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B. KOPILAKOVA, M. BOSANSKY, L. PETRAK

COMPARISON HRC AND C-C GEARING FOR DAMAGE TO PITTING

Posrmanyti 3y6uacTi 3aueruienHs eBonsBeHTHOro THIy (HCR) Ta HeeBombBeHTHOTO — Omykao-yBirayroro (C-C), 3 mo3unii mitinry. Omucana ¢ynna-
MmenTansHa pisHUI Mixk HCR Ta C-C 3y04acTuM 3a4eIuIeHHsM Ta BIUIMB 3aJIXKHOCTI KOe(il[ieHTy KOB3aHHS K IOMIKOPKEHHIO 3y0dacToi mepenadi.
HagezneHo pe3ynbTaTi eKCIIEPUMEHTY JIUTs 000X THIIIB 3y04acTHX 3aueIuicHb Ha cTeH i HblomMaHa i1 BU3HAUCHHS MITIiHTY.

Ku11040Bi c10Ba: miTiHT, BepuirHa 3yda, BTOMHE BUIIEPOICHHS, OIyKIIO-yBIrHYTE 3a4eIlICHHS, CBOIbBCHTHE 3aUCILICHHS

Paccmotpens! 3ybuatsie 3amemienns dBonsBeHToro tina (HCR) u HesBompBenTHOTO — BBIMYyKIO-BOrHyTOro (C-C), ¢ mo3unun nmuttuHra. Omucano

¢dynnamenTanbHoe pasnnane Mexay HCR u C-C 3y0uaTsiM 3alieuIeHHeM | BIMSHHUE 3aBUCHMOCTH KO3()(GUIIMECHTA CKOIBKEHNUS K MOBPEXKICHUIO 3y0-

4aToi nepeaydn. [IpuBeACHBI PE3yIbTAThI SKCIEPUMEHTA, sl 00OMX THIIOB 3y04aTOoro 3auemuieHus Ha creHae HproMaHa [uist onpeeeHus TUTTHHTA.
KiioueBble ¢J10Ba: MUTTHHT, BEpIINHA 3y0a, YCTATOCTHOE BBIKPAIIMBAHHUE, BHITYKIO-BOTHYTOE 3alleIICHHE, YBOJIbBEHTHOE 3alleIICHHE
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In this article are comparison HCR and Convex-Concave (C-C) gearing from the point of view to pitting. The introduction of the article describes a
fundamental difference between the involute HCR and noninvolute (C-C) gearing and the influence of some parameters, especially of the slip ratio to
damage of gearing. The paper also shows the basic results of the experiment, which was executed on two types of gearing (involute HCR gearing and
noninvolute C-C gearing) on the Niemann's stand from the point of view damage flank of tooth to pitting.

Keywords: pitting, tooth flank, fatigue wear, C-C gearing, HCR gearing.

Introduction. The influence of time-variable load in
transfers commute to the mechanical fatigue abuse. As is
well known, during the engagement of the tooth under the
influence of surface and subsurface tension is formed stress,
which results to the pitting. Touching of the surface of the
working portion of the tooth leads to removing of the metal,
to splintering of the particles of surface and to the formation
of the holes, i.e. to the formation of pitting. The emergence
of pitting are also influential the factors such as: the geomet-
rical parameters of gearing, the ratio of traction determining
the loading tooth by the external forces, the resolved shear
ratios on the tooth faces, the frictional forces, the finish of
tooth faces, selected material and hardness of the working
tooth faces of the pinion and the gearing, the properties of the
lubricating oil and operating conditions [2].

Characteristic types of the gearing based on mating
line. Touching of two tooth is the point of touch during the
rotation moved. The geometric point of all the items image
that progressively come to the gear is the trajectory — mat-
ing line. According to the shape of the mating curve and its
position in term of the rotating centre of the profile, is also
defined the type of the gearing. The gearing is clearly de-
fined by the shape of the mating line, however the shape
can be generally arbitrary.

