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Abstract --- Much of the activities carried out by studeimtgshe work world relate to the knowledge of partschines or
systems which have very little referential inforimat However, students are not trained in univegsitvith systematic ways
allowing the generation, processing, interpretatiand use of information from these systems. Rewarg@eering is a
methodology, taught and used systematically, cautribaite, on the one hand, to improve the skilld areativity of students
to find out useful information about parts and caments and, on the other hand, to motivate teclyicéd development
based on product innovations. This article presentkescription of a method of the reverse engimgewhich can be useful
for teaching engineering. It presents a descriptidrthe research programs and models associatdu tivé reference object
(Object to reproduce). This article presents a cagaly related to an industrial mechanical part.uFeesearch programs
are applied to the case study: 1) Measuring, 2) @ot@ar aided design CAD, 3) Finite element analyBiEM or FEA) by
CAE (Computer Aided Engineering) and 4) Simulatimanufacture in CAM (Computer aided manufacturing)d a
manufacturing by EDM (Electrical Discharge Machig)n Research programs related to the reverse emging, help
students learn and apply different computationall aexperimental tools to determine systematicallyaracteristics,
relations and properties of reference objects.

Index Terms--- Profile Engineering, Engineering Teaching, CEBM/CAE, EDM, FEM, FEA

Introduction

Many of the activities performed by engineers, @adgemia, as in the workplace, may be confined withe scope of
Reverse Engineering. Similarly, activities suchdasign, manufacturing and maintenance of partscangponents used in
one form or another programs and models of ReVeénggneering [1] to achieve its goals. In addititihe reproduction of
parts and components is a current need of the tnesisbecause, first, do not always have the garteepairs or for urgent
maintenance of machinery and you have the needpimduce those parts, and on the other hand, tlEgical innovation

based on improvements of existing products, requiie use of reverse engineering to find the prisdiacbe systematically
improved [2].

However, even despite the great importance of RevEngineering in Mexican universities is not taughmally, and in
most companies the processes of duplicate part€@mgponents are more empirically (to test and gtltan a systematic
way.
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To be able to develop projects of reverse engingegfficiently and with great potential, it is nesary to have measurement
tools, analysis methods, trained personnel andsteisy of suppliers, from technical services as sepplof parts and
components. In other words, it requires a wholénaal system well-organized and specialized fovéRee Engineering.
Furthermore, it is necessary to understand tharsevengineering is a legitimate method to recegparts and components
and is not synonymous of piracy. The method istilegite from the context of research, teaching amhrological
innovations, since it is one way to recognize agstesnatize information about the components. Evideaf this is
information that is required for the maintenancegpams of the machines in a production system. RRevengineering
should be taught in the universities, since manthefactivities that makes engineering is preciselyecognize parts and
components, machines or systems. Students shouldblbeto understand many of the activities takitac@ in companies
from the context of Reverse Engineering and badin the laboratories of the universities [2].

Reverse engineering

The concept of reverse engineering has many defisit According to [3], the reverse engineering bandescribed as the
process by which an existing part or a physical eh@irecreated or cloned. This article will corsithe following definition

[4]:

Reverse Engineering is an analytic-synthetic predbsit seeks to determine the characteristics aind functions of a
system, a machine or product or part of a compomergubsystem. The purpose of reverse engineesing determine a
model of an object or product or system reference.

Reverse Engineering has its primitive elementsthe:reference object called A, the reproducedabtige(called duplicate)
and a set of specific relations. The nature ofréierence object is [5]:

“A can be a real or virtual object. It is real if is a physical object with physica propertieslgntical, electrical, etc. It is
virtual if the object is not physical. It can be ahject or part of an object or system or subsysteh is also classified in
complete or incomplete. Is complete if given armfee object A satisfies all the characteristicstiud reference and is
incomplete if at least one of these characterisfiiés the reference. Object A is also finite, meable and admits
decomposition”.

In the case of the reproduced object it have theviting nature:

“B can be real or virtua,| object or, part of thebject or, system or subsystem. By nature the opjectuced B is complete
given the reference. The object B also provideddahof A”.

On the other hand, according to [4,5], each définibf reverse engineering must have its own metikat the above
definition it have the following stops [5].

1) Presented the referente object A.

