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Abstract: The aim of the project was to create a 3D modsktan a real gear which has
been damaged. The model could be availed to fupiemess of reconstruction. The program
used in the project was Solid Edge and its GearWénd

1. Introduction

With the purpose of transforming a physical objeato a digital model, reverse
engineering is widely applied. Engineers often latlaé method in order to reconstruct the
whole technical documentation, build a replica,orestruct a damaged element or to
recompile a production process. Mainly employedlstdo reverse engineering could be
three-dimensional scanners or traditional measunemethods using a caliper, an altimeter,
a measuring machine, etc [1].

The presented paper depicts how reverse engineeanlyl be used in reconstructing
a documentation of a damaged gear relying on aginati element and a gear which works
with it (Fig. 1). The primary tool in the procesasv\CAD system - Solid Edge.
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Fig. 1. Two gears working in tandem
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Certain stages of gear reconstruction can be named:

1. Measurement of essential dimensions of the geawarnification if they are compatible
with other elements and prevailing norms [4, 5]

2. Calculations connected with gear parameters [2, 3]

3. Modeling the element in Solid Edge using Gear Medél

2. Measuring stage

In the world of today, widespread digitalizatiorloals for a rapid reconstruction of
technical documentation using advanced 3D scarjdigvghich, to some extent, facilitate and
accelerate a designing process. However, exorlptéces of the devices lead many to remain
staunch in using traditional measurement methogjsea@ally as far as job-lot or individual
production are concerned [1].

Fig. 2.Measuring external diameter of a roller

The first step in the project was to measure manameters of internal and external teeth
which were employed in further calculations. Leddaoscrew thread was identified with
a thread profile templates (Fig. 3) and then vedifivith the standard [5]. Teeth parameters
were measured using an advanced measuring machaeetsese are the most important and
accurate part of the element. The rest of the ga@mrfeatures was measured with a caliper
taking into consideration a tolerance dependariheruse of a surface (e.g. bearing).

Fig. 3. Identifying the lead of the screw thread
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3. Calculation stage

Before the usage of CAD program gear module, tréssaon ratio and clearance have to
be calculated. In order to find gear modulehe measured pitch poiptand the equation (1)
were used:

m= ﬁp where: m — module, p — reference pitch (1)

The received value had to be adjusted to normalmedules enclosed in the standard
PN-78/M-88502 [4]. In case of external teeth degmidn the paper the module amounts to 2.
Pitch diameted of the gear is equal to:

d= z[]l%, where: d — pitch diameter, z — number of teeth pteh point  (2)

However, this equation was solved only in ordeveadfy program’s calculations. Outside
diameter d and root diameter;avere also generated automatically. Subtractiorhe$e two
values amounts to whole degihwhich is the distance from the top of the toothhe root.
Gear ratia is equal to number of teeth (65) of the bigger gidaded by the number of teeth
(56) of the smaller gear, that amounts to 1,16analyzed case. Clearancéor the external
teeth was assumed as tenth part of the module,hwisicO,2. Pressure angle changes
depending on the fact whether the gear is extemalternal, the specific value is normalized
[2-4].

4. Modeling stage

Solid Edge was availed to create the gear modeigutie accessible application for
cylindrical gears. To generate the gear the follgvparameters were filled in module
window (Fig. 4):

z — number of teeth

m — module

I — transmission ratio

o — pressure angle

B — pitch angle

In addition, if power, energy conversion efficienagd velocity are given, the program
automatically makes strength calculation and infevhether the gear would endure applied
load or not. The Gear Module is also able to ma@ngetric calculations which seem to be
essential if physical accomplishment is planned.
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Parametry przekiadni zebatej Parametry obliczef

Nazwa Wartosé S Nazwa Watek ze... Kolozeb.. *
Zadane przelozenie przekia... 1161 Liczba zebéw 56 65
(al) Kat przyporu 20,00 (DM) Srednica ot... 22,00 mm 22,00 mm
(bt) Kat pochylenia linii zeba 0,00 * (b) Szeroko$¢ wi... 20,00 mm 20,00 mm |=
Modut 2,00 mm Moc 1000,00 W
Kierunek pochylenia linii zeba Lewy Predkosé 1000,000...
(r) Zaokraglenie podstaw z... 0,20 mm Sprawnos¢ 0,92 —

7 l" = = = e Wspétczynnik wi... 1 ] 5
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Fig. 4. Window with project parameters

The effect of using the application is the geag(/B) which had to go through the further
stages of modeling to make a perfect image of thal element. Although it was
labour-consuming, the module accelerated wholega®@nd reduced the risk of errors in
teeth modeling.

Fig. 5. First phase of modeling
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Afterward, the whole modeling process of gear retrction is accomplished in the form
of 3D model (Fig. 6). It could be transformed intwo-dimensional documentation
(Fig. 7) using one of the Solid Edge functions eDrafting. Putting the function into use
allows to add dimensions and technological featulgish are necessary to produce the gear

[6].
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Fig. 7. View of a model after using Drafting fuicti
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5. Conclusion

Taking into account digitalization of a physicaljext in job-lot or individual production,
reverse engineering appears to be the most e#edgésgigning tool. Laborious measuring and
keying parameters in proper CAD program guarangefegt image of every individual feature
of the element. Thanks to advanced programs and dperoachable modules process of
engineering design became much more convenient.
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Fig. 8. Damaged gear compared to its model
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