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Abstract

Process dimensioning, as an important component of 3D process design, is the key to realize the high integration of computer-
aided process planning(CAPP)and computer-aided design (CAD) in intelligent manufacturing. At present, the product design
dimension cannot express the process requirements, and the dimensioning method cannot meet the requirements of the rapid
creation of the process model. For this reason, an intelligent generation method of process dimension for 3D process design is
proposed. Firstly, the process dimension is divided into two types: the shaping dimension and location dimension. The shaping
dimension is created based on removal volume, and the location dimension is generated based on using the constraints of
features. Secondly, the association method of “feature-dimension-removal volume” model is created by analyzing the correlation
between the feature, dimension, and the removal volume. Then, the constraint relationship between dimension and dimension
priority of the process dimension is established to construct intelligent inspection method for process dimension. Finally, a plate

part is used as verification object to verify the feasibility and effectiveness of the proposed method.

Keywords Process dimension - Machining removal volume - Feature constraint - Intelligent dimensioning

1 Introduction

Nowadays, with the development of computer technology and
manufacturing automation, intelligent manufacturing has be-
come the future development direction of manufacturing in-
dustry. In the process of product development, product design,
manufacturing, and others are gradually transformed to intel-
ligent. Meanwhile, model based definition (MBD) technology
is becoming the only efficient and accurate carrier to express
the information of product data model parts, which had in-
cluded dimension, shaping, and position tolerance, roughness,
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and surface heat treatment. However, in current research of
CAD, how to automatically generate dimension in a satisfied
way still has not been found and has been a tough problem
during the process design. Dimension information is an im-
portant part of process information. As we know, dimension-
ing accounts for 20%~40% of the total engineering drawing
work, which is time consuming and error prone [1]. At pres-
ent, in the MBD model process design, the design dimension
has realized the automatic dimensioning, but the design di-
mension still cannot express the process information accurate-
ly, and the existing design dimensioning methods cannot be
used into the process of intelligent dimensioning process.
Process dimensioning still requires manual interaction by de-
signers, which not only leads to low labeling efficiency, but
also cannot ensure the integrity of tagging information.
Therefore, it is necessary to realize fast, reasonable, and clear
dimensioning method for 3D process.

Since using of computer dimensioning technology has
been widely accompanied in products design, automation
and intelligence have always been the ultimate goals of the
development of advanced manufacturing technology. The
shaping dimension and location dimension just only express
the final machining dimension in the design model. And it
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cannot express the removal material volume during the ma-
chining process. Besides, due to the lack of process dimen-
sion, the worker cannot understood the machining process
well. So compared with the design dimension, the material
quantity directly can be expressed by the process dimension
in the working procedure model, the part processing can be
guided, and the process inspection can be realized through the
process dimension. In the 3D process design, the dimension-
ing of the model is associated the process data with the solid
model such as dimension information. However, due to the
fact that the datum is not uniform and the single feature di-
mension is associated with multiple steps, the process dimen-
sion cannot be directly obtained from the design dimension
conversion. Therefore, the intelligent dimensioning of process
dimension which contains process information needs to be
studied. So recently, we developed a prototype system that
is named MPD Processor for the feature-based representation,
and it can be seen as the carrier and basis of the manufacturing
information. The proposed system would be helpful to create
the process dimension in working procedure model.

However when designing the MBD model, a large number
of three-dimensional working procedure models need to be
constructed, so as to meet the needs of detailed process design
and key process inspection. There are strict constraints of pro-
cess and dimension between three-dimensional working proce-
dure models. For traditional 3D process model, the dimension
change cannot be reflected by the overall dimensioning and it is
a disadvantage to inspect after processing of a single process.
Therefore, the process dimension of the working procedure
model can be obtained quickly and accurately by analyzing
the constraint relationship between machining feature and
working procedure model. In this paper, the entire process di-
mension can be divided into two types which include the shap-
ing dimension and location dimension. Because of the design
model, design dimension cannot express the machining proce-
dure. So we focus on working procedure model that can direct-
ly express the machining process. Then the shaping dimension
of removal volume in every procedure can represent the shap-
ing dimension of process and the location dimension of ma-
chined feature can represent the location dimension of process.
After that, the constraint of each geometric element can be
qualified by the related geometric elements and constraints.
Based on the above steps, an intelligent way of checking the
complete, missing, and standardized dimensions is proposed.
As a result, process dimension can be automatically and intel-
ligently generated.

The remainders of the paper are organized as follows: In
Section 2, we give a brief review of related works about au-
tomatic intelligent dimensioning. In Section 3, the process
dimension organization and management methods of removal
volume are discussed. In Section 4, the intelligent method of
creating process dimension is studied based on the association
method of “feature-dimension-removal volume” model. In
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Section 5, a complicated model is used as an example to dem-
onstrate the effectiveness of this method. Section 6 concludes
the main contributions and discusses the research issues in the
future.

