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Workpiece Classification Criteria in Automated Process Planning

Maja TRSTENJAK, Predrag COSIC, Drazen ANTOLIC

Abstract: The classification of products in automated process planning has been researched for more than twenty years now. Automated process planning is a crucial part
of computer-aided process planning (CAPP) which enables the user to generate a manufacturing process plan automatically. It is one step towards autonomous process
planning required by the fourth industrial (r)evolution. The paper presents process-based software developed for classifying technological properties of a workpiece based
on a CAD 3D model. The accessibility of data will be discussed as well as the classifying and working principles of the software that enables both automatic creation of the
required manufacturing processes and operation sequencing. The special classification/workpiece coding system will be presented and explained, which is defined by the

data from the 3D model that can be reachable or with limited reachability.
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1 INTRODUCTION

CAD systems enable the user to create a 3D model
while CAM systems enable the user to continue the process
and define a part of the process plan. The challenge is how
to define the entire process plan automatically, i.e. to
include all parameters, machining times and even cost
estimations.

To respond to this challenge, data from the CAD
model must be extracted and used applying specialized
software. As the process planning is mostly very subjective
and depends on human knowledge and intuition, there is a
wide variety of process plan definitions, depending only on
the planner’s knowledge. That is why standardized criteria
must be established for extracting various data from a 3D
model in order to create an appropriate process plan.

The practice in Croatian small and medium-sized
enterprises (SMEs) has been an incentive to develop this
software. The exact percentage of companies with such
needs has not been defined, but from the personal
experience of the authors, it can be said that the demand
has risen for the last couple of years. The software enables
users to generate process plans for variable geometry
products minimizing subjectivity and chance for a mistake,
and reducing time required for the process plan generation.

1.1 Literature Review

Process planning automation has been a popular
research topic ever since CAPP evolved. Full automation
has yet not been achieved and is not widely used in
companies; furthermore, there are still many approaches to
this problem. The first scientific approach is to classify
technological properties of products, while the second
approach is to fully automate the process planning
department and their activities in the company. Decision
support systems have also been used in automated
processes, supported by machine learning. Tool selection
and classification of dielectric fluids used in electrical
discharge machining has both upgraded the process
planning activities and improved product quality [1]. A
special field of automation, sheet metal bending, has also
been researched, where a deeper knowledge of the material
and its behaviour is required. The process plan is defined
in terms of rejection (gauging edge identification, collision

detection and tolerance verification) and soft evaluation
criteria (ergonomic evaluation and tool set-up evaluation)
[2].

The use of feedback data obtained on the factory floor
as part of the concept Industry 4.0 is presented as one step
ahead of conventional CAPP systems. The activities can be
statistically identified via planning algorithms while the
level of accuracy and comprehensiveness is increased. The
use of data mining, fuzzy logic and decision support
enables automated generation of the process plan [3]. But
this kind of approach is still to be further developed.

Also, products can be classified into various workpiece
groups; then, the workpiece geometry is analysed [4].
Classification coding scheme, based on the product
geometry along with the product size can enable quick
generation of a manufacturing process plan directly from
CAD drawings [5]. The multi-agent approach is also a way
of classifying workpieces [6]. The advantages and
disadvantages of the manual-visual classification have also
been presented; the most effective classification which is
also most widely used in CAPP systems is the
classification by product coding [7-10], however, the
heuristic classification is also possible [11].

