virtual environments, desktop virtual reality, and
immersive virtual environments. Networked text-based
virtual environments are commonly known as MUDs and
MOOs [7] and support real-time interactive use among
users in distributed and remote locations. Users basically
interact with each other through typing words into their
personal computers. Desktop virtual reality provides 3D
multimedia simulations in which users can enter and
explore. Users share the same virtual worlds through
networking from remotely located personal computers [8].
Immersive virtual environments employ high-end laborato-
ry equipment such as workstation computers, head-
mounted display, and data gloves, and users are required
to use laboratories and wear the equipment to interact with
the virtual worlds. Although these environments provide
some degree of immersion and thus may engage tutees

(a) Standard nomenclature and identification form for screw threads 

(b) Diagram for screw thread cutting process 

Fig. 1 a Standard nomenclature
and identification form for
screw threads. b Diagram for
screw thread cutting process
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attention and enhance learning, the cost—of hardware as
well as software—limits their applications and popularity.
A comparison of the three categories of virtual reality, in
terms of their medium forms, playback platforms, develop-
ment costs, etc., with respect to the VR system, is listed in
Table 1. Through spatial, sensory, and audio simulation, a
virtual environment can produce immersion effects. There-
fore, it is also called “3D real-time interactive environment”
[9–11]. It is suggested to construct virtual learning environ-
ments which can give learners close-to-reality perceptions
and accumulate learning experiences through their inter-
actions with the computer. Afterward, they will be able to
apply their learned knowledge and competence in real-life
conditions and complete their assigned tasks. A virtual
reality system should be composed of three elements (the
so-called 3Is) [12]: (1) immersion—users must be im-
mersed into the virtual environment as if they were in the
real-life environment; (2) interaction—the system must be
able to detect users’ actions and produce corresponding
reactions in real time; (3) imagination—since virtual reality
is a world built upon imagination, it can have more
possibilities than merely simulating the real world. In
summary, there are several characteristics listed: (1) the
advanced visualization concept based on a virtual reality
environment, (2) direct interaction with virtual objects in the
holo-graphic visualizations, (3) multimedia integration (video,
audio, text) in the interactive graphic simulation, (4) link to
commercial CAD systems of the manufacturing domain [13].

In virtual manufacturing field, rapid prototyping, which
is a new technology for design, is created [14] for
visualization and verification. Graphical user interfaces
virtual reality technologies, distillation, segregation, and
auto interpretation are some of the important features of
their work. A virtual prototyping is constructed using
simulation of the planned production process using virtual
manufacturing on a platform of MAYA, 3D Studio Max
(3DS), and VRML [15]. Meanwhile, a research work is
being carried out to simulate the gear manufacturing
processes using AUTOCAD and 3DS as platforms [16,
17]. Software has been developed that helps the design
engineers to understand the problems related to spur gear

operation and its manufacturing process. An interactive
design visualization system to facilitate an interactive
product design at the conceptual design stage [18]. A
modeling and simulation system is proposed to support a
distributed machine design and control paradigm [19].
Meanwhile, the real-time simulation and validation has
been extensively adopted in network-based VM environ-
ments. It is capable of generation information about the
structure, status, and behavior of a manufacturing process
and system [20].

From literature reviews, it is obvious that VR as a
learning or training tool can make abstractions more
concrete [21] and thereby help manufacturing companies
internalize their learning [22–24]. By using head-mounted
display and a 3D mouse, trainees could “touch” and
“grasp” virtual objects in the learning center, determine
the structural stability of various structures, visualize the
internal forces on diagrams, and observe structural defor-
mations. VR provides multiple or alternative representation
of the real world. Participants and virtual objects are not
constrained by physical realities or practicalities [25–28].
Meanwhile, VEs provide a means for users to navigate and
investigate an efficient decision-making over entire process
of manufacturing.