2 Related works

Recently, the intelligent dimensioning technology has become
an active research topic and volumes of literature have been
done in computer-aided design and computer-aided
manufacturing (CAD/CAM) field. Those works surveyed
here are very closely related to our research. In this section,
the related works on the automatic generate dimension, auto-
matic intelligent generate dimension, and the standardization
and completeness of process dimension are reviewed.

2.1 Study on automatically dimensioning in the
process design

In order to realize the intelligent dimensioning of process di-
mension, after about 40 years of research, scholars have car-
ried out a lot of researches for dimensioning.

As for intelligent process planning design, an intelligent
method of process planning design was proposed by Liu
et al. [2, 3]. Firstly, they proposed an algorithm to map the
protrusion feature on the slanting face (PF-SF) to its
manufacturing feature volume (MFV) based on the geometric
reasoning method and the backward growing method. And
then in order to create the working process model (WPM),
they also putted an algorithm to mapping machining features
to manufacturing feature volumes from B-rep of mechanical
part. At the same time, Liu et al. [4—6] applied the digital twin
technology to the process design and proposed a construction
method based on the digital twin process model. Based on the
processing feature of knowledge evolution, the knowledge of
evolutionary geometric features, the expression method, and
the correlation mechanism between them were solved. Based
on this, the construction framework of DTPM was elaborated.
The processing time was reduced by 7% and the processing
stability was improved by 40%. Jing [7] studied the process
intelligence generation based on knowledge evolution and
proposed the process intelligence generation based on skele-
ton process, which effectively improved the process planning
efficiency. A process dimension tree is created by Youli et al.
[8]. In order to create a complete dimension model, they used
letters with subscripts to represent each surface of the part
during processing, and straight lines were used to represent
process dimensions. Then by using the dimension tree, the
machining sequences of each surface and the process datum
of each process dimension are expressed, and the process
route is simplified. A method of process parameter generation
based on MBD is proposed by Ding et al. [9]. The feature
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information of MBD model can be identified with feature
recognition algorithm. And the non-geometric information
of MBD model also can be extracted by information extrac-
tion algorithm. While the feature information is obtained, the
processing parameters are organized automatically by using
the BP neural network. As for process tolerance annotation, an
algorithm rational for 3D manufacture tolerance synthesis is
developed by Karim et al. [10], which is based on the TTRS.
They developed a manufacturing modeled by a graphical rep-
resentation called the SPIDERGRAPH. Based on above data,
it is possible to identify the location of the functional surfaces
in each functional specification, and all active surfaces can be
detected. So the tolerances are intelligently generated.
Another way is proposed by Zhu [11]. They obtain the assem-
bly tolerance cell and part tolerance cell first. And then these
two types of tolerance cell are extracted and expressed in the
form of linked list structure in computer. Lastly, assembly
dimension chain is searched automatically based on obtained
tolerance cell, and the correct assembly dimension chain is
extracted.

The above researches only focused on the creation of part
of process information in the process, and did not pay atten-
tion to the intelligent creation of process dimension. However,
their research method provides a good idea for us to create
process dimension intelligently.

Dori et al. [12] put forward the graph theory and gram-
mar on the basis of automatic dimensioning in mechanical
engineering drawings, which provided the basic theoretical
for the study of automatic dimensioning. They divided the
automatic dimensioning problem into logical judgment
part and spatial arrangement part, where the logical judg-
ment part is related to the selection of reasonable dimen-
sion. Based on the study of dimensioning theory, an “im-
plicit agreement” in dimensioning of geometric features is
proposed. At the same time, they also put forward two
basic criteria to verify the dimensioning scheme, and
solved the problem of checking the rationality of dimen-
sioning. The graph theory algorithm of partial dimension
automatic generation is studied based on the dimension-
driven model by Serrano et al. [13]. The algorithm use
initial constraints as seeds and generate all constraints
using the connective information of the constrained net-
work so that the machining process do not need to repeat
every time. Another dimensioning method based on prod-
uct model is proposed by Suzuki et al. [14]. They introduce
a dimensional description framework for a solid model.
They used the parameters of dimension to constrain the
geometric faces in the mentioned model. And the model
is described in WFF (well-formed formula in list—order
predicate) model species. This model helps to express and
manages information throughout product design and
manufacturing. Besides, literature [15, 16] summarized
the early automatic dimensioning technology and pointed

out the difficulties that need to be solved. But the technical
details of program implementation were not adequately
described, and these methods were unable to cover all
kinds of dimension and tolerances in engineering stan-
dards. However, most scholars just focus on automatic
generation of design dimensions, and the creation process
of dimensions does not reflect the intelligent creation pro-
cess. At the same time, the design dimension is not equal to
the process dimension, and the design dimension intelli-
gently reflects the dimension of the design model, which
reflects the dimension after the model processing, without
combining the creation process of the dimension with the
actual processing process. Fortunately, they all create the
design dimensions by analyzing the geometric parameters
of the design model, which provides a good idea for us to
create the process dimensions.