General planar gearing can be understood as the gear-
ing with the axis of rotation O1, O of the both together en-
gaging wheels. It is defined by the mating line "S", com-
posed by two circular curves that centres lies on the any
straight line crossing the point C. The centres of the circular
curves can be in the headquarter or out of it and the ratio of
the circular curves could be arbitrarily sized [2]. In general
the gearing can be divided on the bases of the process of
the mating line, whereupon the gearing is distinguished by
the following tooth face:

1. In case that the curvatures of the mating line "S" are
not identical with the curvatures of the rolling circle, both to-
gether engaging wheels and the centres of the arc Sk# and Skd

0

1

that form the line of engagement and lie on the centre joins of
the rotating of the wheels, that is the case of cycloid gearing.

2. In case that the angle of the mating line and the ra-
dius of the both parts of curvatures, which are representing
the mating line and having infinitely large radius. The cur-
vatures of the circle are degenerating to the line, what de-
fines the involute gearing.

3. In case that the mating line "S" is composed of two
circular curvatures, which centres are not on the headquar-
ter of both wheels then it is the special case of general pla-
nar gearing — convex-concave (C-C) gearing. Its properties
are depended on the geometrical parameters of the mating
line: the angle of the slope of the mating line, radius of the
circular curves of the mating line defined by the angle shot
and by the endpoints of arcs of the mating lines defined by
the angle or by the coordinates of relevant points, resp. [2].

C-C gearing could be generally understood as any
gearing, which the tooth face forms a curve with the con-
vex-concave portion, where in the mating line may be com-
posed of two non-symmetrical or symmetrical arcs (fig. 1)
[3]. If the mating line is defined by one or more of general
curve, it is a case of the virtually identical case to the case
of the fig. 3. In practice, we can meet with a combined mat-
ing line, for example when in the vicinity of pole C the
gearing is defined by the linear mating line and in the other
points by circular curves [3]. From this it is clear that the
curve of the tooth face and may take the form of a general
curve (involute, cycloid, epicycloid, hypocycloid, etc.).

Evaluation of the pitting in the drives gearing. Geometric
and qualitative parameters of gearing can strongly influence
their failures. In case of pitting, the failures are mainly meas-
uring deviations. Since the goal of this presentation is to com-
pare involute HCR gearing and non-involute C-C gearing,
there are developments of deviation rates for a sprocket and a
wheel shown in the fig. 2. In the fig. 3, the development of
distribution of strain of teeth along mating line is described.

b

Fig. 1 — C-C Gearing: a — non-symmetrical; b — symmetrical

78

Bicnux HTY "XIII". 2016. Ne 23 (1195)



ISSN 2079-0791

Tlpobnemu mexaniunoeo npusody

—""70,807

0,50
124

0,11

——

-0,50 A
-0,141 / ~ -0,124

2 /
€ 1,50
™
B
7 /

2,50

/ ¥2610
-3,50 4
3,390
4,50

=l s|ip ratio 81 C-C gearing === s|ip ratio 92 C-C gearing <===&== slip ratio 91 HCR gearing === slip ratio 82 HCR gearing

Fig. 2 — Slip ratio of involute HCR and non-involute C-C gearing

In the fig. 4, a, pitting on involute HCR gearing is
shown and in the fig. 4, b, it’s the pitting on non-involute
C-C gearing. It is obvious that in case of involute HCR
gearing, the pitting developed under rolling circle and in
case of non-involute C-C gearing it developed around or
above the circle. The origin of pitting in non-involute C-C
gearing strongly influences its geometric parameters and
the size of contact pressure. If we change some of the pa-
rameters or the combination of them, we can get a change
of the curve of the tooth face [3].

Conditions of stroke in C-C gearing and in involute
gearing are different. That is why we have to verify the the-
oretical thinking about contact solidity of C-C gearing
which we gained through MKP method through an experi-
ment and find out if the usual procedures of involute geari
ng are applicable on C-C gearing too. One of these param-
eters is fatigue ratio during straining in touching. Niemann
stend, standard testing machine with enclosed output in ac-
cordance with norm DIN 51354 according to methods FZG,
was used for experimental finding out of values of fatigue
ratio for C-C gearing as well as for the standard involute
gearing in accordance with norm DIN 3990 T5.

