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Abstract
In this paper we propose and investigate the possibilities offered by a new approach 

milling sequences helps the process planner in understanding and setting the opti-
mal strategy to reduce the part’s machining time. Most previous chaining approach-

a new approach adapted to complex parts with a multitude of 5-axes orientation, 
focusing on our restrictive chaining algorithm based on the previously extracted 
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1 Introduction

-
ware studied the recognition of manufacturing features which included in-
herently their chaining strategy. Then, the system studied how to sequence 
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the milling of these machining features. Within our approach, developed 
in the scope of the USIQUICK Project [9], we treated the problem in a 
completely different manner. Instead of translating the part into a set of 
machining features and pursuing with the process plan, we go to the low-
est level of the part geometry, enrich it with information and propose a 
chaining strategy to deduce the manufacturing sequence. For more infor-
mation, please refer to [1, 2, 4, 11].

-
ing sequences based on a restrictive chaining algorithm split into two main 

2 State of the Art 

Three generic major steps can be highlighted in the literature survey on gen-

on a part from the solid 3D model, the second deals with matching a ma-
chining operation to a feature, while the last groups the process operations 
into set-ups and sequence operations within each set-up. 

Considering feature recognition, most approaches rely on the attributes 

parts; therefore the tool axis is constant during the machining and is eas-
ily extractable from the overall shape [10]. Techniques for 5-axis features 

To conclude, most approaches mainly focus on geometrical aspects to set 
-

facturing constraints other than generic rules affecting geometry. Gaines et al. 
[3] propose an approach to construct complex features considering existing 

-

feature set considering various tool axis orientation for prismatic parts. 
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The proposed approach is quite innovative because it relies on the extrac-
-

chain sequences of planes encountered on aircraft structural parts, but is not 
limited to this family of parts. Techniques to extract machinability attributes 
from planar surfaces in a 5-axis context are detailed in [5].

3 The Restrictive Chaining Approach 

In the following we present the main guidelines for the restrictive chaining 
-

Fig. 1: Studied mechanical part 

The general algorithm is essentially composed of two main phases: sec-
tion 4 and section 5. The input would be a mechanical part. First, all the 
EMFs related to the current mechanical part are extracted. Once we obtain 
the EMFs, we study all the possible face sequences based on a 7 step se-
quential algorithm presented in section 4.

manufacturing constraints. A sequence is a continuous chain of faces that 
are potentially machinable along the same machining strategy. Machining 

machining sequence. Different face sequences computed in the previous 
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4 Face Sequence Extraction 

-

EMFs, Elementary Machining Features, are nothing but the different faces 
of the CAD part completed with many technical attributes. These attributes 

-
ent Machinability Analysis conducted along the many computed attributes, 
enable the face to search in its surrounding which other faces to machine in 

are the potential manufacturing tools to be used.
As told before, an EMF integrates a lot of attributes. We shall now intro-

Face type: this basic attribute refers to the face geometrical type. An EMF can 
be a planar face, a cylindrical face, a conical face, ruled face. An EMF face 

-
ween two others that perform certain functionality, or if the face is a stand 
alone face.
Machinability factor -
ling, and the attribute is added to the face. Some planar surfaces are sui-
table for both milling modes, it is then up to the chain sequence to force a 
certain machinability factor
Machining directions: the face different machining directions are the 
main input used in the second phase of our algorithm. Based on trade 
rules and common sense of process planners, an automation to extract the 
potential machining directions is applied on the part and stored within the 
EMF object.

Finally, an EMF is an attributed face. From all the EMFs, we generate an 
attributed face adjacency graph called a ‘chaining graph’, where each node 
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4.2 Chaining Links

differentiation is made through the sharpness of the common edge between 
two different parts. The sharpness is the term used to describe on how the 

Fig. 2:

-

light green set the guidance.

4.3 Chaining Graph

forward proposition to the different sections that we’ll be realized. The 
chaining graph is a normal part chaining graph which explicit the surround-

planar surfaces that will be end milled.
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4.4 Chaining Algorithm

The algorithm relies heavily on the ‘smart face’ ability to understand its 

2 Pocket chains construction

-

milling chains where simultaneous machining is usually performed. 

side or series of end milling EMF in multiple depressions.
4 Contouring chains construction

It is to mention contouring chains recognition is not restrictedly based on 

5 Flank milling ruled driven
The remaining ruled surfaces still unaffected to any sequence can propagate 

-

6 End milling chain

together.

would not indicate any chain. However in the particular case of being 
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Fig. 3:

By processing these steps, the majority of face chain sequences will be 
found. Tests were made on multiple parts and proved the proposed algorithm.  

-
proach of a machinability analysis, and the results are to be presented for 
the process planner to approve or to reject them. Sometimes, the same face 
belongs to two different sequences. That is often an indication that this face 
might be split and manufactured through two different chaining sequences.

4.5 Algorithm Execution

We propose to present how the algorithm proceeds in order to better ex-
plain the method to obtain the face chain sequences. We assume the EMF 

we end up the closed chains we pass to step three and studying open chains. 

requirements, we won’t show the next algorithm steps. However, the extrac-
tion process is the same.
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Fig. 4: Algorithm execution

Feature recognition and machinability analysis are local analysis phases 

phases are alternatives elements, such as a combination {feature, operation}, 

these alternatives elements to generate a plan that is optimal considering 

machinability analysis: it is clustering elementary elements into chain se-
quences in order to ease the set-up planning activity reducing the number of 
elements to deal with. Although no decision relative to the generation of the 

-
-

ing them to the planner. Given a machine-tool, the idea of this restriction 
is to propose the list of alternatives chaining sequences that are possible as 
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5.1 Manufacturing Fixture Constraints

The global constraints considered in this paper are due to the limitation of the 

Fig. 5: Rotational Constraints

overcome the possibility of rotation of the spindle about axis A. Therefore, 
-

considered machine-tool.

Fig. 6:
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The main idea is to add an extra step to the algorithm of section 4 in 
order to restrict the theoretical chaining considering some constraints that 

-

that are needed in the sequence.

5.2 Algorithm

The algorithm relies on an existing visibility based algorithm developed by 
-

based model that represents the minimum rotations needed on A and B axis 
for the spindle to reach the considered machining directions.

Fig. 7: Kang’s algorithm

max[ , , -
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0. Initialize i=1
1. Check the feasibility of the theoretical chain CS
  Compute the minimum spherical rectangle

  rotational axis ranges 
  ‡ If not  2 else CS is machinable

3. Construct the Sub-Sequence of CSi*

3A. Extract machining direction CSi*
  Compute the minimum spherical rectangle of CSi*

  rotational axis ranges
  ‡
    ‡ Substract the face Fj from CSi*, store the machin-
able
  sub-sequence CSi* . 
GOTO 2 with i=i+1

6 Results

From an initial chaining sequence, the presented algorithm may split it 
into sub-sequences that are locally achievable on the given machine-tool. 
Some faces may be present in several sub-sequences. The selection of the 

set-up planning phase, considering global constraints from feature interac-

Depending on the wishes of the planner and the process planning strat-
-

quences could ease the set-up planning orientation or the decision about 
the number of required set-ups.
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7 Conclusion

This article presented an inherent manner to compute the machining sequenc-
es. The result allows the process planner to imagine all the potential machin-
ing chains he can apply to realize the part. This effort done in a post design 
– pre process planning - phase provides essentially a certain understanding of 
the design which can reduce the time needed for the process plan generation 
and thus the total cost. This effort is being realized with Dassault Systemes 
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