As for the intelligent dimensioning of process dimension
research, an algorithm based on feature extraction is proposed
by Chen et al. [17, 18]. The dimension of 2D mechanical part
drawing is automatically generated from the 3D part model.
And the 3D solid model is constructed by using CSG tree and
B-Rep data structure. Then they cluster the part faces into
planes, cylindrical surfaces, and other surfaces (including
sculptural surfaces) to groups. And the dimension feature cod-
ing and artificial intelligence technology are used to determine
the layout of dimensioning, select the appropriate view to
mark the dimension, and display the correct dimension posi-
tion. Finally, the dimensions of plane and cylinder are dimen-
sioned automatically in engineering drawings, but this method
cannot realize the automatic dimensioning in 3D model. A
projection of 3D dimension to 2D dimension is studied by
AN Heng et al. [19]. A fast projection and automatic updating
method are proposed to classify 3D dimension into sketch
dimension, feature dimension, and actual dimension. The di-
mension automatically projects and quickly updates when the
3D model is projected to the 2D view. By matching the rele-
vant elements of the 3D dimension, the system verification is
realized on the Caxasolid platform. An algorithm of automatic
dimensioning based on case-based reasoning (CBR) is pro-
posed by Sun [20], which used the existing drawings’ dimen-
sion information to realize automatic dimensioning of new
drawings. The dimension intelligent generation is realized,
by defining the features of the graphic outputting elements,
creating dimension templates, and finding the most similar
cases with the topology, geometry, and expression function
of the new figure from the case library. Wang et al. [21] stud-
ied the simulation tolerance and the driven dimension skeleton
so that they established a space projection method to generate
the 3D dimension chain. And the corresponding prototype
system is developed on the Pro/E software. Gao et al. [22]
studied the generation strategy on the basis theory of the fea-
ture attribute set (FAS) concept. Using the transmission net-
work search algorithm, the assembly dimension chains are
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automatically generated in the assembly drawing. The proto-
type system integrated is developed based on this method in
the CATIA. After the user specifies the closed loop, this sys-
tem can accurately and automatically generate 3D assembly
dimension chains.

Most of the scholars study on automatic intelligence di-
mensioning 2D dimension in engineering drawing from 3D
solid model. However, they only study the intelligent creation
of 2D process dimension based on 3D model, which is not
conducive to the creation of process intelligence information.
In addition, the above scholars only studied the intelligent
creation of dimensions, without accounting factors such as
dimension completeness.

2.2 Study on geometric constraint solving and
missing dimension inspection

In addition to automatically generating all required dimension,
intelligential dimensioning also has an important problem in
avoiding redundant dimension and accurate dimension. K-Z
Chenetal. [17, 18] also established the strategy and method of
the position dimension priority, based on the cylindrical sur-
face of the mechanical parts according to the characteristic
information. Then they eliminate redundant location dimen-
sion, determine the bit dimension scheme, and display the
reasonable dimension according to the dimension feature cod-
ing and artificial intelligence technology.

A modifiable method to construct a 3D model by 2D engi-
neering drawings is studied by Zou et al. [23]. Then the re-
dundant constraints are detected and eliminated by an optimi-
zation algorithm based on quasi-Newton. Finally, the residual
constraints are transformed into the full 3D dimension of the
model. The triangular decomposition is improved, and the
concept of graph deficit is introduced to reflect the state of
constraint by Joan et al. [24]. A linear method is proposed to
solve a large class of gauge drawing problems by Aoudia et al.
[25]. The over-constraints and under-constraints can be found
through the method of constraint diagram rules as clusters.
Based on the improvement of the decomposition-
combination algorithm, the SDR algorithm is proposed by
Ait et al. [26]. They make up for the feature that the
decomposition-combination algorithm only use the structure
information and neglects the numerical information. On the
basis of previous research, a new method is proposed to solve
the geometric constraints of wide-area parameters by Joan
et al. [27]. The problem of combining constraints in narrow-
range parameters is solved. Literature [28] studied the param-
eter interval, which allowed the geometric constraint system to
be calculated thorough construction method. On this basis,
literature [29] implements the method in the experiment, and
all reasonable parameter boundaries can be calculated accu-
rately, by using the construction method and the gauge draw-
ing method. According to geometric constraint solution and
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constraint dependence analysis, Chen [30] studied the com-
pleteness check sequential dimensioning, which transformed
into the constraint state decision problem of geometric prim-
itive. The concept of trajectory is proposed so that it reflects
the influence of geometric constraints on geometric primi-
tives. Then the rules of trajectory generation and the intersec-
tion types of trajectory pairwise intersection are established. A
3D dimensional completeness check method based on rigid
body recognition is proposed by Liu [31] . The concept of
positioning element is introduced, and the selection mecha-
nism of location tuple based on constant degree intersection is
established. Based on locating tuples, a rigid body recognition
method based on trajectory intersection method is proposed.
After adding the virtual dimension to the rigid body, the com-
bination of the rigid body is realized by using the fixed posi-
tion of the equivalent tuple. According to the combined state
of rigid body and the use state of dimension, four kinds of
completeness state of dimension are analyzed.