2) Define the references.

3) Define the objectives.

4) Steps 2 and 8esigns the research’s process.

5) Product design of step 4) is a plan or operatiorggearch program.
6) P is applied to object A.

7) The result of step 6) is information of A.

8) Itis considered step 3) and with results of stgB % generated.
9) Bis amodel.

10) Is verified, according step 3), if B is equivalémiA.

11) Conclusions are given.

12) B is revalued.

13) B is applicable.

One of the functions of Reverse Engineering isdystematic retrieval of useful information and able of the reference

object, this information is obtained through thetimel described above. Note that step 5) accordirije procedure above,
refers to research programs. According to [6],seaech program on Reverse Engineering, is a s&rjglanned steps applied
to the reference object and / or models relatetidbobject. The outcome of any research prograReskrse Engineering is
a collection of models related to the referencectbjA model in the context of reverse engineeisng representation of a set
of features and / or properties and / or relatetttions, implicitly or explicitly with the refereecobject. Moreover, the

application of analysis programs at the refererijeat generates analysis models and the applicafieynthesis programs

generates synthesis models. The main objectividgednalytical programs are:

1) Obtain reliable data and information, functionati afjective of the reference object.
2) Transform the data into manageable information rhode
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Under this context, it can say that one of the nigtortant activities of Reverse Engineering is thesign of research
programs, since depend on them the quality, rdiiatdand representativeness of the obtained modelsddition, other
important aspects related to Reverse Engineeriograms are, first, the good condition of tools,ides and machines used
to perform the tests and on the other hand, a ciod@main of the theories and methods used forgnt¢ation and modeling
results [6].

Case study

In this section it present the synthesis of fowgesrch programs applied to an object referencappties the procedure
described in the previous section. Here's developié:

To start the process of reverse engineering isssacg to make a short description of the referebgect. That is:

1) Presented the referente object A.

FIGURE 1

Reference object

Description: A is a real object and is a componehtit is incomplete, since it does not know the snajpmanufacture. Is
finite and measurable and it is considered thatpguts decomposition in the sense of being analgedbart by subpart
(circles, arcs, surfaces including subparts). Tkéerence object under study is a part (Clamp) irtgoarfor a machine to
separate the semiconductor from frame.

2) Definethereference (CeR).

The reference object A shown in Figure 1 is of €ldxtensive Content Reference (ECR). That is,pikee is certainly
known and have already developed methods of asadysong other things, solA ECR.

3) Definen the objectives (Cog).

Having described the object of study and referemtmait whether if that object is much or little kg the next step is to
define the objective, that is, it want to reachem@pplied the analysis. In the case of this artitle goal is didactic and
consists in obtaining the real dimensions of thgeabh draw in a CAD software, make a stress anslgsid manufacture
through the EDM wire process.

4) With Crry Cog, is designed the research process.
5) Product Design of Step 4) isa plan or program of operational research (P).
The research programs were applied to the objestudfy are below:

1). Manual Measurement (Program P1)
a) Digitization process of the case study
b) The reference model of geometric primitives
c) Model of primitive digitized

2). CAD Model (Program P2)
a) Manufacturing drawings of the case study
b) Solid model
c) Transfer model
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3) CAE Model (Program P3)

a) Primitives model

b) Mesh model

c) Results model (stress, displacement, etc.)
4) CAM Model (Programa P)

d) Primitives model

e) Paths model

f) Tools model

Note that for reasons of space only will show alsgsis of the above programs.
6) Pisappliedto object A.
Synthesis of program P1.:

The program P1 is primarily to obtain measureshefgiiece shown in Figure 1. We used a digital wgrand a gauge slots.
Figure 2 and Table 1 shows the primitives and fimahsures of each.

9 Om

o |

el e

FIGURE 2

Case of study geometric primitives
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Geometry Measurement Measuzrement Measu?,rement Average
a 543 543 543 5.43
b 356 356 356 3.56
c 0.03 0.03 003 0.03
Circle 1 0748 0748 0.748 0.748
Circle 2 0.5607 0.5607 0.5607 0.5607
Circle 3 0.5607 0.5607 0.5607 0.5607
Circle 4 05607 05607 05607 0.5607
TABLE 1

Primitives measures

Synthesis of program P2:

The objective of this program is to obtain CAD cartgy models of the piece being studied. Autocad72@@s used to
generate the manufacturing drawing (see Figure@)aasolid modeling component (see Figure 4).

