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Abstract: The dilemma of tool design and manufacturing in China is analyzed, and a new way of coping
strategy is put forward. By introducing MBD technology into tool modeling, the expression frame of MBD data
set in tool modeling is expounded, and the concept of parameterization is introduced in the new MBD model of
end mill, and a three-dimensional parametric model of end mill based on MBD is proposed. Application of this
modeling method enables the end mill model to direct manufacturing process directly in 3D, facilitating
researches on the use of tools in digital manufacturing in China, simplifying production, shortening cycle times,
and reducing errors and helping to meet industry standards.
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1.Introduction

With the rapid development of manufacturing industry at present, end mill plays a very important role!". In
order to make theprogress of end mill design / manufacturingeasier and faster, this paper introduces a MBD
technology in tool modeling as it is a high-performance free-form surface processing tool, so that the exchange
of information between design and manufacturing cannot entirely rely on the integration of information systems
while maintaining an effective connection. It can express the designing idea of end mill better through a series
of standard methods, and has a stronger expression force, while breaking the design / manufacturing barriers.
The design / manufacturing features can be easily read by computer and engineering staff rather than the
traditional definition of method can only be interpreted by engineering staff, this effectively solves the design /
manufacturing integration issues. Due to kinds of different angles and sizes of end mill, modeling process
becomes more complicated. If different edge diameters and parameters of the end mill need to re-establish a
model, it will make the modeling process very cumbersome which will result in low design efficiency and
extended production cycle. Therefore, the parametric design process of cutting tools has become an urgent focus
research. The structure and shape of end mill have certain standards and they are a serialization of products, the
same type of end mills have the same or similar structural features, but size, angle and other parameters are
different. Based on the analysis of the MBD technology concept and connotation of the technology, a parametric

technology is introduced into the MBD model and a new parametric modeling of the end mill is established.

2. The MBD dataset in the end mill

The MBD dataset integrates all information of the whole product, from the beginning of the design to the

final assembly of the whole process, and including the geometric and non-geometric information of products as
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well as the information in its 3D model. The MBD dataset of the end milling cutter is classified in detail, as
shown in Fig 1.

The MBD dataset for a complete tool contains a variety of information functions, the geometric set of 3D
tool model is associated with 3D geometric information of tool,the tool process information and information on
tolerances, dimensions and notes necessary for the manufacture of the tool. Through the MBD dataset, we find
that the entire MBD dataset contains two categories of data:

(1)Geometric information of the tool, it refers to the design model of the tool, which contains a large number
of shape features: holes, grooves, cavities, points, lines, etc.

(2)Non-geometric information of the tool, these non-geometric information are usually stored in the
specification tree, they do not exist alone but attached to the geometric shape of these design models, such as
size, tolerance, roughness, etc. However ,there are still some non-geometric information are not associated with
the design model, but they exist alone in the specification tree of MBD data set , such as annotation, heat

treatment methods, etc.

End Mill MBD Data Set«
A

Three - dimensional Label« Annotation+
model of end mills i :
A
Geometric Auxiliary geometry Engineering Material Standard
information~ information« annotation« information« annotation«
Annotation« Dimensional Geometric Surface
tolerances tolerance+ roughness+
Y A
| | | I
Shape dimension Position size Shape Position
tolerance« tolerance« tolerances tolerance«

Figure 1 MBD dataset of end mill

3.The 3-D parametric modeling of end mill which based on MBD

Parametric design is a subject which is put forward in the practical application of CAD technology, that is to
establish the corresponding relationship between the graph constraint and the geometric relation and the
dimension parameter, by changing one or more dimensions of a figure, or modifying the part parameters that
have been defined, it automatically responds to changes in the size of the relevant part of the graph, thereby
completing the driving of the graph'®. In the traditional design method, the product design cycle is long,
repetitive workload is large, the design efficiency is low, leading to the lack of competitiveness of enterprises, to

seek a new design methods will be imperative, the parametric design method came into being. Compared with
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the traditional design method,the biggest difference is that parametric design stores the whole process of design,
and it has incomparable advantages for the parts with similar structure design.After more than ten years of

development and application, parametric design is proved to be an advanced and efficient design method.

3.1 End mill modeling
This paper used nine sets of standard data in "GBT6117.1-2010 Straight End Milling Cutter" as an example.

Through the following modeling process three-dimensional solid end mill model can be established, and it
associates with other dimensions in the modeling process, a template based on the MBD parameterized end mill

is obtained. The modeling process is shown in Fig 2, and the form of the end milling cutter is shown in fig 3.