2 DEVELOPMENT DATABASES NEEDED FOR PROCESS
PLANNING (BTP - Basic Technological Process AND
BTD - Basic Technological Database)

The main principle of the automated process plan
creation is shown in Fig. 1. The first step is to create a 3D
model from which features are extracted according to an
algorithm. The algorithm is defined by using previously
defined features of the 3D model and the result is stored in
the database of quantified 3D model features. This data is
then analysed by applying the algorithm for defining the
type of the workpiece. This algorithm is created from the
database of previously defined workpiece types. The
second step is to determine the workpiece type, material,
size, complexity and demands. This data is analysed by
applying the algorithm for the primary process that is based
on previously defined technological processes. This step
results in data about the shape of the required raw material
and manufacturing processes. In the third step, this data is
analysed by applying the algorithm for parameter
quantification that was created with the help of the
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previously defined process plan pattern. This step results in
data about product dimensions and manufacturing time.
Then, in the fourth step, this data is analysed by applying
the algorithm for manufacturing cost quantification that is

defined by previously defined cost of work entered
manually. The result of this step is data about material,
services and cost of work. This workflow (Fig. 1) results in
the automatic creation of a process plan.

[ 3D Model ]

Pre-defined 3D model

Algorithm for 3D model

Table of quantified 3D model
- features

Pre-defined workpiece types ——»

features == features extraction
1.  Workpiece type
2. Workpiece material
Algorithm for workpiece 3. Workpiece size

type definition 4. Workpiece complexity

Workpiece demands

Algorithm for primary
process definition

1.  Raw material type
2. Required technological
process

Algorithm for parameter
quanitification

1. Rawmaterioal dimensions
— 2. Manufacturing time

1.  Raw material cost

Pre-defined technological q
processes

Basic pattern I e

Pre-defined prices — »

Algorithm for cost .| 2. Costof external service
quanitification

3.  Costof work

Figure 1 Automated process plan workflow [12]

The classification of technological properties of the
product based on the 3D model is best to be done in the
STEP format, but this was not the case here because of
some specific needs of the company which this software
was developed for. The features are extracted from the 3D
CAD PTC Creo software which is used by the company,
and specialized add-on software called BTP (Basic
Technological Process) was created. The BTP software
enables the user to define the technological process and the
operation sequencing.

To make the 3D model classification possible, the
connection between the BTP and the PTC Creo has to be
defined: it is defined as the relationship between two file
types - .btp and .prt.

.btp (Basic Technological Process) is the format of
digital writing of technological properties of a 3D model.
It is based on the geometric features of the model, primarily
on the surfaces, since they undergo some kind of forming
operation.

The Basic Technological Database (BTD) process is a
set of procedures,i.e. a step between the PTC Creo and the
BTP software. Its basic elements and purpose are the
following:

Workpiece coding
- based on 3D model features
- unique BTD manufacturing code that contains 14

digits
- every element of the BTD code is defined in advance

Manufacturing process coding
- definition of basic technological process elements

- unique BTD code of the manufacturing process that
contains 16 digits
- every element of the BTD code is defined in advance

The connection between the .btp and the .prt file type
can be established in two basic ways:
1) by connecting the BTP with the 3D Model

a) Dby using a specialized software application

b) asa 3D model module
2) by importing the file in the .btp file

a) Dby using a specialized software application

In this case, the possibility of connecting the .btp with
the .prt file was chosen so that the BTP is connected with
the 3D modelling software while the model is active in the
software. The result of working in the BTP software is a
.Jbtp file that contains all the data needed for automatic
definition of technological processes and of the order of
operations.

2.1 Data Accessibility

Based on their accessibility from the PTC Creo 3D
model, data has been grouped into three categories:
Directly accessible data
- The datais directly defined in the .prt format too
0 mass
o moment of inertia

Indirectly accessible data
- Quantification is possible based on two or more data
from the .prt format
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e number of surfaces

e final number of reference surfaces
- Quantification is possible by connecting the data from
the .prt file with external knowledge databases

o material density

o0 accuracy (relation between the surface roughness

and dimensional tolerances...)

- Quantification is possible based upon an additional
analysis of the CAD 3D model

o  model borders

o final surface types...

Inaccessible data
- Non-existing data in the .prt file

o strength requirements

o surface protection requirements
- undefined in the .prt file

o number of workpiece volumes...

To be able to extract data from the .prt file special
algorithms have to be established for each criterion.