As mentioned above, the scope of virtual manufacturing
is wide open for simulating assembly, machining, process
planning, and so on. Computer simulation can be very
effectively used for viewing along with aiding subsequent
analysis of different complicated manufacturing processes.
Hence, the purpose of this paper is to simplify the task of
designing, study the screw threads generation process that
can be understood by a learner (e.g., student and novice),
and present a realistic view of it. This proposed system
integrates the modules, users, and resources, and all the
processes are developed by the OOP design, relational
database management system, and the virtual reality
technology. The overall structure of the paper is as follows:
Section 2 presents the overall approach to the development
of the web-based virtual manufacturing environment;
Section 3 describes detailed approaches to the manufactur-
ing tasks schedule model in VM environment over the

Table 1 Comparison of virtual reality systems

Text-based Desktop Immersive

Medium forms Test only Dynamic 3D graphics, sound video Dynamic 3D graphics, sound video

Playback platform PC with network PC with network High-end computer with equipments, etc.

Playback platform cost Low Low to medium High

Content development cost Low Medium High

Immersive effects Low Low to medium Medium

Mobility Low Low Partial
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internet; Section 4 covers some examples and illustrations;
concluding remarks are addressed in Section 5.

2 Development of a web-based virtual manufacturing
environment

The entire structure of virtual manufacturing system is
presented simplify in Fig. 2a. Execution sequence is shown
in Fig. 2b. Both user design mode and self-practice mode
allow users to understand the machining process of screw

threads and facilitate hands-on operation, reducing the risk
of damages of machine and operators injures. The key
modules, initial, threads design, virtual manufacturing, and
support four portions are included in this system. Explan-
ations for these portions are detailed below.

2.1 Initial portion

This portion is created to offer the scene and essential
objects. The former means the decoration of manufacturing
workshop that includes, among others, working desks,

(a) The modular structure of virtual manufacturing system 

(b) The executed procedure of virtual manufacturing system

Fig. 2 a The modular structure of virtual manufacturing system. b The executed procedure of virtual manufacturing system
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signboard, bulletin board; the latter includes equipment,
tools, and the other auxiliary instruments, e.g., lathe, holder
of straight chasers, vise. Meanwhile, the max script is
basically an image processor that builds the visual effects
(rendering, patch of material, and texture) in 3DS. Besides,
it can be used for assignment of process sequences and
repetitive tasks. As for the source files, these are made for
the requirement of threads design portion, for example,
assignment of initial conditions for manufacturing, standard
template library of machining.

2.2 Threads design portion

This portion provides the parameters that are essential for
the design and generation of the screw threads. The
process of selecting the items and inputting the data is
specifically finished through the html pages with the
html tag. There are several key features that are based on
the identification of threads have to be assigned through
a series of dialog windows—type, unit, position, and the
corresponding data (as shown in Fig. 3a). In addition,
Fig. 3b illustrates that a user may specify the operational
conditions that include the types of cutter. Other data
relevant to machining process, such as feed rate, axis
revolution, and dynamic load, will be automatically
converted from user inputs. This module comprises the
following steps:

1. Assignment of design parameters—The system will
automatically retrieve and import the data from its
database that correspond to the parameters of the thread
input by the user. The data will be displayed to the
screen for user’s further confirmation (Fig. 1). The
system also allows the user to input new parameters
(use define mode), in which case the system will save
the database with new parameters.

2. Confirmation —After designed parameters have been
selected or entered (user define mode) by the user, the
system will display screw-thread forms for user’s
confirmation.

3. Storage—When screw-thread data are confirmed, they
will be stored in the database for the references in
future machining process.

The system will automatically run the following proce-
dure when the above steps have been finished: (a) open
the execute file of VE, (b) declare variables and connect the
database, (c) create the dynamic SQL query to research the
key fields in the database, (d) save the multidimensional
array in VE buffer, (e) close the connection and release
buffer memory, (f) display the information of screw-thread
form on the bulletin board in VE, (g) implement the process
for cutting screw threads.