FIGURE 3
Component’'s manufacturing drawing

FIGURE 4
Solid modeling of the component
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Synthesis of program P3:

The program's goal 3 is to realize a stress arsalgsbbject studied. For this purpose, used GIDANE@OR software. Figure
5 shows a graphical output of the meshing procedd-ggure 6 shows an output of a stress analykis [8
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FIGURE 5
GID Meshing of the component
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FIGURE 6
Graphical output of a stress analysis, the origi@at geometry (Left) and new geometry using reversgineering (Right)

Synthesis of program P4:

The objective of the program P4 is, first, simuigtthe process of wire EDM machining and on theottand, manufacture
the component. In the case of simulation CNC Sitoulsoftware was used and to manufacture a wire Elddhine. Figure
7 shows a graphical output of the simulation arguiFé 8 shows the component manufactured using erseengineering

method.
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FIGURE 7
Simulation graphical output in CNC Simulator softeva
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FIGURE 8

Manufactured part using a reverse engineering rdetho

7) Theresult of step 6) isinformation of A.

All the data obtained by applying the research mow are transformed into information models. FEasons of space the
information gained from reverse engineering isstaw.

8) Step 3) isconsidered and with the results of step 7) B is generated.

The physical duplicate (B) of reference object Ah®wn in Figure 8. But in reality B are all modefinformation obtained.
9) Bisamodel.

This step only shows that B is a set of models oflefs. That is, it reaffirms the nature of the objeproduced.

10) Verified, according to step 3), if B isequivalent to A.

To verify the equivalence between the object oflgté and duplicate B is necessary to establishreefies. For example, re-
measure B or just testing the functionality of theplicate. For purposes of this article and orilystto show an example of
reverse engineering methodology, it will say tmefaict B is equivalent to A.

11) Conclusionsare given.

In this step it provide some conclusions aboutdtplicate B. For example, model B is representati’é, or the stress
model allowed to identify high concentration ofesis.

12) Bisrevalued.

Once given the final conclusions of the primarygass of reverse engineering should revalue B,rnifegns, evaluate each
model obtained from the implementation of each aege program. This assessment is performed onlyB aand is to
determine the added value of the obtained models.

13) B applies.

This step completes the implementation of the nuktbd reverse engineering and consists of evaluagithgpossible
applications of the model B. For example, the &rdlement model can be applied to known strainsdislacements for
different working conditions of the duplicate.

Some considerations for engineering education

Reverse Engineering is a methodology that shouldobmally taught in the universities, it is the k&y knowledge and
technology development. However, it is necessagystematize the teaching, development processeveifse engineering
as is the case of the method described in thislartThe research programs form the core of RevErsgneering, for

determining the procedures to follow, computatiomatl experimental tools and measurement equipnegpired for the

analysis of the reference object. The number afaieh programs and the complexity of them depenthi@neal needs of the
person requesting for reverse engineering, ietHercustomer. In the case of the teaching in eeging subjects in many
areas such as Mechanical, Manufacturing and PritiuB/stems Maintenance should consider the Re¥rgmeering as a
useful method, necessary and powerful which causkd to learn in a systematic form parts, prodactssystems.
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Conclusions

This article has presented a method of reverse neaghg which can be useful for engineering edoaati
In addition, was presented 4 research programgeckta the analysis of a reference object. The losiuns related to this
investigation are summarized in the following psint

- The reverse engineering method presentelisnatticle allowed to analyze a piece in a syst@nmaanner through the
application of different research programs. Thstematization can be useful for engineering edonati

- Inthe case of the discussed piece in thpgep the applied research programs were demdwsteatd didactic, as well as
learn and apply various computational and experiai¢aols to know useful and functional informatiohthe reference
object, such as the Finite Element Method and &P technology.

- The information obtained from the referentgeot, applying correctly the research programs, @acourage creativity
among engineering students, especially for the argment and product innovation.

- The methodology of reverse engineering shbeldaught formally and systematically in classrepas correctly applied
lets know products and systems, also has multjgidications.
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