The above researchers realized dimension completeness
check by analyzing mapping matrix, but most of the dimen-
sions in the above studies were design dimensions in the de-
sign process, and the dimension completeness check was not
placed in the process dimensions. In addition, the mapping
matrix of dimensioning can only solve the lack of redundant
acquisition in completeness and does not involve the normal-
ization processing of dimensioning.

However, the 3D dimensioning technology has been wide-
ly used in some commercial systems, such as the “PMI” mod-
ule of UG can dimensioned into 3D dimension; besides, the
3D dimension also can be automatically transformed into 2D
dimension in engineering drawings. The Pre/E’s 3D annotat-
ing module provided a function that can be display the dimen-
sion encapsulated in all features. The SolidWorks of
DimXpert module offers the solutions of automatic dimen-
sioning for simple parts. Because of the limited functions, it
will appear as dimensional omissions and redundancies, then
the model is very complex. In conclusion, the automatically
intelligent generate dimension are disorderly and unsystemat-
ic in these commercial software while designing 3D process.

3 Intelligent method of generating process
dimension

3.1 Basic concepts related to process dimension

In order to visualize the dimension of each process model in
machining process, the basic concepts of process dimension,
dimension completeness and standardization are condensed.
Definition 1:
Process dimension (PD) is used to express the removal
dimension and post-processing dimension of each process
during processing. It is composed of shaping dimension of
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machining removal volume (SDR) and location dimension for
feature formation the dimension of the feature formed by after
the machining (LDF); machining features are also called the
predefined machining feature (PMF). Machining removal vol-
ume is expressed and reconstructed by predefined processing
features. The process dimension is expressed as follows:

PD = {y¥ SDRJSY LDF;} (1)

where N represents the number of processes and 7 represents
the ith process.

Definition 2:

Process dimensional completeness and standardization
(PDCS) is the standardized treatment of SDR and the com-
pleteness check of LDF. According to the geometric element
priority, the priority of the annotated elements is selected. This
process is called process dimension standardization. The way
to judge the constraint between features complete is called
process dimension completeness. PDCS is expressed as fol-
lows:

PDCS = PDCspr\IPDS; pr (2)

The differences between process dimension and de-
sign dimension are shown in Fig. 1. There are some
characteristics as follows: (a) The material removal vol-
ume amount cannot be obtained from the design model
and needs interactive calculation. (b) The dimension of
the design model only reflects the design intention and
the process requirements cannot be reflected, so it could
not guide the processing process. (c) The dimension of
the design model only represents the final machining
dimension and cannot guide the inspection requirements
of the key processes.

3.2 Overview the method of process dimension
generation

The framework of the process dimension intelligent gen-
eration system based on feature constraints is shown in
Fig. 2, including process dimension organization manage-
ment based on machining removal volume and intelligent
generation method of process dimension. Among them,
process dimension management is the theoretical basis
of process dimension intelligent generation based on

Design Dimension

Process Dimension

Comparison of design dimension and
process dimension expression

Plane removal volume thickness
dimension 1 mm corresponding to the
specific milling thickness, and design
dimension 11.5 mm only indicates the
shape dimension of the parts after
processing.It can’ t clearly and directly
represent the machining process of the
parts.

410

Convex feature removal requires removal
of 10 mm material to obtain 410 mm, but
design dimension requires diameter of 410
mm. Design dimension only expresses the
final shape of the convex dimension,

can’ texpress processing methods and
process parameters

:éd’O.oO

The hole feature removal body requires
cutting 10 mm to obtain mm. The design
dimension 390mm represents only the
final shape of the depression, not the
rough finish

Fig. 1 The difference between the design dimension and process diemension
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MBD model preprocessing

The relationships of Feature, Dimension and Removal Model
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N
Plane Slope
between feature Removal Removal Feature Feature
Volume Driven Volume

dimension and

Dimension

oval volu classification
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Process dimensional completeness and standardization

3, xe Po; FC—-FF <0, Dimension Missing

Dimension integration
Removal volume Dimension Process Model Dimension -
v v - L - v Feature Dimension Driven Removal Volume
. . . Dimensional completeness Process | |
Standardization of dimensions . .
check Dimension \ 4 k 2
Dimensional Dimensional | Dimension Dimension Expression
priority adjustment | Redundancy missing
v v v ¥
I, xeFa; FC—FF >0, Dimension Redundancy
(M(x)=42, xe€Ed;|PDC=:{FC-FF =0, Dimension Completeness

Process Dimension
Expression

Process model after machining

Fig. 2 Process dimension intelligent dimensioning method

machining removal volume, and process dimension intel-
ligent generation is the ultimate purpose of process di-
mension inspection.

The process dimension management method of machin-
ing removal volume mainly includes two parts: the rapid
modeling method based on dimension-driven removal vol-
ume and the classification of machining removal volume
and the management of process dimension. According to
the relationship between the shaping dimension and ma-
chining removal volume, the three-dimensional model of
machining removal volume is obtained by parametric
modeling. In addition, the process dimension of machining
removal volume is organized and managed according to
the constraint.