2.3 Virtual manufacturing portion

The physical models created in Section 2.1 will be imported
to 3DS for the deployment of virtual manufacturing scene
and the addition of texture. When completed, the scene and
all components are imported into EON Studio and SDK
development module to set up important nodes and
parameters of the object attributes, light source, view
angels, and motion in order to achieve the best visual
effects. The brief construction process is shown in Fig. 4.
As for the virtual manufacturing system of screw threads,
there are user design mode and self-practice mode in the
system.

2.3.1 User design mode

The cutter with all its cutting geometry depends on the form
of screw threads; the workpiece is created following
geometric conditions. These data have been provided by
threads design portion. As for the screw threads generation,
take an example of external threads with lathe cutting, the
workpiece is clipped on the chuck. The tailstock supports
the other end of the workpiece. It is equipped with a center
that is fixed. The single-point cutting tool is positioned at
square turret. Afterward, the cutter is given requisite motion
and fed to generate profile threads. The process of
machining screw threads is shown Fig. 5: (1) The decision
module receives the data about the thread to be made,
including screw threads form, data_tool, data_workpiece,
and relevant parameters (axial revolution, feed rate, and
cutting length, etc.), interprets them into SQL syntax, and
finds the corresponding procedure (field no_topic); (2) the
database puts the content_step in its designated place
through VR operator and displays it in VM scene; (3)
when VR operator finishes it task, finish_step message will
be sent to decision module, then it will send a next_step
request and finds the next process from the database; (4)
steps (2)–(3) will be repeated until the machining comes to
an end, at which time the decision module will send the
“message_return” to Type library sender to terminate the
user design mode.

2.3.2 Self-practice mode

Self-practice mode is entirely conducted in VE as shown in
Fig. 6: (1) The user chooses the topic for the thread
machining practice through VR interface. Decision module
receives the id_practice of the user’s choice and renders the
topic as checked (distinguished by color t_click). Decision
module then interprets it into SQL syntax and locates the
corresponding field no_topic in the database, at which time
system will lock other topics, allowing only one topic for
each practice session; (2) the database puts relevant
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content_step and item_step to designated place through VR
operator; (3) the user selects the most suitable answer
(id_item_step) according to the question of the step. Then,
the answer is sent for decision module to check, and the
item rendered is selected (distinguished using colors,
s_click); (4) if the item is correct, decision module will
send a next_step request, finding the next step from the
database; (5) steps (2)–(4) will be repeated until the

machining process comes to an end; (6) if the item is
incorrect, decision module will send a id_item_step request
and locates the corresponding error message (field alarm)
and prompts contents (text_result), which will be sent and
displayed in the TextBox of VR operator.

2.4 Support portion

There are several features developed in this portion: They
are camera viewing, animation path, self-practice, and
auxiliary sources. The camera viewing module provides
the facility to place the camera at different coordinate
positions (global and local two types) and thus show
different camera views of the machining process. Still
pictures of the partially cut workpiece along with that of the
cutter at every step of cutting is recorded and enable theFig. 4 Flowchart for building a virtual manufacturing environment

(a) Dialogue window 

(b) Parameters assignment 

Fig. 3 a Dialog window. b Parameters assignment
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user to feel the reality in a virtual environment. The
animation path module records the moving trace and its
frames that are displayed in proper sequence at successive
interval and simulates the dynamic behavior of different
components. The cutter and the workpiece occupy different
positions in each of the frames depending on the kinematic
relationship of the machining process (e.g., feed rate, axial
revolution, machining stroke, etc.).