During the experiment C-C gear was tested under given
strain based on analysis of suitable geometrical parameters

at UDTaK SjF STU in Bratislava and made of non-hardened
carbon steel classed C60. Conditions of stroke in C-C gear-
ing and in involute gearing are different. That is why we have
to verify the theoretical thinking about contact solidity of C-
C gearing which we gained through MKP method through
an experiment and find out if the usual procedures of involute
gearing are applicable on C-C gearing too. One of these pa-
rameters is fatigue ratio during straining in touching. Nie-
mann stend, standard testing machine with enclosed output
in accordance with norm DIN 51354 according to methods
FZG, was used for experimental finding out of values of fa-
tigue ratio for C-C gearing as well as for the standard invo-
lute gearing in accordance with norm DIN 3990 T5.

During the experiment C-C gear was tested under
given strain based on analysis of suitable geometrical pa-
rameters at UDTaK SjF STU in Bratislava and made of
non-hardened carbon steel classed C60.

The basic principal of testing gearwheels on load ma-
chines DIN 51354 consists of gradual loading of gear and
finding out the number of finished cycles until damaging
the testing sample. 8 different tests were made at 3 different
load levels A+C with gradual decline of load (table 1).
Three experiments were made at first two levels. 2 experi-

i L3E,
100% Load L3F,
' 13,
Ea
P
P
St!l
a
E /
0,

Fig. 3 — Allocation F» along mesh in: @ — HCR gearing; b — C-C gearing
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Fig. 4 — Pitting: a — non-standard gearing HCR'?, &, = 2,003; b — C-C gearing, &, = 1,116

ments were made at the third level near to high-cycle fa-
tigue. The load at each level was set by lever mechanism
[2]. The experiment was interrupted after given number of
cycles so the area damaged by pitting could be evaluated.

Table 1 — Burden surfaces

Surface i Load torque Mj()
A Mk(A)=265 N-m
B Mk(B)=185 N-m
C Mk(c)=125 N-m

There are many ways of evaluating in which the con-
dition of damaged tooth faces by pitting. In the past the
damaged area have been deducted through the squared net-
work of the graph paper, what was too laborious and time-
consuming. Later, the situation was simplified by using dig-
ital cameras and their interface with PC. The disadvantage of
this method is the necessity of a lot of configuration and com-
pliance of lighting conditions during the taking the photog-
raphy for the best possible quality of the image.

In consideration of the weaknesses of the used meth-
ods so far, we have proposed and used a new method mac-
rophotography [7], the principle of which is shown in fig. 5.
The digital microscope connected via USB to a personal
computer was obtained a digital image of each tooth faces
of the testing gearing. The image was recorded directly to
a PC. To evaluate the percentage of damage of each tooth

faces was used the Pitting — check software that allows to
process digital images. The program includes utilities that
enable simple system of check sampling areas affected by
pitting. Also, the beveled edges are considered etc. Then
the content of the damaged surface is percentually shown
and compared with the value limit state. This new method
streamlines the procedure of evaluating of the damaged
state during the experiment. On the base of the extent of
damage was determined following step of the experiment
or its termination.

Conclusion. The experiment was done at the STU in
Bratislava on Niemann's stend and the same conditions and
load for HCR and C-C gearing. The results that have been
obtained are the following: in the tests of the C -C gearings
the samples were tested in the range (265+125) N-m, what
corresponding to the period of the marked examination to
failure (437+1483) hours and to the range of probable num-
ber of cycles to failure, approximately (18+65)-10° cycles.
The description of the pitting formation shows that in C-C
gearing, this type of fatigue wear much less aggressive than
in HCR profiles, where the initialization of the crack occurs
at greater depth. At the first load rate on the surface of A (Ta-
ble 1) in the C-C gearing, where Mk = 265 N-m and the mar-
ginal state of the contact stress occurred at 19 106 cycles. The
percentage of damage to tooth flank was evaluated by soft-
ware Pitting — check and showed 4,04 %. On the reduced
load rate on the surface of B, where Mk = 185 N-m, this
state occurs at 50 106 cycles with damage of 3,83 % on one

Fig. 5 — The principle of evaluation pitting makrofoto graphical method:
1 — created a digital image; 2 — processed a digital image;
3 — with program marked damage area; 4 — evaluation of damage (%)
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