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Abstract: The reverse engineering is considered as a disggwercess and, at the same time, a creative
process. Essentially, the reverse engineering ssggpthe detailed analysis of an existing equipment,
order to subsequently develop another new or imguiequipment. The reverse engineering could be ap-
plied both in information technology and in theidasof the mechanical equipments. Along the titme, t
researchers highlighted the conditions in which theerse engineering could be applied. Taking into
consideration the existence of a device for grigdralves, the problem of design a device for shane
small diameter drills was formulated. Initially, t&in machining schemas valid in the case of shaing
drills were examined. Some of the principles spetif the reverse engineering were discussed and ap
plied in the case of the device for sharpening brd@meter drills. Graphical representations were
elaborated, in order to highlight the characteristiof applying reverse engineering. In this waynso
solutions for changing the structure of the initidvice were identified and a device able to ensiuee
conditions for sharpening small diameter drills wiessigned. The solving of the problem was posbiple
means of a cam which could facilitate the achieahthe necessary rectilinear alternative motiorthie
frontal plane of the grinding wheel.
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1. INTRODUCTION Even the reverse engineering method was usually
used especially in information technology fieldcduld

be also applied in mechanical domain. From thetpafin
view of information technology, the reverse engiireg
could consist in the decompilation of any applioati
concerning the programming language that was used t
create it, so that one can acquire its source codmy
part of it. Anyone can subsequently re-use anyriné

The high performance tools need an attentive raaint
nance, and the activity of products designers was d
rected to an intensive search concerning the mstbbdd
knowledge acquisition and finding creative ideasrider
to increase the efficiency of using such tools.this
problem is formulated, one can apply, for examhe,

so-calledreverse engineering techniquisrecondition- tion technology code in his own programs or modify

ing/ re-sharpening. the worn tools (Fig. O to_ ees_m) existing (already compiled) program to perform they
them high operating performances; in particulais th ways [5, 12].

could mean to find a simple and performance deafite

to contribute to the tools reconditioning. Prodotiof

high-quality products with lower cost and in a sbor
time of manufacturing process is an important emge

in a competitive industry.

The reverse engineering formerly meant making a
copy of a product belonging to the competing congpan
or a product similar to that of the competing compa
but nowadays the reverse engineering is lookedcasaa
tive process, able to generate realistic and efficideas.

It is used in order to understand how a certaindpro
uct/process was designed or how this product/psoces
operates during its utilizing [2, 4, 8, and 14].

One can use the knowledge gained from reverse en-
gineering in order to correct application programiso
known as bugs. But the most important aspect isaha
can get extremely useful ideas, by observing hdverot
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Fig. 1. Tool sharpening [11].
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Fig. 2. Reverse engineering versus traditional engineering Fig. 3. Advantages of reverse engineering.

The reasons for using reverse engineering are many
some of these reasons are presented in Fig. Jiaforte
can notice that each year, the researchers findreaw
sons for applying the reverse engineering eitheipéo-
sonal education in order to understand how workteero
product or to create a new product starting to larot
one.

The purpose of this paper is to highlight thaterse
engineering allowed to designers to truly undeitan
what the initial product was doing and mostly thae
can make a new/improved product without the rileg t
this new product can or cannot be considered “legal

According to Chikofsky [3], there are many fields
that use the reverse engineering:

“Redocumentation”; this implies the intention to-de
velop a documentation to see if a certain produet e
isted or should have existed;

"Design recovery”; this supposes the observation of
the product by using general knowledge of the prob-
lem, personal experience, external information, de-
duction and reasoning, with a view to the recowry
the design intent [1, 3].

To the above mentioned aspects, one can add a&nothe

programmers work and think; thus could improve the
proper skills and knowledge [15]. Such ideas cdugd
extrapolated in the mechanical field, too.

If one take into consideration the specific litera
point of view, one can notice that some authorgegpp
ate thatconventional engineeringreates a computer
aided model based on the functional specificatioha
new product andhe reverse engineerinig the method
that reconstructs computer aided models by corniaigler
physical models [2, 7].