The process dimension intelligent generation method is
based on the process dimension management of machining
removal volume, A “feature-dimension-removal volume
(FD-RV)” model is established by studying the relation-
ships between feature, dimension, and removal volume.
Based on FD-RV, the process dimension is converted to
SDR and LDF. And then, the intelligent generation of pro-
cess dimension is studied, after solving the problem of
dimension redundancy and missing in LDF, determining
the dimensioning element priority specification.
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4 Organization and management method
of process dimension based on machining
removal volume

4.1 Rapid modeling method for machining removal
volume by dimension driven

Although the feature of working procedure model is different,
the expression forms between the features are consistent in
terms of attributes. They all use the dimension as expression
carriers. During machining process, working procedure model
geometry has been changing all the time. After each process is
completed, the formed feature are matched with the removal
volume features in real time. The removal of material thick-
ness is directly processed by remove volumes. Besides, the
complicated features are split into simple features which in-
clude the features of hole, cavity groove, plane, slanting face,
arc, and bulge, and processed one by one. So the complicated
features are regarded as a combination of simple features. So
the complex features are regarded as a combination of the
features in the above 6. According to the type of process
dimension, the associated dimension can be divided into six
categories: radius(R), diameter(D), angle(0), taper(y),
length(L), depth(H).
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If a factor changes, the removal volume dimension
will produce a corresponding change. The feature surface
perpendicular to the feed direction is defined as the main
feature surface. When the main feature surface corre-
sponding to arc feature, convex platform feature, hole
feature, and cavity groove feature is changed (R, D, 6,
v, L, or H), the changed dimension is the feature dimen-
sion. So the removal volume dimension is directly relat-
ed to the feature dimension. There is no change during
processing of the main feature surface of plane and slope
features; the dimension needs to be obtained by simple

calculation, so it is indirectly related. The correlation
between the demineralized removal volume dimension
and the feature dimension is shown in Fig. 3.

From the point view of 3D modeling, the cavity
groove feature removal volume is constructed by
stretching, and the dimensions are determined by the
two parameters of the tensile section and length, but only
the outer dimensions are dimensioned. According to the
length of the drawing, the slot cavity is divided into two
types: the open slot and the blind slot. Meanwhile, it can
be further divided into right groove and ordinary groove

Correlation between Removal Volume dimension and Feature dimension
Fegure Feature Dimension Removal Dimension Bireelly ndinggtly
Types Connected Connected
Cavity slot
v
Feature
Hole Feature (4
Convex Feature v
Arc Feature v
Plane Feature v
Slope Feature 4

Fig. 3 Relation between the dimension of the demineralized body and the feature dimension
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whether there is a non-straight angle at the tensile inter-
face. The right angle groove is the simplest cavity
groove feature. Its dimension only constitute by one L
factor and one H factor. A 0 factor is added to the in-
fluence factor when there is a non-straight angle in the
tensile section. In order to annotate the removal volume
in the minimum number of dimension, dimension from
the previous process is not annotated. For example, the
length (L) corresponding to the blind slot feature does
not need to be annotated and the right angle slot does
not need to be annotated with the machining angle. The
ordinary slot needs to be annotated with the angle, but
only one angle is marked when the two angles are con-
sistent. For type’s features of keyway, the dimension of
removal volume is mainly determined by R and H fac-
tors. The common cavity groove feature-driven factors
are shown in Fig. 4.

From the point view of 3D modeling, the hole feature
removal volume is constructed by stretching or rotating.
Therefore, the hole feature is determined by the tensile
section circle and the rotating rectangular section. The

dimension is determined by the diameter, and only the
outer dimension is marked. The hole feature can be di-
vided into through hole, blind hole, cone hole, and com-
mon hole, according to whether the tensile length is
through and there is an angle in the rotating section.
When the hole feature does not contain the cone, the
demineralized volume can be regarded as the result of
stretching circle, so the influenced factor is only diameter
and length. On the contrary, when the removal volume is
obtained by rotation, it does not need to be marked if the
taper was a standard value. But only when the taper is a
special value, it needs to be specifically marked out. The
common hole feature-driven factors are shown in Fig. 5.

For convex feature and arc feature removal volume, it
cannot be obtained directly by simple stretching or rota-
tion and only label the inner dimension. The features of
the platform are mainly determined by diameter, taper,
and length. And rectangular convex table are mainly de-
termined by length. Common convex platform features
and arc features removing volume-driven factors are
shown in Fig. 6.

Type Features of right-angle cavity groove and Removal volume dimension Common Cavity Slot features and Removal Removal volume dimension
P removal volume determinants Body determinants
Feature dimension Remoyal R 0 L H Feature dimension Remoyal R 0 L H
dimension dimension
0 1 1 1
Chann
els
0 1 1 1
0 1 2 1
Blind
Slot 0 1 2 1
0 2 2 1
Keywa
b/

Fig. 4 Decreased body-driven factor cavity groove feature
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The ordinary plane and slope feature removal body
cannot be directly obtained from the feature dimension.
Dimensions determined by length and angle need to be
obtained by simple calculations. In order to dimension
the removal volume with the least number of dimensions,
the dimension obtained by the previous process does not
need to be marked out, such as the thickness of the part
material. The common plane feature removal volume-
driven factors are shown in Fig. 7.

