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DECOMPOSITION OF FORGING DIES FOR MACHINING PLANNING

Laurent TAPIE, Bernardin Kwamivi MAWUSSI, Bernard ANSELMETTI

Abstract: In this paper we present a method of decomposition of forging dies during High Speed
Machining (HSM) planning. The decoposition process lies on the creation of machining features. The
decomposition phase, called Basic Machining Features Extraction is presented. The decomposition
method integrates machining resources models and expert machining knowledge to provide an outstanding

process planning.
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1. INTRODUCTION

Recent expands of High-Speed Machining (HSM) technol-
ogy and Computer-Aided Machining (CAM) software,
lead forging die makers to invest in these technologies.
Indeed, several works underline the productivity and part
quality gains involved by HSM [1]. Yet, the difficulty
inherent in milling forging dies lies in developing an
outstanding machining process by using HSM.

In this paper an original approach to develop die high
speed milling process is provided during the finishing
machining stage. This method lies on the die decomposi-
tion in machining feature. In the first section of the pa-
per, a machining features definition model is provided in
the case of three axis finishing HSM. Then, according to
this model three levels of decomposition are highlighted:
geometrical decomposition under topological constraints,
machining resources integration and machining tool path
arrangement. By the way of these three decomposition
levels five typical basic machining features are defined
from the analysis of several forging dies CAD model.
After the presentation of the machining feature model the
basic machining feature extraction method definition is
detailed in section 3. Finally, the basic machining feature
detailed in section 3 are extracting from an industrial
application.

2. FEATURE MODELING APPROACH

The feature modelling approach offers the possibility
to bring out more information by the way of CAD model
surface. Indeed, a feature is generally composed by geo-
metrical data associated with a semantic [2]. This se-
mantic can carry out several information useful for part
designer or manufacturer. Yet, few research works are
developed in the field of machining feature modelling.
Sun provided in [3] a decomposition in freeform features
for die and mould. This decomposition is composed of
two levels: multi-tool decomposition level and geometri-
cal decomposition level. Nevertheless, in that approach
the machining process is not really integrated in the ma-
chining feature semantic. So, in this section a generic
machining feature model is provided and applied in the
context of forging die machining.

2.1. Forging die machining feature model

The core of this model relies on a Unified Model
Language (UML) [4] machining feature model (Fig. 1).
Four main classes are defined. The surface class is repre-
sented by the CAD die model. Typical surfaces used to
model die part are given in [5].

The topology class represents the relationship be-
tween machining feature. Interference topology and
proximity topology are the two main topology types.
Some types of interference topology are detailed in
Fig. 2. For instance, the feature E2 leans on E1 with an
opened island junction done by feature B1; E2 leans on
E3 with a closed cavity junction done by B2; E4 leads
into E2 with an opened flank junction done by B3; B3,
B4 and B5 are interfere with each other, this interference
topology is done by the blend feature B3-4-5. Some,
proximity topology types are detailed in Fig. 3. For in-
stance, E5 and E6 features belong to E2’s domain in
totality; E3 partially belongs to E2’s domain; E3 stands
higher than E1.
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Fig. 1. UML machining feature model.

Fig. 2. Interference relationship examples.
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Fig. 3. Proximity relationship examples.

The technology class gives the needed requirements
for forging process. In the method this three classes are
considered as data given to machining expert.

The last class, called “machining process”, represents
themachining expert point of view. In the case of die
machining this class is detailed according to the model
represented in Fig. 5. Thus, the machining process repre-
sents the aggregation of three classes. The tool angular
position class represents the tool axis direction which can
be reached according to die shape without any global
interference. This class can be added with a direction
map as detailed in [6]. In forging production the forging
part must be extracted in one direction. Consequently, an
extraction direction is associated to the die. This speci-
ficity is integrated in the technology class (Fig. 1). So, in
the case of forging die machining each machining feature
can be machined with the same direction. Besides, three
axes HSM technology is commonly used in die makers
industry. Thus, the model provides a machining direction
similar to the spindle axis.

The machining strategy class represents the CAM
model associated to the CAD model. Thus, this class is
composed of tool trajectory during cutting phase and tool
trajectory during approach or clearance maotions.

Machining resources constraints are also integrated in
our model. The machine tool skills have an important
impact in the feed rate, consequently in part quality and
machining time [7]. Thus, two sub-classes are associated
to the machine tool. The structure class group the ma-
chine tool data: axis stroke, maximum feed rate, maxi-
mum acceleration, jerk; spindle maximum speed, power.
The NCU class groups the HSM close loop control pa-

rameters. A cinematic model of our machine tool, called
“performance viewer” was implemented in Esprit CAM
software [7] to model these classes. The cutting tools
class model is divided in the tool cutting part and the tool
body & attachment. These classes are commonly used in
CAM software in machining simulation to analyse local
and global interference of the tools with the part shape.