2.5 Architecture of rational database management system

A three-tier architecture on the internet is used to
implement the tasks schedule model in this paper. The
architecture consists of a web server, a DB server, and
clients. A rational database management system (RDBMS),

MySQL, is used to build the remote DB server. The
MySQL provides standards-based drivers for JDBC and
open database connectivity, enabling the developer to build
DB application in their language. An RDBMS resides on a
tier of the multi-tier architecture, which is farthest removed
from the end users. JDBC techniques aid clients to connect
to a remote DB server through internet. The database
structure shown in Fig. 7 consists of several tables and
relationships conceptually. The tables are designed to store
hierarchical object information. In addition, a DB importer
is implemented on the DB server to efficiently store the
data of VR objects into the DB that requires organized and
structured information. The DB importer has the following
functions: (1) search the name of screw threads (table
Screw_Threads) and its corresponding tools for machining

Fig. 6 Diagram for process of machining screw threads—self-practice mode

Fig. 5 Diagram for process of
machining screw threads—user
design mode
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(table VR_Object); (2) open the file and transform the
coordinates of VR object; (3) build a dynamic SQL query
to insert the design data into the database; (4) connect and
transact to the database.

2.6 Communication of application interface

On the server side, the programs are defined as the handler
with JDBC and socket handler and serve to, respectively,
communicate with the remote DB server and clients over
the internet. Meanwhile, these programs are implemented
on the http web server. The server has the following
characteristics: (1) receive the connection from the browser;
(2) run application programs for common server technolo-
gies such as hypertext pre-processor, java server page; (3)
transmit data back to client and record a log of user activity.

On the client, an html file transmitted from the server runs
on a web browser. The html file embeds several java applets
and browsers serving as Rpaptor (a free 3DS plug-in). A java
applet communicates with the web server bymeans of the java
socket-based communication and interacts with the VR
objects in the browsers. A client application consists of
several java applets based on their functionality. Furthermore,
applets include server selector, message windows, VR object
handler, and the other applets developed for tasks schedule
model. These applets are formed as objects or components so
that a web-based client application can be easily implemented.
Besides, it is possible for an applet method in a standard web
browser to access the VR object of an embedded Raptor as
illustrated in Fig. 8. There are two key functions provided by
EAI: (1) read external programs and change the VR object
and (2) register the functions of external programs as

Fig. 7 Conceptual diagram of
relational database model for
machining screw threads
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responses. Whenever this event (i.e., response) is generated
in the VR environment, the browser invokes the associated
return function and passes the current value of the event as a
parameter.

The communication between a server and clients in this
paper, the java socket-based method is used. The communi-
cation is programming language independent so that a socket
program written in java also communicates to a program
written in non-java socket class. Meanwhile, the format of
command protocol is composed of ID_Threads, Name of
DB, Amount of argument, and List of arguments.
ID_Threads specifies a form to be invoked and executed
in the server; by Name of DB, a specific RDB, including
various tables and relationships, is subsequently selected in
the designated DB server. Amount of argument and List of
arguments are used to form a dynamic SQL query to get
intended result in transacting with the RDB.

3 Task-oriented decision approach to the virtual
machining process

Tasks decision of product aims to meet demands of
feasibility customization, cost effective, right delivery and

service and environmental satisfaction in a product life
cycle [29]. An automated and computerized assembly
planning is integrated with CAD systems [30]. The
importance of a number of assembly tools applied and tool
changes in achieving optimal assembly planning is dis-
cussed [31]. Disassembly planning aims to generate
disassembly sequences with subsequent disassembly
actions, which has been addressed by several researchers
[32]. As for the methodology for tools selection in
assembly planning, a system tools selection is developed
based on general guideline rules [32]. A systematic method
for identifying and ranking tool alternatives is based upon
production cost and time [33]. An incorporated tool
selection system is developed to sequentially determine
tool types by means of object-oriented knowledge and DB
search [34]. Furthermore, machine selection is also a
critical activity of job scheduling that is defined as the
allocation of resources over time to perform a collection of
tasks [35, 36]. The available machines and possible
operations could be involved in machine selection [37].

A tasks schedule model is generated by decision module
in virtual manufacturing environment as illustrated in
Fig. 9. It can be created based on the available resources,
which change along with a screw threads machining
process. This section explains detailed approaches proposed
to tasks schedule model in VM environment.