Based on the analysis of the driven dimension of
machining removal volume, the machining removal vol-
ume is mainly driven by these six dimension types.

4.2 Machining removal volume dlassification and its
associated dimension management

Six modeling parameters and driven dimension types are ob-
tained, based on the research of the fast modeling method of
simple removal volume features. In order to annotate process
dimension quickly and accurately, removal volume classifica-
tion is required. Figure 8 shows the skeleton for feature clas-
sification. For cavity and hole features, geometric model is
constructed by stretching or rationing. And in machining di-
rection, the features of cavity groove and hole are consistent
with the feed direction of tool. Therefore, the features of hole

Hole Feature and Removal Volume

Removal Volume Dimension
determinants

Feature Dimension

Removal Dimension D Y H

QLA

Fig. 5 Hole feature removal dimension driven
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Convex& Arc Feature and its removal
volume

Removal volume dimension determinants

Removal

Feature dimension ) ;
dimension

D R Y L H

Fig. 6 Protruding features removing volume dimension driven

and cavity groove are classified as depression feature.
However, the arc feature and convex platform feature cannot
be obtained directly by simple feature operation. At the same
time, it reflects the material removal on the outside. The ma-
chining direction is opposite to the feed direction of the tool.
Therefore, the arc features and convex platform features are
classified as convex features. For plane features and slope
features, it cannot be obtained directly from the feature dimen-
sion. Besides, there is a certain angle between machining di-
rection and tool feed direction. Therefore, plane features and
slope features are collectively referred to as plane feature.
The dimension is constraint essentially. The geometric
features are determined by constraining the relative posi-
tion relationship between the geometric elements. For the
diameter and radius, they are generally used to constraint
the shaping dimension of arc and cylindrical feature. So
they are classified as arc dimension (Arc). Length and
depth are usually used to constrain the linear distance
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between geometric elements, such as limiting the position
relationship between the plane, the straight edge, and the
center of the circle. So the two dimension types are called
distance dimension (DIS). Angle and taper are used to
constrain the relationship between the angles of geometric
elements, hence they are classified as angle dimension
(ANGQ). Finally, the three shaping dimension types for re-
moval volumes are managed in Table 1.

5 Intelligent generating method for process
dimension

5.1 The method of FD-RV model creation

For the correlation between dimension and removal vol-

ume, the driven dimension of the machining removal
volume is composed of three types of dimension (DIS,
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Fig. 7 Plane feature removal
volume dimension driven

Plane Feature and Its removal volume

Determinants

Feature dimension

Removal dimension L 0

™

ANG, Arc), which constrain to form the removal volume
feature (RVF). The PMF also absolutely consists of three
major dimension types. The feature is formed by
constraining each geometric element’s dimensional value.
So the driven dimension of the RVF corresponds to the
driven dimension of the PMF.

For the correlation between feature and removal vol-
ume, the process of machining parts is continuously chang-
ing feature and removing blank materials. Therefore, the
features of different processes are continuously combined
of PMF and RVF. For example, the N-th working

Fig. 8 Feature classification

procedure model is obtained though number N-1 working
procedure remove number N removal volume. But for
blank model (BM), it can be obtained from PMF of the
initial working procedure and removal volume by
Boolean operation. For the feature of working procedure
model, it can be regarded as a set of PMF in Formula (3).
From chapter 4, we can know that RVF can be divided into
three types, including depression, convex, and plane fea-
ture. So PMF also can be divided into three types, such as
PMF is a convex feature when RVF was a depress feature
in the same procedure. By the above analysis, the

Hole Feature
process
D i .
e
Cavity Slot
Feature
> Convex Feature 4
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Tool feed
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Table 1 Dimension management

model

relationship between PMF and RVF is shown in Formula
(3) and the FD-RV model is shown in Fig. 9.

Process dimension types

Dimension types

Dimension elements

SDR

Arc

DIS

ANG

R ® It ®UY

LF

(01,02),(L1,Ly), (F1,F3), (O, L)Ly, Fy), LF

(Li,Ly), (F1,Fy), LF

BM = PMF; + RV,

PMFy = WMy-1—RMF

WF = Y PMF;
i=1

5.2 The method for creating process dimension based
on FD-RV

FD-RV process dimension creation mainly includes the shap-
ing and location dimension. Creating process dimension steps
based on FD-RV is shown in Fig. 10. For the shaping dimen-
sion of feature, the shaping dimension of working procedure
model is the shaping dimension of removal volume, based on
the relationship between the feature and the removal body.

H Dimension
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Fig. 9 FD-RV model creation process
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C Feature Types
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Fig. 10 FD-RV model process dimensions

The shaping dimension of the removal volume is created by
limiting the dimension of arc, distance, and angle through the
process dimension method of removal volume. So in order to
create SDR, we need firstly to obtain the current removal body
of working procedure model. From the process of creating the
FD-RV model, it will be obtained all of process information,
including dimension information when machining features
were matched in predefined feature libraries.