3. BASIC MACHINING FEATURE
EXTRACTION

3.1. Extraction Method

The extraction method is composed of four main steps
(Fig. 6): (1) CAM basic tool paths were generated in
several forging die CAD models. These tool paths are
associated to common machining strategies used in three
axis milling: along planar curves in the case of plan
containing tool axis (parallel plane sweeping) or in the
case of plane perpendicular to tool axis (Z-contouring
milling), along planar curves in a inclined plan
(contouring milling), along 3D curves (curve following).
In step (2) cinematic tool paths analysis was performed
with CAM simulation and performance viewer model.
This analysis is based on feed rate slowing down areas
and machining time deduced from the performance
viewer cinematic model. In step (3), these areas tool
paths’ are analysed by the way of expert knowledge.
This knowledge is based on some machining tests and
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Fig. 4. Complex bottom feature.
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Fig. 5. Machining process model.
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Fig. 6. Extraction method.

simulation performed on our machine tool with quality
and productivity criterions. Then, machining features
identified are validated in step (4) and basic machining
features are extracted.

3.2. Basic machining features models

Five typical forging die basic machining features are
obtained according to extraction method.

The “simple bottom” (SB) feature is composed of one
plane perpendicular to the tool axis. By the way of expert
knowledge, to avoid machining with a null effective
cutting speed, this feature is machined with end mill tool.
Thus, a surfacing machining strategy is associated to this
feature. The sweeping mode is chosen according to
topological relationship and productivity criterion.

The “complex bottom” (CB) feature is composed of
one to several surfaces. These surfaces can be repre-
sented by generated cylindrical surfaces with a direction
perpendicular to spindle axis and a planar profile defined
in a plan containing spindle axis direction (Fig. 4). The
machining strategy associated to this feature should be
parallel plane machining. Yet, topological relationship
influence can induce machining strategy adaptation; this
is illustrated in the following section.
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Fig. 7. Flank contoured and followed feature.

Table 1
Blend machining feature process
ComplexBot Flank Flank

tom Contoured | Followed

Simple Bottom | No existence | Contoured 3D curve

Complex Contoured 3D curve

Bottom or 3D curve

Flank Contoured
Contoured or 3D curve

The “flank contoured” (FC) feature is composed of 1
to several ruled surfaces with a planar generatrix curve
(Fig. 7). The machining strategy associated to this fea-
ture is contouring machining along curves defined in
generatrix plan.

The “flank followed” (FF) feature is composed of 1
to several ruled surfaces with a non planar generatrix
curve (Fig. 7). The machining strategy associated feature
is machined along 3D surface generatrix curves.

The “blend” (B) feature is composed of blend sur-
face. This surface assured the topological relationship
between the last four features. This feature model is
based on the model provided in [5]. This feature is ma-
chined along 3D curves or contoured according to the
basic features in topological relation (Table 1).

4. INDUSTRIAL APPLICATION

Our method is applied to the generation of the ma-
chining process of the industrial die shown in Fig. 8.
First, the die decomposition in basic machining feature is
given. Then, topological relationship is deduced from the
model associated to the topology class. For instance, FF1
“leans on” CB1 with an opened cavity junction and
“leads into” FC2 with an opened flank junction. By the

SBi: Simple Bottom i

CBi: Complex Bottom i
FCi: Flank Contoured i
FFi: Flank Followed i

CB3

CB1

Fig. 8. Basic machining features identification.



Fig. 9. Complex Bottom machining feature adaptation.

way of this decomposition each basic tool path is gener-
ated. CB1, CB2, CB3 are swept with up milling (one
way) in parallel plane containing tool axis and perpen-
dicular to the generatrix of CBi. FC1, B2 are contoured
with up milling in plane parallel to CB3. FF1, FF2, B4,
B5 are swept with up milling (one way) along generatix
of ruled surfaces defining FF1 or FF2. FC2, FC3, FC4,
B6, B7, B8, B9, B10 are contoured with Z-level up
milling (one way). HP1, HP2, HP3 are surfaced with a
morph out spiral and up milling (one way). B1 is swept
along is generatrix curve with up milling.

Then, basic tool paths are adapted according to
topological relationship and the productivity criterion
given by the “performance viewer”. For instance, FC1
“leans on” CB3 with a closed cavity junction. Conse-
quently, to minimise tool retractions and approaches,
CB3 is machined with a spiral from the centre to the
outside limit of CB3 (Fig. 9).

For CB2 basic machining process, the “performance
viewer” reveals areas where the feed rate is not reached.
CB3 interference topological relationship with FF1 and
FF2 induces these feed rate loss. So, feed rate loss areas
detected are machined with FF1 or FF2. This adaptation
is validated by the “performance viewer”, machine tool
cinematic behaviour is better.

5. CONCLUSION

In this paper, a method of decomposition with a feature
modelling approach is presented. This method lies on a
machining feature model including geometry, topology,

technology of forging die and high speed machining
resources. Class object UML language is used to design
machining feature. Five typical machining features are
extracted from our method.

Our future works will be focused on defining topo-
logical rules by the way of the importance of the linkage
between basic machining feature topology and machin-
ing process.
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