HCR Gears in the Industrial Gearbox

M. Burian, M. Trochta, and J. Havlik

Abstract Gearing with a prolonged contact ratio — so called HCR gearing is used
more and more in these days, mainly for the gearboxes in the automobile industry,
and for other transport machines. HCR gearing mainly influences the noise reduc-
tion in the gearing system. Relative addendum of the HCR gearing usually changes
the height of the gear h; however, this value must be higher than h} > 1.
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1 Comparison of a Standard and HCR Gearing

In the Figs. 1 and 2, you can compare a standard and HCR gearing.
Advantages of HCR gearing with contact ratio coefficient g, > 2

» reduction of gear load because they occupy two and more teeth

e bigger carrying capacity in comparison with standard gearing

» noise reduction due to larger coefficient of gear profile

« there are not spontaneous changes of stiffness as in the usage of ¢, < 2

Disadvantages of HCR gearing

» application and production, special tools for gear production
» smaller possibility of corrections, larger amount of teeth
e higher values of slidings courses [1, 2]

2 Selection of HCR Gearing in the Industrial
Gearbox MTC 42 A - 210

We had a discussion with TOS Znojmo company’s designers if there should be a
financial investment made for the HCR gearing production of the existing front
industrial gearbox MTC 42 A - 210, see Fig. 3 [3].
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Fig. 1 Gearing with HCR
profile

Fig. 2 Gearing with a
standard gearing sprocket

Fig. 3 Front industrial
gearbox MTC 42 A - 210
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Fig. 4 Gearing production
in TOS Znojmo

Table 1 Parameters of the front industrial gearbox MTC 42 A — 210

Number |Module |Angle of sprocket’s | Wheel’s Cog wheel’s Axial distance
of teeth [mm] inclination width [mm] | material [mm]

4 Zy | MNi2 [ 1 2 1 2 aw1.2

23 |91 |1 20° 24 18 16 220 |14 220 |61

Company TOS Znojmo produces all cog wheels itself, see Fig. 4. Therefore if to
invest funds to HCR gearing production.

Industrial gearbox is the most produced article in the company. There are no
tools for non-standard HCR gearing production. The original size of gearbox,
material for cog wheels, and the same gear ratio must remain. The original module,
teeth number, and wheel’s depth were kept.

3 Strength Calculation for Bend and Contact

I made a strength calculation of gearing for the appropriate bend and contact. Only
first gearing is introduced here z, z,. Values for calculation are in the Table 1.

It is impossible to determine which parameters are the best for the calculation
while choosing parameters for HCR gearing. It depends on the concrete usage of
industrial gearbox, peripheral speed, carrying capacity of wheels and technological
possibilities of gearing production.

By the calculation of HCR gearing for gearing 1,2, I changed the relative
addendum by both, the teeth of the pinion, and the cog wheel from value 1,02 to
value 1,20. It is possible to change relative head clearance cj ,relative radius pgp and
mesh angle a. Alteration possibilities are in Table 2. First column is for relative
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Table 3 Gear strength verification of gearings 1 and 2

Producer | Calculated values
I 1L m.  [IV. | V. VI | VIL | VIIL
Strength Sr1 3.14 3.17 [320 [3.18 [320 |3.14 |[3.12 |[3.17
calculation of | 5p yyuxy | 446 442|437 441 438  |446 449 | 441
ii‘;g’i”’é ziafor [ | 1400 1400 | 1400 |1400 |1400 | 1400 |1400 | 1400
6F maxz | 502 481 |477 |473  |512 (492 (511|502
Strength S 1.39 142|144 |147 144 143 140 139
calculation of | gy \iav | 1.296 1.269 |1.244 [1.220 |1.247 |1.259 [1.284 |1.296
gearing z, 2 for ['g 1.39 142 144 147 |144 [143 140 |[1.39
contact Gnmaxa | 1296 | 1269 |1244 1220 | 1247 | 1259 | 1284 |129

addendum tooth h} =1 of standard gearing profile — value of created industrial
gearbox MTC 42A — 210. Calculation was done by using software “Geometrie”.

By the calculation, I found out the timing coefficient of the gear profile ¢,, the
timing coefficient gear profile ¢4 and the total coefficient of time for the contact ratio
€, = €q + €5. In Table 2 are the correction values of pinion x; and the wheel x, [4].

