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 among tool axes and tool posture against surface of 
workpiece is required. Therefore, a new planning method 
based on integrated main/post processing system for tool 
posture is proposed [3]. In the proposed method, as shown 
in Figure 3, movable range of rotational axes without 
collision and tool posture against surface is illustrated as 
image for each cutting point with GPU. Then, by referring 
these images, continuous change in rotational axes can be 
planned, while keeping the tool posture.

Cutting simulation for various machining methods
    A NC milling simulation kernel that uses voxel models 
as an underlying representation of workpiece shapes is 
developed to achieve simplicity and efficiency in the 
boolean operations [4]. This enabled better simulation 
performances compared with conventional B-Rep based 
simulators. The adaptiveness also achieved the desired 
balance between model precision and data size. The 
chip area and cutting performance in oval end milling 
of an inclined surface is analyzed [5]. The chip area is 
calculated by the interference of the rake surface and 
the chip volume. The influence of cutting conditions on 
the behavior of the chip area is shown and the evaluation 
value for cutting performance is proposed. The theoretical 

surface roughness in oval end mill is also compared with 
those of a machined surface. The cutting force and the 
chip flow direction are simulated to reduce burr formation 
at the backside of the machined plate in an analytical 
model based on the minimum cutting energy [6]. Figure 
4 shows chip flow model in drilling process. The curved 
lips drill is discussed to reduce the thrust and increase 
the chip flow angle with the orientation and the curvature. 
The counterclockwise orientation is effective to reduce the 
thrust and control the chip flow with the small curvature. 
A curved lip drill is designed with a large radial rake 
angle at the end of the lips based on the cutting simulation.

Process planning for high performance machining
   Multi-tasking machine tools, which have the milling 
function in addition to the turning function, are very 
useful to manufacture complicated workpiece efficiently. 
However, it is very difficult to generate NC programs. 
Therefore, CAM system is developed which can recognize 
part configurations, calculate tool paths automatically 

Figure 3: Movable range illustrated as image [3]

Figure 5: Framework for machining of soft object [8]

Figure 4: Chip flow model in drilling process [6]

Figure 6: Prototype autonomous NC machine tool [9]
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for turning and milling operations, and sort them in 
machining order [7].
    To realize a high-precision soft object machining 
in small lot production, end milling with adaptive 
workpiece support is proposed [8]. Figure 5 shows the 
proposed framework for machining of soft object. A rapid 
prototyping technology enables to realize the automatic 
fabrication of adaptive support tools. Effects of the 
adaptive workpiece support for thin-walled soft objects 
are investigated by measuring the machining error of 
machined workpiece. The results show the accuracy for 
soft objects machining can be improved by appropriate 
insertion of dedicated support tools.

Challenging approach for future machining
    Most machining tools are controlled by NC programs 
in order to achieve unmanned machining operations with 
high precision and improved productivity. However, all 
the movements of the machining tool are predetermined, 
and all instructions coded in the NC program are 
performed sequentially. Therefore, since the cutting 
process is not adaptable during unmanned machining, 
the cutting conditions should be set conservatively to 
avoid cutting difficulties. In order to adapt the cutting 
process, machining strategies have been integrated into 
an autonomous NC machining tool developed under 
digital copy milling concept as shown in Figure 6 [9]. 
By using copy milling principle, the machine tool can 
generate a tool path in real time to avoid tool breakage 
and to stabilize cutting load during a milling operation. In 
machining strategies, feed speed, radial and axial depths 
of cut are adapted according to cutting load detected from 
load cells in the machining table. Successful end milling 
experiments verified the effectiveness of the developed 
machining strategy.
    An improvement of design efficiency of machine tool 
structure is discussed in the stage of conceptual and basic 
design [10]. An interactive system has been developed for 
designing machine tool structure. The distinguishing point 
in this system is that several conceptual beams are used to 
compose the total structure of machine tool because it is 
easy to analyze the static, dynamic and thermal properties. 
By converting the beam structure into an actual structure, 
the conceptual and basic design is completely finished. 
Consequently, the use of the interactive system allows the 
designer to complete structural design of a machine tool in 
a shorter time with higher efficiency.

Summary
    The article describes advanced manufacturing system 
and software presented at LEM21-Osaka. Future 
manufacturing will be deeply supported by using these 
manufacturing system and software introduced here.
    It is no exaggeration to say that the human society 
has progressed with manufacturing. The manufacturing 
technology is the driving forces behind the sustainable 

growth. In order to realize more effective and productive 
manufacturing and to create an affluent society, it is 
increasingly important to develop more highly advanced 
manufacturing system and software.
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