3.1 Module architecture

The three-phase modeling framework is applied in this
paper [38]. The modeling framework is based on the object-
oriented modeling paradigm [39] and consists of three
sub-modules—static module (virtual component), flow mod-
ule (part flow), and administered module (control the part
flow). All virtual components are built in Section 2, e.g., tools,
cutters and facilities. Part flow is visualized by VR operator
that is generated by java applets and EAI. As for the
administered module (control the part flow), it is imple-
mented following the results of the mathematical formalism.

Fig. 8 Communication between a java applet and Rpaptor in client
application

Fig. 9 Tasks schedule based on
virtual manufacturing environ-
ment
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Figure 10 (a) shows the static module, which is
constructed by positioning two device symbols, a buffer
and a tool. The flow module, illustrated in Fig. 10 (b),
describes the part flow in the system by drawing arrows
between device symbols. The solid line represents the flow
of a finished part from the tool to the buffer, and the dotted
line represents the flow an unfinished part from the buffer
to the tool. Figure 10 (c) shows the administered module,
which defines the firing conditions of each flow according
to the system state. For instance, the token bag, shown in
Fig. 10 (c), represents the availability of the tool to control
the flow of unfinished part from the buffer to the tool.

The static module consists of manufacturing tools having
their positions in the layout. The flow module is supposed
to describe the flow (or transfer) of parts and auxiliary
resources (pallets and holder, etc.) between tools. A transfer
is modeled as an object, called transfer operator, which
includes a set of tool-level orders enabling the transfer. The
administered module states the control logic of a manufac-
turing process, which makes decisions on friable transfers
based on the decision parameters, which can express
meaningful system states. Two objects are employed for
the administered module—flow controller and state man-
ager. The former is used for making decisions on friable

transfers based on the decision parameters. The latter is
applied for maintaining decision parameters based on the
mapping relation between decision parameters and the
states of virtual components in the system. The overall
structure of the proposed decision module for creating the
tasks schedule model is shown in Fig. 11. The virtual
component provide interface with two sub-modules, state
manager and transfer operator, in the decision module.
While the relation between virtual component and state
manager is a one-way communication, the communication
between the virtual component and transfer operator should
be two-way. The transfer operator sends component-level
orders to the virtual component, and it also receives a
feedback from the virtual component, e.g., the return of
order (done or failure) of the command execution. The state
manager maintains decision parameters representing the
state of tasks schedule, and the flow controller chooses
friable transfers according to the decision parameters.

In this paper, the discrete event simulation formalism
[40] is employed to support the specification of discrete
event models in a hierarchical, modular manner. Mean-
while, the semantics of the formalism are compatible with
object-oriented specifications for simulation models. Virtual
manufacturing environment is a simulated platform, which
realizes the formalism for modeling and associated abstract
simulator concepts for simulation, all in object-oriented
language. Within the formalism, there are two parts have to
be specified: unit and pair. Formally, a unit UN is specified
by a 7-tuple:

UN ¼ Ein; Sss;Eex;Ft in;Ft ex;Fout;Fad tf g
In this form:

Ein: input events set
Sss: sequential states set

Fig. 10 Three-phase modeling procedure

Fig. 11 Conceptual diagram of
decision module
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(a) State transition diagram of virtual component

(b) The controller of virtual component

(c) State transition diagram of transfer operator 

(d) State transition diagram of state manager and flow controller 

Fig. 12 a State transition diagram of virtual component. b The controller of virtual component. c State transition diagram of transfer operator. d
State transition diagram of state manager and flow controller
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Eex: output events set
Ft_in: Sss→Sss: internal transition function
Ft_ex:Ts×Ein→Sss: external transition function
Ts={(s,ti)|s∈Sss, 0≦ ti≦Fad_t (s)}: total state of UN
Fout: Sss→Eex: output function
Fad_t: Sss→Real: time advance function

The four elements in the above form, Ft_in, Ft_ex, Fout,
Fad_t, are called the characteristic functions of a unit model.
Figure 12a illustrates the state transition diagram of a
virtual component have several related transfers, and the
corresponding unit model can be depicted as follows.