From the table, it is visible that the contact ratio of mesh angle o« =20° has
increased the gear profile ¢, in comparison with the original value in the first
column (standard gearing). Duration of the mesh profile has increased ¢, = 3, 62.
The highest value of the contact ratio &, = 3,82 is for the last column VIIL In
addition to the relative teethes addendum h*, I also had to change the mesh angle o
and relative radius of the gear heel p}kp. Requested axial distance a2 = 61 mm
showed in Table 1 must be kept. Calculated axial distance doesn’t match the
requested one. The difference is evened up by corrections of stabilization of the
specific slips.

3.1 Simplified Strength Verification

I made a simplified strength verification of gearing based on CSN 01 4686 — part
4 with the help of software CSNw. Results of strength verification are in Table 3 [5].

Indexes 1 are for the pinion and indexes 2 for the wheel. Particular quantities
(parameters) are:

Sr — safety factor versus formation of fatigue failure in the tooth heel,
or max — bending stress of tooth heel in the dangerous section,

orp max — allowed stress during the bending = 1400 MPa,

Su1 — safety factor versus formation of fatigue failure on the side tooth,
o max — touch stress (Herz pressure) in the rolling point,

oup max — allowed stress during the contact = 2400 MPa.
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Conditions for strength verification according to the formula (1), (2), (3) and (4):

OFP MAX1 2 OF MAX1 (1)
OFP MAX2 2 OF MAX2 (2)
OHP MAX2 2 OF MAXI1 (3)
OHP MAX2 2 OF MAX2 (4)

Particular safeties, bending stress and stress in the contact haven’t changed much.
All conditions were fulfilled according to the formulas (1), (2), (3) and (4). Allowed
stress is always higher than applied stress. There is no sense to use nonstandard HCR
hearing for small modules. The Contact timing ratio of teeth profile hasn’t changed
much compared to original value of the standard gearing. Carrying capacity of cog
wheels hasn’t changed much in comparison with standard cog wheels of standard
tooth profile. It is too expensive to use these teeth for this industrial gearbox. It is
necessary to purchase a special tool for the production of the gearing, which the TOS
company doesn’t have available. Existing gearing is satisfactory.

4 Gearing from Modules 1 up to 9 mm HCR

Further, I devoted my time to HCR gearing usage during module changes. How big
stress in the bending or contact will then influence (with the change of the module)
imaginary axis distance? Apart from module and tooth number, the values are the
same as in Table 1. I changed only relative addendum. The other parameters are the
same as in the standard gearing.

4.1 Comparison of the Standard and HCR Gearing

In Fig. 5 is the comparison of bending stress in perilous (hazardous) place of pinion
tooth of both standard and HCR gearing.

In the Fig. 5 is indicated the stress increase and decrease. And that at all the time
by the module 2,75 mm.

Because during the calculation of bending stress in the perilous profile of the
tooth heel in the pinion of y4x; and in the wheel of p4x2, the coefficient slope
sprocket is changing Y. Based on the Fig. 6 this coefficient is dependent on slope
sprocket B, =20° and on the contact ration of the profile .

Up to the module 2.5 mm, the contact coefficient ratio of the profile 4 is bigger
than “1”. Therefore the coefficient of sprocket’s angle Yy is constant up to this
value, see Fig. 6. From the module 2,75 mm, the contact ratio of the profile g is
smaller then “1”. Therefore there is a change of the coefficient slope sprocket Yg,
which influences bending stress in the dangerous profile of tooth heel in the pinion
OF MAX1 and on the wheel OF MAX2.
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Fig. 5 Bending stress in the dangerous profile of tooth heel in the pinion
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Fig. 6 Coefficient of sprocket’s angle Yy

5 Conclusion

Usage of HCR gearing is beneficial. Larger safety factor versus creation of fatigue
failure in the tooth heel in the pinion and on the wheel. And to decrease of safety
factor versus creation of fatigue failure of the side teeth on the wheel and in the
pinion. With increasing module, there is a decrease of bending stress in the perilous
profile of the tooth heel in the wheel and on the pinion. The disadvantage for the the
gear production is the production of a non-standard tool. There is no sense to use
non-standard HCR gearing for seller modules. It is possible that the company TOS
Znojmo will not produce gearing with a small module. Depending on concrete
usage, larger modules may be used.
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