Apart from the definition acquired by the new BTP
software, some advice can be given to the designer so that
the 3D model is analysed as accurately as possible,
excluding the possibility of mistakes. The advice refers to
the limitations of the new software application which can
be easily avoided when certain rules are followed.

2.1.1 Directly Accessible Data

Directly accessible data is closely connected to the 3D
modelling process and can be easily extracted from the 3D
modelling software. This is independent data whose values
are not defined by the values of other data contained in the
3D model. Their quantitative values are internal
parameters of the 3D modelling software that come with
the information about their functionality within the 3D
model. Most commonly, these are features in the model
tree (Fig. 2), but also data given using tools that allow for
the comment input in the 3D model (ANNOTATE/
Annotations or ANOTATE/Annotation Features or
ANOTATE/Datums) (Fig. 1).

Fig. 2 shows a 3D model with additional annotations
(comments) that define roughness of the surface, shape and
positioning tolerance as well as their transcription in the
model tree. Usually, the data on existence or non-existence
of certain objects within the 3D model are accessible and
countable. When objects are counted by type, a number of
identical features within the model is given. This means
that the user has now not only qualitative data about the
existence of data, but also quantitative data about the
number of single objects available in the 3D model.

7 n2
v O, n3 /

DATUM_TAG_UZDUZHABAZHA

Figure 2 Data directly accessible in PTC creo — an example [2]

2.1.2 Indirectly Accessible Data

Unlike the directly accessible data, indirectly
accessible data usually are not independent, they depend
on other objects of the 3D model. Although the principle to
access the processes is similar, there is a difference in the

algorithm complexity in the application presented below.
In this example, the number of angles can simply be
quantified, but the number of angles with the lowest
tolerance requires a more complex code. The problem
appears because the model can be differently oriented in
space, so the distance coordinates do not provide accurate
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data on the real distances between the main axes of the
coordinate system. To solve this problem, the software
algorithm to be presented below is based on dot
coordinates of the centre of gravity of the model, as the
unique dot in space.

2.1.3 Data Based on Additional Standard 3D Software Tools

Tools whose use is not modelling oriented make an
essential part of the 3D software. Tools for the 3D model
analysis are very interesting, especially for analysing
geometric features. The use of these tools does not affect
the 3D model, as they simply show the data and can be used
in every phase of modelling.

Data that can be used has a big impact on the selection
of adequate technology. This data cannot be directly
exported to the new software system, so it somehow has to
be implemented permanently in the 3D model. The best
solution is to create a new feature that is saved in the tree.
This allows for a direct extraction of any quantitative data
that the model contains.

3 CODING SYSTEMS

The coding systems have been divided into two
groups:
- product coding system
- manufacturing process coding system.

The authors have created this system in order to test it
and use it in the private manufacturing company that
demands various process plan definitions on daily basis.
Both systems consist of 14 digits that allow for the
automatic creation of a process plan. The number of the
digits are being defined by the specialised needs and
features that should be extracted in the practical use.
Product coding is done automatically, based on the data
collected from the 3D model, but also from the previously
generated pattern that has enabled the systematic learning
of the software by the user. The user simply needs to create
or extract data from the 3D model and the coding is done
based on special algorithms which analyse the data in the
OTP software, a step between the PTC Creo and the BTP
software.

3.1 Product Coding
Parameters of the product coding are the following:

Type... Kl
SHAPE
outer...K2
inner...K3
radial...K4
axial.. K5
SPACE
size...K6
massiveness... K7
thickness...K8
complexity...K9
REQUIREMENTS
material... K10
heat treatment.. . K11

surface protection... K12
precision...K13
Amount...K14

An example of the classification of the parameter K1
— Type is shown in Fig. 4.

It can be seen that the product (3D) model has been
divided into nine categories of type. Every category has its
number which represents a single digit in the final 14 digit
long code. K1, the first digit of the code stands for the
standard product available on the market (which is a part
the product in question) (1), standard semi-finished
product (2), special semi-finished product (3), part as
defined in the 3D model (4), non-dismantable assembly
(5), dismantable assembly (6), design (7), mechanism (8)
and other (9).