UN ¼ Ein; Sss;Eex;Ft in;Ft ex;Fout;Fad tf g

Ein=[OT1,…OTn]
Sss=[Wait, Load order, Order execution]

Fig. 13 Diagram of tasks schedule model

Fig. 14 Sequence diagram of creation of tasks schedule model
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Eex=[MS, OT1,…OTn]
Ft_in(Load order)=Order execution
Ft_in(Order execution)=Wait
Ft_ex(Wait, OT1,…,or OTn)=Load order
Fout(Load order)=MS; Fout(Order execution)=OT1,…,
or OTn; Fout(Order execution)=MS
Fad_t: Sss→Real: time advance function

As for the pair model PA is defined as:

PA ¼ Ein;Eex;UN ;Rin ex;Rout ex;Rp in; Spick
� �

Ein: input events set
Eex: output events set
UN: set of all models in discrete event system
Rin_ex⊆PA.in×UN.in: external input pair relation
Rout_ex⊆PA.out×UN.out: internal output pair relation
Rp_in⊆UN.out×UN.in: internal pair relation
Spick :2

UN−Φ→UN : tie-breaking selector

Where the .in and .out mean the input ports set and
the output ports set of respective discrete event model.
The four modules—virtual component, transfer operator,
state manager, and flow controller—will be represented
as unit models, and the whole tasks schedule model will
be included in the unit models and pair relations between
them.

3.2 Virtual component and transfer operator

The virtual component encloses the key data, which
represents the inherent properties of component, such as
geometric shape, kinematics, and execution of component-
level orders, besides the creation of CAD objects in
Section 2.1. In the physical aspects, the virtual component
have a geometric model with kinematics, such as moving
joints (translation or rotation) and their attributes, including
speed, feasible moving range, and so on. To control the
geometric model, a component controller models the
logical aspects of a component. The component controller
should be able to implement component-level orders by
operating the geometric model. An example of the virtual
component is shown in Fig. 12b, the component controller
of lathe should be able to interpret motion order of sub-
components (Cartesian coordinate values), report state
change, and control the geometric model.

A transfer operator needs to communicate with the flow
controller and two virtual components (at least). In
Fig. 12c, a transfer operator has an input port from the
flow controller through which a firing signal activates the
transfer. The transfer operator finds component-level
orders, which will be delivered to corresponding virtual
components through two output ports. When the virtual
components complete the orders, they inform the transfer
operator of the end of orders through two input ports.
Afterward, the transfer operator finds the next order to be

(a) Main webpage for screw threads generation

Fig. 15 a Main webpage for
screw threads generation.
b Information for screw threads
generation. c Details of each task
for screw threads generation.
d Browsing mode for generating
the screw threads
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executed. The above procedure is repeated until the transfer
is completed. As for the unit model corresponding to the
transfer operator, it can be depicted as follows:

Ein=[CF, VCn, VCm]
Sss=[Wait, Next order, Issue order]
Eex=[VCn, VCm]
Ft_in(Next order)=Issue order
Ft_in(Issue order)=Next order or Wait
Ft_ex(Wait, CF)=Next order
Fout (Issue order)=VCn or VCm

Fad_t: Sss→Real: time advance function

3.3 State manager and flow controller

The state manager maintains decision parameters represent-
ing the screw threads machining state, and the flow
controller chooses friable transfer according to the decision
parameters. Figure 12d shows the state transition diagram.
Whenever there is a state change of a virtual component, it
should report to the state manager through the
corresponding input port, then the state manager has to
reflect the change the decision parameters and the state of
virtual component. Meanwhile, any change in the decision
parameters, the state manager should report to the flow

(b) Information for screw threads generation

Fig. 15 continued.
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controller through the output port. As for the unit model
corresponding to both, it can be described as follows:

State manager:

Ein=[VC1,…, VCn], where n is the number of virtual
components
Sss=[Wait, Refresh]
Eex=[CF]
Ft_in(Refresh)=Wait
Ft_ex(Wait, VC1 or,… or VCn)=Refresh
Fout (Refresh)=CF
Fad_t: Sss →Real: time advance function

Flow controller:

Ein=[MS]
Sss=[Wait, Firable transfer]
Eex=[OT1, …,OTn], where n is the number of transfer
operators
Ft_in(Firable transfer)=Wait
Ft_ex(Wait, MS)=Firable transfer
Fout (Firable transfer)=OT1, … or OTn

Fad_t: Sss →Real: time advance function

Whenever the stage manager reports a state change of the
system, the flow controller makes a decision on friable
transfers based on the flow control logic. If there is a friable
transfer, the flow controller gives an order to fire the transfer
through the corresponding output port.

Figure 13 illustrates a simplified example of a tasks
schedule model for machining the internal screw threads by
manual. There are two virtual components—holder of
straight chasers (VC1), straight chasers (VC2), and vise

(VC3), one transfer operator. The pair model corresponding
to the tasks schedule model is described as follows:

Tasks schedule model TSM: PA={Ein, Eex, UN, Rin_ex,
Rout_ex, Rp_in, Spick}
UN=[VC1, VC2, VC3, OT, MS, CF]
Rp_in=[(MS.O1×CF.I1), (CF.O1×OT.I1), (OT.O1×
VC1.I1), (OT.O2×VC2.I1), (VC1.O1×MS.I1), (VC1.
O2×OT.I2), (VC2.O1×MS.I2), (VC2.O2×OT.I3), (OT.
O3×VC3.I1), (VC3.O1×MS.I3), (VC3.O2×OT.I4)]
Spick :2

UN−Φ→UN : tie-breaking selector

In summary, a decision module is composed of four sub-
modules. While the four sub-modules are implemented as
unit models, the whole tasks schedule model is executed as
a pair model, including those unit models and pair relations
among them. The main objective of mathematical formal-
ism is the decision of the whole manufacturing process. The
essential data and references are retrieved automatically
from the requirement tier and resource tier (as shown in
Fig. 9). Then, the result is transformed into the task
schedule model and is shown in format of html pages (i.
e., tasks schedule table). Finally, the whole manufacturing
process is visualized in the representation tier (as also
illustrated in Fig. 9).

4 Implementation aspects of the system

In a web-based virtual manufacturing environment, the
developed system is accessed by users on the client side. In
planning tasks schedule model, a DB server, which stores

(c) Details of each task for screw threads generation

Fig. 15 continued.
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appropriate manufacturing resource, is designated, and then
planning processes are executed with the retrieved data
from the DB. The tasks schedule model is subsequently
stored in a DB that can be used by other users. Moreover,
the implementation is based on the concept of the OOP
paradigm. As an example, Fig. 14 shows the sequence
diagram to build the tasks schedule model, which is
represented by UML. A message is generated by user and
sent to the client program to retrieve all information from
the DB. Then, the chosen screw threads are again sent to
the client program to get its cutter and tools. By a java class
name VR object operator, the retrieved models are

displayed on a browser where user interactions with a
VR object occur. For example, the information of screw
threads is used to get all available tools that are related
to the screw threads. The message of tools and VR
objects is sent to the STGS construction class to form a
hierarchical screw threads generation structure by repeat-
edly analyzing the topological tools feasibility. Subse-
quently, the STGS is used to execute the tasks schedule
with the tool selection. The following examples describe
graphic user interfaces (GUIs) of the developed web-based
VR applications in this paper. These GUIs consist of java
applets and browsers.