The feature information of removal volume is acquired
immediately by the RVF and PMF directly related. The fea-
ture recognition technology is used to identify and generate
the processing features under the previous working procedure.

Fig. 11 Schematic illustration of
the generation of the located .
dimension

Then the machining removal volume is processed, so that the
shaping dimension of the machining removal volume is ob-
tained after the processing is completed.

The relationship between the acquisition removal volume
and the working procedure model is shown in Formula 4,
where WM represents the working procedure model and RV

represents the removal volume.
WMy = WMy-1—RMy (4)

The method of creating shaping dimension is shown in Fig.
11. Firstly, the feature is recognized in the process model (the
depression features of F1, F2). Then the removal volume is

Feature Recognition

I Getting machining !
I removal volume

v !
Position dimensions '
are generated RVi

RV2
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obtained and created (the removal body of RV1, RV2).
Finally, the shaping dimension is created in the process model.

By limiting the relative position between features and
dimension which is combined of DIS and ANG, the
process model is guided to machine. They are used to
constrain the location relationships of depression, con-
vex, and plane features. The center line, axis, and center
point constituted the LDF dimensioning elements. In
order to create the location dimension between features,
the location relationships between rotary center and axis
are needed to be ascertained when the removal volume
feature is recognized and created.

The generation process for location dimension is shown in
Fig. 12. Firstly, the process constraints are obtained from the
working procedure model. Secondly, the positioning

Fig. 12 FD-RV process
dimension generation schema

@
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constraints of the N-1 process machining features are ob-
tained by generating reversing order process. So LDFy._;
can be created. Then, in order to create LDFy.,, the posi-
tioning constraints should be delivered to the previous one
working procedure model (number N-2). Based on above
steps, the LDFy; is generated one by one and all of loca-
tion dimension is generated lastly.

5.3 Method for inspection of process dimension
completeness

The dimension completeness aims to check the redundant and
missing location dimension. The completeness chick can be
described in Formula (5), where FC represents the constraint

Getting Process
Constraints

Process constraints in process

models

@R
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Fig. 13 Transfer of constrained chain

of the feature, FF represents the degrees of the feature free-
dom, and PDC represents the dimensional completeness.

If the feature is overly constrained in the process model, the
location dimension is redundant. While the dimension is missing,
it is characterized by insufficient constraint or under constraint in
the model. Only when the constraint of the feature is right in the
model, the location dimension of the feature is complete.

FC—-FF > 0, Dimension Redundancy
FC—FF = 0,Dimension Completeness (5)
FC—FF < 0, Dimension Missing

PDC =

The center point, axis, and center line usually are
researched objects of the location features which con-
strain each positions so that it limit the features in the
model. References [31] point out that several groups of
fixed position primitives are selected as positioning ele-
ment and positioning reference. When the internal prim-
itives of a rigid body are fixed, the rigid body is
completely constrained. It can be seen from the design
model that the positioning element has been determined
during the design process. So the constraints are limited
in the design model too. The completeness of positioning
dimension is analyzed by checking the constraint state
between positioning elements.

Figure 13 shows the selection of positioning elements, ac-
cording to the constraint of the design model. O1, 02, and O3

Fig. 14 Selection of dimensioning elements
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Table 2  The standardized principles for annotated objects

Dimensioning Objects ~ Geometric element types

Diameter/radius Arc plane Arc edge
Angle/taper Arc plane/plane  Boundary Line
Long/depth Plane Boundary Line  Point

are the location center of these three circular holes. O2 loca-
tion is confirmed through O1 by formed O1, 02, then O3

location is confirmed through O2 by formed O2, O3. Lastly,
the constraint chain S1 is formed through O3 by formed

03, 01. So the cyclic constraint chain S2, S3 is formed in
turn. Based on the above data, the dimension completeness
is checked by using constraint chains.

5.4 Method for standardized process dimension

In order to make the process dimension meet the requirements
of 3D dimensioning, the process dimension of the model is
normalized without changing the dimension value. Based on
Definition 2, we know that the standardized process dimen-
sion is standardizing the shaping dimension of removal vol-
umes. In this situation, the dimensional element collection of
Arc, DIS, and ANG are shown in Formula (6).

DIS = {(01,02), (01,1.), (11,12), (Fl,ll), (Fl,F2>, (L), (F)}
ANG = {(11712)7 (Fl, F2>7l7 F}
Arc = {l, F}

(6)

For the dimensioning of distance dimension 150 in the
convex feature in Fig. 14, based on Formula (6), we know it
can be constrained by dimensional elements such as (01,02),
(L1,L2), and (F1,F2). For R55, it also can be constrained by
dimensional elements L; and F3. The surface of the parts is
mainly machined when the parts are processed, in order for the
precision of the edges and points to be guaranteed by the
precision of the surface. We can know that the face should
be the first dimensional element, then edge, at last, should be
the point. M(x) is defined as the level of dimensional elements.
So the priority of the dimensional elements is shown in
Formula (7).

l,xe Fa;
M(x) =< 2,xeEd, (7)
3,x € Po;

Based on above analysis, the standardized regular of di-
mensioning process is purposed in the Table 2.