A principle comparison of the reverse engineering
process with the classical engineering processdcbal
seen in Fig. 2; one can notice that if in the d¢tadengi-
neering process there is a product or a produgtiooess
design, in the case of the reverse engineeringnaumst
scan the existing product or examine the production
process, in order to find a similar or a new soluti

Engineering[15] is described as “the application of °
scientific and mathematical principles to practiealds
such as the design, manufacture, and operatiorifief e
cient and economical structures, machines, prosgsse
and systems”. This type of engineering is more com-
monly known asa forward engineering An emerging

engineeringconcept uses the forward engineering in a Stage, concerninthie "new pr.oduct”.development .
reverse way [9]. In 2 000, Houny and Tai considered that an ideal r

Thus, the reverse engineering could be considesed VE'S€ engineering system should not only be able-to

the opposite of forward engineering. It takes aistt construct a complete geometric model [13, 3].

produr::?, and creates a con?puter a?ded model, by?rgwod The recent developmenFs in the field o_f q_esigrjhmet

cation or reproduction of the design aspect ofptugiuct ~ 0dS gave another perspective to the possibilifasing

[10]. the reverse engineering, especially in generatieg n
As a design method, the reverse engineering is nd€as of product or production process.

limited to a particular purpose, but it is apprésiafre-

qguently as an important part of the scientific noetland 2. METHODS OF SHARPENING

even of the technological development. _ The objective of tools sharpening processes isbto

One can learn many things by breaking somethingain appropriate functional angles from the outsléhe
down, in order to understand its structure, tot@itopy  core drill. Convenient drill geometry of the chissdge
or improve the initial product. From our particufgmint  and a better quality of the cutting face (Fig. & ather

of view, we propose to use reverse engineeringdern  opjectives to be followed by applying a sharpemningc-
to build an improved copy of a certain product. ess.
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Fig. 4. Geometry of the drill active zone.

The specialty literature from the technical field-
scribes some sharpening base methods (Fig. 5k ther
the opinion that this group of methods includesrian
possibilities applicable in order to sharpen thiésde].

Of course, there are yet other methods [11, 10§, b

the content of this paper was focused only on soihtiee
sharpening methods presented in Fig. 5, considéhiaty
these methods could be applied in the case of¢ai-a
able device.

Some details concerning the most known sharpening

methods applied to drills are presented in Figs! &nd
8.

1. Sharpening applied in order to obtain a conical
surface; this method is known &ancroft-Washborne-
Stock methodFig. 6); it is the most popular method in
the field of machine building. One can notice thae
face edge is a conical surface. The face edget&neinl

Sharpening drill methode

ssharpened by a conical surface
#sharpened by a circular oylindrical surface
+sharpened after a double flat surface
ssharpened by a helical surface
ssharpened by a oylindrical-elliptical surface

4

Fig. 5. Sharpening methods.
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by rotationl of the grinding wheel and the movement
which is an oscillation feed movement around this ak
the sharpening drill cone. One symbolized3ae drill
feed motion along its axis and By— a linear motion in
the active flat surface of the wheel tool (frontakilla-
tion of the tool, developed in order to ensure doum
wear of the sharpening wheel).

The inclination angle is the result of the misafigent
of the tool axis (with the valuK) to the imaginary axis
of the sharpening cone.

2. Sharpening applied in order to obtain a circular
cylindrical surface (Fig. 7); it corresponds to Hiteiation
when the drill axis is parallel to the front sudaaf the
grinding wheel. In this case, the cutting faceawef edge
has a circular cylindrical shape, with a constatina-
tion along the edges. The movements are the sanme as
the case of the previous method.

3. Sharpening applied in order to obtain a helical
surface (Fig. 8); this method could be materialibgdhe
Oliver technique or by Spiropoint-Cincinati techuméq
This sharpening method is characterized by the tfeat
the face edge of the drill is the result of applyifive
work movements:

Rotation movement ndL, which is the main cutting
motion, done by the grinding wheel,

Motion no. 2, which consist in the feed continuous
rotation movement of the drill bit along its axis;
Motion no.3, corresponding to the feed movement in
depth;

Motion no. 4, materialized by the grinding wheel
shaft movement or oscillation, in order to ensure a
uniform wear of the wheel;

Motion no.5, feed movement of the grinding wheel
(two double strokes on each rotation of the drié a
necessary).