Fig. 5 shows the process of defining the second digit
of the product type code. This type is also divided into nine
groups: laminar (1), rotational (2), hexagonal (3), prismatic
(4), combined (5), profile (6), spatial (7), sheet metal (8)
and other (9).

The following twelve digits of the product type code
are determined according to the same principle — each
group of 12 digits is subdivided into nine descriptive
categories.

When this process of defining is completed the code
consisting of 14 digits is finally generated (Fig. 6).

4- - - 1

|

TyPe  Shape Space Requirements  Amount
Figure 3 Product code [12]

As shown in Fig. 3, the first digit refers to the type, the
next three digits refer to the shape, then, the three digits
refer to the space features, followed by the three digits that
refer to the complexity and the final digit refers to the
amount.

3.2 Manufacturing Process Coding

Manufacturing process coding refers to required
technologies and it is the final step in the creation of the
process plan. The parameters are divided into three basic
groups:

1. EXTERNAL SERVICE (PRIMARY PROCESS)
casting and rolling

forming, extrusion, bending, drawing

joining processes

machining

heat treatment

surface engineering
2. MATERIAL

raw material type
3. WORKING

sawing

forging

turning

drilling

milling

special

fine (additional)
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The 14-digit code is developed in the same way as the
product type code, based on the mentioned criteria.

Product features Workpiece examples Comment Graphics  pjnk Open
Ip Cinaks Name
1 1 Standard p Standard, buyable products, screws, bolts, bearings made to be put in the
available on market available on market product | ~ B
2 2 Standard half- standard half-products, available on ~ rods, plates, tubes, profiles half-product often
products the market available in the storage m Mm
of the marketer
3 i [Special half- not standard half-products, Special pipes, i fi dard, but rare half-
|products available on the market products = |
4 4 part Parts that are manufactured by Various machine parts can also be the family of
their own 2D drawing or 3D model products ‘ M
5 5  Unseparable Mastly welded assemblies Consoles, housings Products made out of
assembly more parts M
6 & Separable assembly More parts or assemblies box with the lid Parts or assemblies e
connected to unseparable whole connected with previoushy (=
bought parts
7 7 Construction Meore parts or assemblies, steel constructions maostly workpieces of P— ] |
separable or unseparable standard dimensions W m
8 &  Mechanism Mare parts or assemblies, out of special tools highly demanding
which some might be separable workpieces 1 =
9 9 \Other products that cannot be
part of any other groups ':-
Figure 4 K1 - Product coding-the first digit definition — workpiece type [12]
Feature Comment Graphics O LDSOTSP Prilazi Otwor -
ID  Cwmmaka Name L D P OKOCPCPR PPOS Veza
REPTBGEFDZ
1 1 Plate With the uneven shape flat surfaces of irregular edges OoO00o0oano °
q @O00000000 r
AMOOOO0O00
2 2 Rotational If the maximum cross section is in|  axle, shafts, etc. Ooooooao
YZ plane of round shape / MMOOMdO00O0 =
OOoOoMO0O000
3 3 | Hexagon If the maximum cross sectionis | hexagonal elements . oooooo
hexagonal §= omowooooo =
OOoOoMO0000
4 4 | Prismatic If the maximum cross section is housings, etc. & nooooo
e $ g==zoooooo =
AOOOOMAOO0
5 5 | Combined If the maximum cross sectionis | flat and rotational surfaces : oooooo
retangular with at least one round * M MO0O00O0000 =
AOOMOMAOO00
E 6 | |Profile If the maximum cross section standard profiles —_— BODCERB
profile shape e OO0O0000=a00 =
AMdO0O000000
T 7 | |spatial bodies with empty inside spaces oooooo
HMEEEMEMEA 000 =]
AO0O0O000000
8 8 | Tin not part of this research boxes, ete. oooooo
AO0O00O00O00000 =]
AdO000000
9 9 | Other if any other outher shape is not other OooocoOo
defined OoooooOooOoan |
ooooooooo
Figure 5 K2 — Product coding — the second digit definition — external shape [12]
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3DM B -:\7_Froickti\i_OTP\3_3D\B_Testiranja\ve_7\disertacija.prt