Design Blank
Product Name Part Name Weight (Kg)
Prt01 Prt01 10
Drawing No. Part No. Material brand
20200722 001 HT200
Process Pr Nam Process Machining
No ooess Name hour (h) Requirements
1 Drilling Hole 1 Drilling Hole ¢ 410
2 Drilling Hole 1 Drilling Through Hole ¢ 410
3 Milling Slot 2 Milling 380X180
4 Milling Slot 2 Milling 350X150
5 Drilling Hole 1 Drilling Through Hole ¢ 123
6 Drilling Hole 1 Drilling Through Hole R79
7 Drilling Hole 2 Drilling Through Hole ¢ 230X2
. Drilling Through Hole
8 Drilling Hole 1 $265X2
9 Milling Chamber 1 Milling: 45° *1X2

Fig. 15 Machining technological card
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a  The design dimension of design model

SEU20-UPD

f, compiete corsusined

¢ The 7th process dimensions of the
process model

[

Fig. 16 Intelligent generation of process dimensions

6 Application example

In order to verify the reliability and robustness of the intelli-
gent process dimension generation method based on feature
constraints, this paper takes the process dimension dimension-
ing of plate cavity parts as an example. Plate cavity parts
generally contain all the mentioned features which were very
complicated in this paper. Beside, this part contains many
processes. Therefore, taking this part as an example can fully
verify the correctness of the mentioned method.

Figure 15 shows the process card for the verified part and
describes the processing procedures of the part in detail. From
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A\ scking dimersion 28365 in this model

LDFI \

1250.00 A

model

E e\
S=\ SDRi
% O) \

2| SDR) 8@

d  The 1th process dimensions of the
process model

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
b The 7th process dimensions of the process I
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|

that part, we know that the model has 9 processes through blank
model machining to design part. So according to the reverse
sequence of the process model, we gradually return the design
model to the blank state before processing. Process dimensions of
the part are intelligently dimensioned in this process. The design
dimensions in the design model are shown in Fig. 16 a, but the
design dimensions cannot directly reflect the machining process
of the part. So we dimensioned the process dimension in this
model, firstly, by obtaining the parameterized modeling factors
of the removal volume by using the feature recognition. At the
same time, the geometric boundary of the de body is identified
when the removal volume is obtained. Then the shaping
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dimension of the volume is generated. At last, by using the con-
straints between features, the information of the constraints are
obtained, meanwhile the location dimensions also are generated.

Such as Fig. 16 b, for the dimensioning of the shap-
ing dimension of the drilling ©230X2 in the process 7,
we know that the main parameters that need to construct
the removal volume are depth and diameter. We then
create the removal volume by using the modeling factors
and the shaping dimension in this model. The location
dimension is created by using the constraints between
the holes. One of the location relationship between two
holes 230 is constrained by using the distance of 390.
And the distance of 431.3 constrained other location
relationship. From Fig. 16 b, we know that those two
holes are unconstrained. So it will remind us that we
need to increase the constraint in order to limit the po-
sition of two holes as shown in Fig. 16 b and the com-
plete constraints of this working procedure model is
shown in Fig. 15 c. And Fig. 16 d shows the process
dimension in the first process.

7 Conclusion and feature work

3D dimensioning is one of the hot spots in the field of 3D
process design, which has an important guidance significance
in practical processing and production. In this paper, an intel-
ligent method is proposed to realize the intelligent generation
process dimension of the working procedure model. The pro-
cess dimension can be obtained by the working procedure
model and machining removal volume. Specifically, the rela-
tionship between feature dimension and process dimension of
removal volume is analyzed. By analyzing the process model
of the removal body, the dimension of removal body is orga-
nized and classified. Then the relationship between features
and dimensions are analyzed so as to establish FD-RV model.
Through this model, the process dimension is decomposed
into the shaping dimension and the location dimension, and
the process dimension is generated based on the feature rec-
ognition. Finally, the integrity state of the dimensions is de-
termined according to the using state of the dimension-
constrained geometric elements.

The proposed method proved to be stable and reliable by
performing typical cases of the example. The main advantages
of this study are as follows: (a) It greatly promotes process
design and product processing and lays an important founda-
tion for the high integration of CAPP and CAD. (b) It could
improve the process design efficiency, saving manpower cost
and reducing production cycle. (c) The approach with a good
generality is developed based on the research of the B-Rep
model and CSG model. It can deal with complex parts for
generating process dimension. Therefore, the automaticity of
dimension design can be improved when the approaches are

@ Springer

applied in commercial systems. (d) In the future work, we will
study on the basis of automatically dimensioning; the next
problem will be investigated in the future work. Because of
the variety of machined parts and the complexity of the fea-
tures, how to generate the suitable and comprehensive dimen-
sion is the first one that needs to be solved. This will be the
next important research direction.
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