In the case of this method, the inclination arigle
creases towards the drill axis, due to the law ofiom of
the grinding wheel and to the relative positiortha drill

in relation with the cutting tool (abrasive disk).

Of course, the easiest sharpening method isithat
which a flat surface is considered as acceptabia the
point of view of drill behaviour during its use;ishma-
chining method needs the rotation movement of bia-a
sive disk and a single feed motion, along a diogctn-
cluded in the frontal surface face of the grindimgeel.
Even this is the simplest sharpening method, ugugll
does not ensure acceptable conditions for the aragid
for the active surfaces shapes of the drill.

One took into consideration that the availablergha
ening device offers a possible rotation movementhef
drill and this was the reason that the last methad not
accepted in our analysis.

In accordance with the specialists evaluationg on
can say that the drill could be appreciated asntiost
important, least understood, and most neglectedllof
cutting tools; this means that generally only dtad
drills are accepted, based on inflexible precedeather
than logical deduction and experimentation [8].

Thus, a device able to satisfy in a certain exthat
proposed technological requirements for drills pbar
ing characteristics could be identified; such aickev
could acceptably solve the request of sharpenindymr-
tivity and accuracy. The research aim was to imprthe
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Fig. 8. Helical surface sharpening method.

performances of these cutting tools (drills) widelsed
in the field of machine manufacturing.

3. EQUIPMENT

In the last years, the machine tools industry sitbw
an increasing need for the remanufacturing of sparts
by applying the method of reverse engineering.

The technology development refers usually to the
“forward engineering”, when in product developmégre
engineers implement new concepts and abstract agetho
An opposite situation corresponds to reverse eeging
that begins with final product and analyzes it veatd,
in order to recreate the engineering concepts loprde
posing the design of the product or system andliligga
ing the correlations among its components.

The reverse engineering involves the applyingoof f
stages:

« Analysis of the old product (data acquisition);

« Generation of an intermediary level product descrip
tion;

» Analysis of the product description in order to glen
ate certain specifications;

e Generation of a new product.

The last stage supposes the generation of the new
product using the previously found specifications.

Our project scope of was to modify an existingdsr
uct, in the research purpose, to obtain am impraeek-
nology, able, in this case, to facilitate the skaipg of
small diameter drills.

It is well known that in the reverse engineerimgg
ess, the geometric shape of a part can be “captined
mapping the surface with 3D scanning, but thesdss a
possibility to use less advanced design methods.

A simplified graphical representation of the aitits
corresponding to the applying reverse engineermgcdc
be seen in Fig. 9; the figure offers an overallgmaon-
cerning the proposed methodology, applied in thse cd
a device for sharpening the drills.

Data acquisition

\/

Processing (analyzing)

\/

Final modification
l\
~

Final prototype (new

product)

Fig. 9. Flow of reverse engineering for the new device.
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Fig. 10. Device for grinding valves.

The initial device, destined to grinding the valve
active surfaces, is presented in Fig. 10.

Within the first stage, this device was attentyvel
studied; formally, this supposed a “process of yiay
a subject system, to identify the system’s comptmen
and their interrelationships and to create reprtasens
of the system in another form or at a higher lefehb-
straction” [3].

The device simplified schema is presented in Fig.
wherel is electromotor ané is a subsystem for clamp-
ing the valves. The gear transmission is achieved b
means of the geafsand?2; the wormgear including the
componentsl and5 achieves a decrease of the rotation
sped, that are related to the main movement pegdrm
by the cutting tool (in this case, the abrasivé)dig the
initial device, the workpiece (the valve) was awhig a
rotation movement by means of the gear transmission

In order to apply the reverse engineering metlmd t
design a new product, one generally can followeatheve
mentioned four —stage process:

Fig. 11. Grinding valves device schema.
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Identifying the product components which will be
reverse engineered. In this case, there is a déeice
grinding valves;

Observing or disassembling the original product, to
understand how it works;

Implementing the technical data generated by the
reverse engineering in a modified version of the
original; in our case, it is necessary to desigiece

for sharpening the cutting tools, nhamely cuttingl$o
from the categories of drills.

Creating a new/improved product. This stage will be
reached later on.