(d) Browsing mode for generating the screw threads

Fig. 15 continued.
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Example 1 is based on the machining of ISO metric
general-purpose internal screw threads. As in shown
Fig. 15a, when the user enters the Design Mode, a series
of settings will be made using GUIs, which derive the form
of screw threads of R 1 M 10×1.0. After information about
tool list (including choice of tool, grips and fixtures, cutter
and relevant parameters) is confirmed, the system will
automatically generate a tasks schedule table that is easy to
understand for user (as shown in Fig. 15b) except tasks

schedule model. The table includes two sections—Tool List
and Tasks Schedule of Screw Threads Generation—and
they are created through Task-oriented decision approach.
The former contains Information of Screw Threads and
Tool List, where the content of the tool is based on user-
input parameters. The latter lists the detailed machining
process. To view the details of all tasks, simply select
“Details” and look into Details of Task of Screw Threads
Generation, as shown in Fig. 15c. The table illustrated in

(a) Self-practice topics for screw threads generation

(b) Self-practice mode of external screw threads generation through the lathe 

Fig. 16 a Self-practice topics
for screw threads generation. b
Self-practice mode of external
screw threads generation
through the lathe
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Fig. 15c contains Task name, Method, Tool, and Annota-
tion, each of which are provided with actions to be taken
and points of attention. The virtual machining process can
also be viewed in Browsing Mode, in which each step of
the machining process is displayed in correspondence to the
tasks detailed in the tasks schedule table, as shown in
Fig. 15d.

In practice thread machining, learner can choose Practice
Mode from the main page shown in Fig. 15a and then select
the practice topic from the menu on the left-hand side, as in
Fig. 16a. This example uses ISO metric general-purpose
external screw threads R 1 M 15×1.5 for practice, and the
lathe is used to cutting external thread. For each important
step, several items are provided, as shown in Fig. 16b.
Advance to next step is allowed when correct answers are
given by user (single-choice type); otherwise, the system
will return to the topic page.

5 Conclusion and further work

The virtual manufacturing environment over the internet
can deal with a number of what-if scenarios for a product
being designed. It is based on the real-time simulation and
validation to minimize the uncertainty issues associated
with a product development. In this paper, a user-friendly
training platform has been developed that can tackle the
design problem of screw threads and subsequent visualiza-
tion of the screw threads generation process in a virtual
environment. The user may have an overall idea about the
screw threads to be manufactured because of the above
information and procedure. Meanwhile, the proposed tasks
schedule model follows the object-oriented modeling
paradigm and uses four types of modules in this paper:
the virtual component corresponding to the object model
that describes the objects in the system and their relation-
ships, the transfer operator corresponding to the functional
model, which depicts the data transformations of the system,
the state manager and flow controller corresponding to the
dynamic model that represents the interactions among objects
in the system.

There are some beneficial results offered in manufactur-
ing engineering and other fields: (1) It presents an object-
oriented methodology for the modeling and simulation of a
virtual manufacturing environment; (2) VEs provide a
means for users to navigate and investigate an efficient
decision-making over entire process of manufacturing; (3)
the internet technology provides a feasible tool for the data
update and access timely; (4) manufacturing data can be
retrieved through internet by integrating tasks schedule
planning and the web interface; (5) to the implementation
of the proposed tasks schedule model, the paper employs
the OOP design, relational database management system,

and the virtual reality technology. It provides an interaction
between user and virtual components. The virtual platform
generated can build the tasks schedule model and perform
the precise time-dependent 3D simulation for machining
screw threads; (6) virtual manufacturing of products and the
digital mock-up of production scenarios gains a new quality
due to the chosen concept and the consequential use of
methods of virtual reality and multimedia. It is easily
possible to generate setups of new products, test their
functions, and plan new manufacturing facilities.

Because current DFX methods, e.g., design for manu-
facturing, are based on a static manufacturing environment
and the islands of automation and uncertainty are caused by
disregarding resources in real manufacturing conditions,
further work on the integration of existing DFX tools with
the developed internet-based virtual manufacturing envi-
ronment and the evaluation of system efficiency for
applications in a variety of manufacturing tasks is needed.
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