Stretchinge | Groove: |—p) Weeks blade The parameters«
( Form the bar)~ parameters+ of the blade«
Complete MBD data Blade | GASH

model+ sete characteristics« features«

Figure 2 Modeling process

technical requirements

1. Theworking part of the end mill with WEMOSCrd4 V2 or the same
performance of high-speed steel (code HSS) manufacturing, it can
also be manufactured with wihMOScrdv 2Al or more than the same
performance and high-performance high-speed steel {code HSS-E)
2. End mill handle be manufactured with 45 stesl or other gradss

of steal equivalent performance

3. End mill working part. 3 HRC ~ 66 HRC. End mill handle: not less
than 30 HRC

4. The surface should not have cracks, cutting edge should be sharp,
there should not be chipping, blunt mouth and grinding burms.

Figure 3 Generates the end mill template

3.2 Generate parametric model of end mill

Here part of the parameterized data is inserted into the Excel table taking 9 groups of standard data in
"GBT6117.1-2010 Straight Shank End Milling Cutter" as example. Using the parameterized model that has
been built to change the parameter values, nine standards short-edged end mill models of different sizes are
generated. The data sheet is shown in table 1, and the resulted parametric model of the overall end mill is shown

in Fig 4.
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Table 1 The key parameter table of parametric modeling of end mills(unit: mm)

The length of the The blade helix

Serial Blade diameter The blade length
number d cutter lead i
L P
1 9 69 45 19
2 10 72 50 22
3 11 79 55 22
4 12 83 60 26
5 14 83 70 26
6 16 92 80 32
7 18 92 90 32
8 20 104 100 38
9 22 104 110 38

technical requirements

1. The working part of the end mill with WEMOSCrd4\W2 ar the same
performance of high-speed steel (code HSS) manufactuning, it can
also be manufactured with wEh05crdv2Al or more than the same
performance and high-performance high-speed steel fcode HSS-E)
2. End mill handle be manufactured with 45 steel or other grades

of steel squivalent performance

3. End mill working part, 3 HRC ~ 86 HRC. End mill handle: not less
than 30 HRC

4. The surface should not have cracks, cutting edge should be sharp,
there should not be chipping, blunt mouth and grinding burns PRLS

Figure 4 Parametric model of end mill

Introducing MBD technology in tool design / manufacturing makes the three-dimensional solid model
become the only basis in manufacturing, changed the traditional manufacturing methods which gave priority to
engineering drawings while the three-dimensional solid model supplemented by manufacturing methods. There
are three advantages: (1) Realizing a single data source to ensure that the uniqueness of the tool design
data;(2)Eliminating inconsistencies possibility between the dual-source data; (3)Making tool data management

more convenient and improve data security.

4.Conclusion

This paper mainly introduces the conception of MBD and datasets by a detailed way. Based on the MBD

technology, the MBD model of the three-dimensional parametric milling of the whole end mill is established; all
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process information in a three-dimensional tool can be completed under the integrated environment are found,
without two-dimensional drawings. Compared with the previous two-dimensional drawings, three-dimensional
process can be very intuitive to see the formation of each model process, as well as the relationship between all
the machining information and the machined features in each process, which will help enterprises reduce the
overall end mill time to be listed on the market to reduce operating costs, and help users address design
challenges in specific industries and make the MBD technology system have a qualitative leap in the cutting tool

manufacturing.

Acknowledgements

This research was financially supported by project from education department of Shaanxi Province (NO.
16JK1366) and president fund from Xi'an Technological University (NO. XAGDXJJ1404).

References

[1]MaShihui. ParametricDesign and Finite Element Analysis Fir a Helical Ball-end Cutter[D]. Lanzhou:Lanzhou
University of Technology,2009.

[2]YaoLiangliang. The Design and Development of High-power Tractor Drive Axle Modeling System[D]. Hefei:Hefei
University of Technology,2010.

[3]Alemanni M,Destefanis F, Vezzetti E. Model-based definition design in the product lifecycle management scenario[J].
International Journal of Advanced Manufacturing Technology,2011,(1/4):1-14.

[4]QuZhi,TianXianwei,Li Chunwei. The Application of MBD Technology in Aircraft Design[J] . Aeronautical
Manufacturing Technology,2013(13):103-106.

[S1Jean Thilmany. Digital Tolerance: Model-based Definition Could Spell the End for Traditional Drawings, But First,
There's an Issue of Trust to Address[J]. MechanicalEngineering. 2010, 132(7): 32-34.

[6] Hu Baohua,Wen Libo,Yang Gen Jun,etc.Design of 3D Digital Assembly Process Based on MBD and Application of
Field Visualization Technology[J]. Aeronautical Manufacturing Technology,2011(22):81-85.

[7] Pan Kanghua. The Key Technology and Application Researchon Three Dimensional Design Standards With the
Mechanical Products Which Based on MBD[D].BeiJing:Mechanical Science Research Institute,2012.

146





