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Reconstruction and profile analysis of a used straight spur
gear
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Abstract. The topic of this publication is the reconstruction and measuring process of a used
straight spur gear. The tooth number, the tip circle diameter and the tooth length have to be
measured for the reconstruction. Based on these parameters the type of the straight spur gear
has to be determined. For the designing of the gear a new computer program is created. Based
on the calculated parameters the CAD model of the gear could be designed. The profile of the
real spur gear is measured by a microscope having computer controlled. The real and the
theoretical involute profile curve will be analysed.

1. Introduction
The aim of the publication is the reconstruction and measuring process of a straight spur gear. In
universal case a straight spur gear is given.

Figure 1. The parameters of the spur gear pair having normal straight teeth.
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The profiles are worn that is why the tooth thicksies changing and different for every tooth. The
first step of the reconstruction is the determimatdf the standard module. The module is the basic
parameter of a spur gear [2, 4, 5, 6, 7].

The main parameters of a connecting gear pairgldmiseen on Figure 1 and Table 1.

Table 1.Main parameters of the spur gear pair.

Notation Nomination Notation Nomination
dy, &b Pitch circle diameter th Dedendum
Ok, ok Root circle diameter ha Addendum
da;, iz Tip circle diameter h Whole depth
dny, 2 Base circle diameter to Circular pitch
dwi, dv2  Working pitch circle diameter Sax Tooth thickness
c Bottom clearance m Modulee
hw Working depth z Number of teeth
a Centre distance s Backlash
dv1, 2 INvolute base circle diameter ao Base profile angle
Circular pitch along working Tooth thickness along

fo pitch circle S working pitch circle

The number of teeth could be counted. The tip eidibmeter (g of the spur gear is not worn
because it is not a connecting surface. This dianeetuld be measured by a vernier caliper. Knowing
of this dimension the module could be calculate®]2

da

Meaic = 742 (l)

The muac calculated module has to be rounded for the neares higher module (m) from the
module standard [6].
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Figure 2. Mating of the tool base profile with the tooth tbe gear: (a) negative
profile shift and (b) positive profile shift [5].

The addendum modification is given as a functiothef module (xm), where x is the profile shift
coefficient. This (x) is positive if the base ptefis shifted outward from the shaft, it is negativhen
the base profile is shifted towards the shaft (Fdd2) [2, 5].

The sum of profile shift coefficient{ X ):

z+z Dinvag —inva, )
2 tga,

LX=X %=

Where:oo — base profile anglegy — drive connection angle, which could be selebtethe function of
the base profile angle from the standard.
Thex; profile shift coefficient:
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% - hfl h
x=—2 L S (3)
m 2 m
Thex, profile shift coefficient:
X S2LX=X (4)
The backlash between the teeth could be calculatelde following suggested formula [5]:
_ b 5)
7 =20

2. Calculation of the main parameters of a spur gear
After the determination of the standard modulepalameters of the spur gear could be calculated by
the mathematical formulas [1, 2, 5, 6, 7].

T AT T ! ™1 ! ! ! T ! T
I . # : : ' ]
O ey P

Figure 3. Creation of the mathematical model of the meassped gear.

Table 2. The calculated parameters of the created spur gear

Parameter Nomination Value
Module m 1.75 mm
Number of teeth z 25
Addendum h 1.75 mm
Clearance c 0.437 mm
Dedendum h 2.187 mm
Circular pitch $ 5.497 mm
Backlash 4 0.274 mm
Whole depth h 3.937 mm
Working depth ) 3.5mm
Tooth thickness ) 2.611 mm
Pitch circle diameter o 43.75 mm
Tip circle diameter 4 47.25 mm
Root circle diameter +d 39.375 mm
Basic circle diameter pd 41.111 mm

A computer software was worked out to calculatertbeessary parameters of a connecting gear
pairs [1]. The following parameters are given: thenodule, thez;, z number of teethgo base profile
angle andyg angle of contact.
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The program calculates the significant parametetheodrive pair (centre distance, typical circles
etc.) and it draws the spur gears. The profile tsaifi the wheel can be savedtit file format and it
could be imported into 3 dimensional SolidWorksiaagring design software. B — spline surface was
fitted on the received tooth surface points [3].