When one wants to transform a certain device into
another one, the main problem to be solved is tim-n
duce an element able to transform the continuotagion
movement of the drill by means of the g&ain a dis-
continuous rectilinear movement, so that to ensucer-
tain correlation between two movements or to finki-a
nematic chain of interdependence able to correspond
the proposed initial conditions.

One can use reverse engineering to find the fonati
principles of a mechanical application by means of
analysis of its structure, function and operatiSome-
times, this involves the study in detail of thevork way
of the analyzed structure, usually with the intemtto
design a new/improved device or program that sdlves
same problem, but without applying anything from
original device.

Applying the reverse engineering rules, someome ca
place a cam or a tappet to transform the moverasnie
can see in Fig. 12.

The main device needs also a subsystem able to en-
sure a certain position of the drill, and thusiespect the
values prescribed for the cutting angle.

As one can see, in our design, we kept the mgjofit
the original device components, but we tried tedgivem
a different utility and functionality.

Thus, we had the occasion to notice that the sever
engineering techniques are much more than takiceya
tain product and examining its internal componelts.

P S _\\\\\\
\

Fig. 12. Device modified in order to allow grinding of sina
diameter drills.
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was also important to understand why the component§3] E. J. Chikofsky, J. H. Cross IReverse engineering and
were include in the analyzed structure, where theye design recovery: A taxonomfEEE Software, No. 7, 1990,

placed, how they were made, how they corresporieto pp. 13-17. o .
proposed aims etc. C. Croitoru,Scule pentru aschiere in mecanica figine

mechanical cutting tools), Performantica Publishing
House, lasi, 2005.
[5] M., Dubravick, S. KenderApplication of reverse engi-
neering techniques in mechanics systérocedia Engi-
neering, No. 48, 2012, pp. 96 — 104.
E. Eilam, Reversing: Secrets of Reverse Engineering
Wiley Publishing, Inc, Indianapolis, Indiana, U.S.A

4. CONCLUSIONS

The reverse engineering is an important tool by
means of which one can generate CAD models or, in
other cases, new/improved products. One can usé-a s

able Chomp“te(; al(éled f(:_e_SIQrgl progra;rr? ora syst_eraptlc [7] F. Fotopoulos Reverse Engineering in computer applica-
proach, in order {o elficiently use the reverseieegs- tion,  available at  http://ww. docstoc. com
Ing. / docs/ 143220063/ r ever se- engi neeri ng-i n-

The objective followed by the research activityswia comput er - Appl i cat i on, accessed: 2013-04-20.
transform a device for grinding valves in a deatéde to [8] Z. Min, A new approach of composite surface reconstruc-
ensure conditions for sharpening the small dimeaio tion based on Reverse Engineerifyocedia Engineering,
drills. No. 23, 2011, pp. 594 — 599

i i i inei [9] J. Mazoff Drill point geometry available at:
can find other Solton for the relaive movemens b P/ WAk newmntool s, com' i nes/ i 1 po
- . . nt. htm , accessed: 2013-04-20.
tween the abrasive tool and twisted drill.

- e [10] S. Ngozi,Reverse Engineering of automotive parts apply-
The paper highlights the possibilities to theorec

sider a device structure in order to obtain newmgant.
The applied methodology had as an objective to avgpr
a device and to transform it in something else sTap-

proach was based on the reverse engineering thetho ) ) _
[11] Sandvik CoromanfTool maintenanceavailable aht t p:

principles, applied to the particular case of a ma@ical
device, in order to modify the destination and Wk
way of the original device.

ing laser scanning and structured light techniquevail-
able at:

http://i magi ng. ut k. edu/ publ i cati ons/ papers/d

i ssertation/Sherry_PILOT. pdf, accessed: 2013-05-
2.

| services
accessed:

/I www. sandvi k. cor omant . com en- gb
/ recondi tioni ng/ pages/ def aul t. aspx,
2013-04-20.

The general principle stages of the reverse qu-ine [12] E.R. SorenProcess improvement through reverse engi-

ing were applied to the particular case of a devVae
grinding valves; one can appreciate that the metlogy
is simple and the convergence of ideas could biglyap

achieved, as only one new approximation was needed.

The reverse engineering method develops a system- ,
[14] W. B. Thompson, J. C. Owen, H. James de St. Gierns.

atic approach of thinking about the engineeringgiesf
devices and systems.
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