ol (Workpiece 1473 |[30M 87-5
Material 15101 ¢.1221 WN 1.0401

size | 32,00 36,95 70,00 36,94

Workpiece code element Code | Workpiece code name

K1 Workpiece type 4 Pant o

K2 'Outer shape i Hexagonal
s -
H K3 Inner shape 0 Full
A . . "
p K4 Longitudinal shape 4 OQuter and lateral
E

K5 Cross shape 2 Blind holes
v | K6 lsie 4 'Small
o
L K7 Volumiosity 6 Half-empty
u
:ﬂ K8 Leaness 3 Very roubuouss

K9 .Complexinr 5 Medium complexity
© K10 Material 4 Well processed
o
"
: ¥ 11 Heat treatment 5 iCementing
. L
:( ¥ 12 Surface treatment 5 (Galvanization
T 1
¥

K13 Precise level g Very fine

¥ 14 Amount 4 Small
o 4-3042-4635-4558-3 ﬁ
o Absolute value 56 44,44%
e

|Relative value

Zapis: M 10430 » M » . filtr Pretradi

7| [17.302007.] | Price
12 kom
0,23 kg
0,00 Binar classificators 0 7 6 0 4 5
Manufacturing code element l ICDcIe . Code name | |
T T™ » |BK1 1 Primary shaping 0 No primary shaping
rRL
i § T
w | BK1 2 Forming 0 Mo forming
5 _
r | S
v |BK1_3 Joining 0 Mo joining
BK2_1 Machining 1 Machining
BK2_2 Heat trestment 5 ICementing

BK2 3 Surface treatment

w

‘Galvanization

BK3 Half product Hexagonal bar

o

re-ananz|liarszenmn

_‘Cnaramerisﬂcdlmensions | 32,00
;\:’ariahiledimensiuns 77,00 0,54

]r -Bl(.q._l-cuﬁing. 0 Nocutting

g ;a)(q_z Machining { No machining
BK4_3 -Epecial 0 Mo special

s BKS5_1 Tuming I Turning

* BKS_2 |Driting 1 Drilling
| BKS_3 Miling 0 Miling

\ - EIKB 1“\‘[ine 1 1 Grinding
e\ _J 2 —
. BKG_2 Additional 0 Additional
" [BK6,3 [t 1 Fiishing

Figure 6 Final process plan [12]

3.3 Process Plan

The final process plan (Fig. 6) consists of the following
information:

[J WORKPIECE
[7 WORKPIECE DATA
= material quality
= amount
* BTD code
(1 SERVICES
[7 PRIMARY PROCESS DATA
» manufacturing process type
= technological processes
[1 MATERIAL
[ RAW MATERIAL DATA
= semi-finished products
[0 WORKING
00 IN MOST CASES: MACHINING
= procedures
= operation sequences
= workplaces

Due to the automatic definition of the process plan the
user can now automatically define manufacturing time and
delivery time as well as estimate the cost.

4 CONCLUSION

Automated process planning including the
classification of technological properties of products is still
a popular research topic. This paper has presented one

solution to the automated process planning by extracting
geometric features from a PTC Creo 3D model and by
developing product and manufacturing process coding by
which the process plan that includes the information about
the technology, time and cost estimation can be defined.

The classification has been done for both the product
and manufacturing process features and it has shown that
by using specially developed algorithms in the new BTP
software, such as the add-on PTC Creo, a process plan can
be generated accurately and automatically.

Future work will consider upgrade to the STEP 3D
model format as well as the use of the software within the
Industry 4.0 concept. The digitalization requires
establishing a connection between the software and other
parts of the company and using this kind of data to optimize
the processes and improve product quality.
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