The analysed spur gear having concrete geometrgrgased by this software (Figure 3, Table 2.).

After the calculation the computer aided model (GAGf the spur gear was designed by
SolidWorks designer software (Figure 4).

Figure 4. The CAD model of the spur gear.

3. Profile measurement of the used gear
The first problem that we have to solve is to tfam the measured parameters to a CAD model. We
have to measure with high precision. For that nease started the measurements on a Mitutoyo
Industrial tool which is a combination of a micrope and a profile projector. We have an X-Y
moveable base for the measurement with 1pm accuracy

Originally these microscopes not fitted for digitakasurement, so we have to install an HD
resolution camera for the measurement. The camasphaced to the original viewing slot as it
presented on the figure below (Figure 5).

]

Figure 5. Measuring device.

After we have the right measurement tool we hawar¢ate the method for rebuild the curvature of
the spur gear. Our basic conception was that teequential images of the object with overlagpin
and then we can rebuild the image in really goaalitjuand accuracy.
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We have to fix the spur gear to the table we usaglgte plastic for that. It's important to avoid
image processing problems because we have to ha@d( pictures for one profile. To get the base
point of the image creation process we have tandedi base frame on the table. Currently we solved
this with tapes. Basically we started the imageattoe process from the left upper corner of the
imaginary matrix.

We have reset the spindles that move the trayegsaite equipped with digital tripometers with um
accuracy. We determined the scale by 1 mm. Thssffcient distance to avoid being too large or too
small overlap between the images to be made. We $aved the pictures numbered to make it easier
and safer. Due to the size of the captured frardglamn size of the scale, 45 lines and 46 colummne we
taken. So we thought it was expedient to use niyt mambers but also have to apply letters when
naming pictures. The lines are low case lettehéEnglish alphabet, and columns are numbered.
Later there are not only one letter, but two, solihe "z" follows the "z" line, enabling the contpu
to simply sort the images.

These conditions make the images simple, systeimgtend later assisting in the compilation.
Each photo has useful resolution of 640x480 pix€serlapping between images in pixels is
180x135, so the useful interface that | can usedéoh image is the 460x345pixel. We cut this atga o
of each photo taken from the bottom right corndteAthat, only the first and the last row or colum
had to be put together next to each other. Thedigelow represent a part of the assembly of the sp
gear (Figure 6).

R & & b S

Figure 6. Partial image of the assembly of the spur gedilero

4. Reconstruction of used gear in CREO

As a result of the measurement we get the probfethe spur gear from both side. From this
images the 3D reconstruction of the spur gear wadenin CREO 3D designing system which is
available at our university by the support of BOS@kbup. The result of the reconstruction is
represents on the figure below. At the bottom ienlge mass of the spur gear can see in kg. The
weight of the real part was measured later andliffierences between the reconstructed and real data
was 0.002 kg (Figure 7).

Figure 7. Reconstructed 3D model of the spur gear.
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5. Evaluation of the measurement
After the measurement and the reconstruction psottesstheoretical and the reconstructed 3D model
of the spur gear were fitted (Figure 8).

Table 3. Evaluation of one involut profile difference.

Theoretical profile Measured profile Difference
X y z X y z
20,556 0,000 0 20,556 -0,010 0 -0,010
20,558 0,000 0 20,558 -0,020 0 -0,020
20,574 0,001 0 20,574 -0,019 0 -0,020
20,588 0,001 0 20,588 -0,029 0 -0,030
20,598 0,002 0 20,598 -0,013 0 -0,015
20,600 0,002 0 20,600 -0,018 0 -0,020
20,643 0,005 0 20,643 -0,015 0 -0,020
20,662 0,007 0 20,662 -0,008 0 -0,015
20,713 0,013 0 20,713 -0,002 0 -0,015
20,745 0,017 0 20,745 0,012 0 -0,005
20,824 0,029 0 20,824 0,014 0 -0,015
20,865 0,036 0 20,865 0,016 0 -0,020
20,987 0,060 0 20,987 0,030 0 -0,030
21,038 0,071 0 21,038 0,056 0 -0,015
21,159 0,099 0 21,159 0,079 0 -0,020
21,229 0,117 0 21,229 0,087 0 -0,030
21,368 0,156 0 21,368 0,136 0 -0,020
21,437 0,176 0 21,437 0,146 0 -0,030
21,607 0,231 0 21,607 0,216 0 -0,015
21,697 0,262 0 21,697 0,237 0 -0,025
21,859 0,321 0 21,859 0,316 0 -0,005
21,944 0,353 0 21,944 0,338 0 -0,015
22,120 0,425 0 22,120 0,410 0 -0,015
22,212 0,464 0 22,212 0,434 0 -0,030
22,418 0,557 0 22,418 0,532 0 -0,025
22,533 0,612 0 22,533 0,582 0 -0,030
22,737 0,713 0 22,737 0,698 0 -0,015
22,860 0,777 0 22,860 0,772 0 -0,005
23,094 0,906 0 23,094 0,881 0 -0,025
23,206 0,970 0 23,206 0,960 0 -0,010
23,414 1,094 0 23414 1,064 0 -0,030
23,511 1,154 0 23,511 1,139 0 -0,015

The differences between the theoretical profile tedreal profile could be determined from this
fitting (Figure 8, Table 3). On Table 1 one conergirofile measurement could be seen. The
differences between the real and the theoreticdli@mwas determined.

The prescribed profile tolerance is £0,003 mm HEfsed on this tolerance value the profile of the
worn spur gear is not on the prescribed tolerafibat is why the analyzed spur gear is too worn. It
could not be used further.
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Figure 8. Fitting of the theoretical (grey) and the reak@m) spur
gear by SolidWorks software.

6. Further development of measurement

The possible development of the measurement cautddmulti-focus imaging, which means that we
have to measure i.e. five different focus to getenmomplex result and more accurate image of the
profile. To get the data from five layer we needatke 5x2070 images. If we want to be more accurate
we have to increase this number! Because of thdtave to build up an automated measuring system
with motoric drive for tripometers. To solve thésk and apply the image creation and processiikg tas
we have to create a complex measurement softwaie.cbuld be the possible way to improve the
measurement accuracy.

7. Conclusion
We had a used spur gear for the examination. Ogoroge was to prepare the theoretical model of this
gear and the determination of the differences betvike real and the theoretical tooth profile.

If we have a used spur gear the first step is teraene the standard module. Knowing of this the
calculation of the main parameters and the compmitigd model (CAD) could be generated by our
developed computer program.

Using of the profile microscope the profile shagethe worn tooth profile could be measured
particularly. After the measurement the CAD modehe real spur gear could be generated.

Finally we could evaluate the profile differencetviieen the real and the theoretical profile. Based
on our results we could decide the other utilityhaf given gear by the profile standard.

The overall reconstruction and measuring process iwgioduced a spur gear having concrete
geometry. Certainly this process is used and addptemany type of gears.
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Appendices — Tooth contact analysis researches
We do tooth contact analysis (TCA) researches fiferdnt gears in the function of the geometric
parameters and the material type. We analyse thiectozone between the teeth which is established
by the effect of the load.

Some results could be seen on Figure 9.
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Figure 9. TCA analysis of a given geometric spur gear (m¥b, m=25, 2=35).

References

[1] Bodzas S 201Tomputer Aided Designing and Modelling of X-zeroaG®rive International
Review of Applied Sciences and Enginee8fig 93-97

[2] Erney G 1983Fo0gaskerekekliiszaki Konyvkiado

[8] Juhasz | 199%zamitbgépi geometria és grafikdiskolci Egyetemi Kiad6

[4] Litvin F L and Fuentes A 2008ear Geometry and Applied ThepGambridge University Press

[5] Terplan Z 19785épelemek IVKézirat, Tankdnyvkiadd

[6] MSZ szabvanyg§jtemények 91 1985 Fogaskerékhajtasok, Szabvanykiado

[7] Erney G 1959 fogaskerekek mérése és gyartaséheise Miiszaki Kényvkiad6



