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KiroueBble cj10Ba: peIyKTOp, CTYIEHb, MEPENaTOYHOE YWCIO PEAYKTOpa, YEpBSYHAs Iepeaaya,
KOHHMYECKas Iepeada, yCIOBUe Pa30UBKH MEPEIaTOYHOTO YUCIIA.

A”HoTanudA. I[Ipoananu3upoBaHbl BapHaHTHl PAa3OMBKU IEPEJATOYHOTO YHCIIA YEPBSIYHO-
KOHHYECKOTO PEIyKTOpa IO CTYNMEHsM. [lodydeHbl pacueTHble 3aBUCHUMOCTH JUISl ONpPEICIICHHS
NepeaTOUHBIX YMCEll CTYMEeHEeH peayKTopa U3 yCIOBHUA cMa3ku o0eux cTymeHei. PaccMoTpeHs! aBa
BapHaHTa KOHUYECKOH Iepenadn — ¢ MPSMBIMH U KPYrOBBIMH 3yObsiMu. Pa3OuBKa mepenaTodHoro
4yucla YEpBAYHO-KOHMYECKOIO pPEAyKTOpa M3 YCIOBUS MUHHUMM3ALUUA IIEPUMETPA OIOPHOMU
MIOBEPXHOCTH PEIyKTOPa 00ecIeYrnBaeT KOMIAKTHOCTh 3aHUMAEMOM PEAYKTOPOM TuTomaan. Pacuers
BBITITOJIHCHBI JISI PA3JIMYHBIX codyeTaHui MaTCpHraJIOB YCPBAYHOI'O KOJICCA U CHOCO6OB YIIPOYHCHUSA
3yObeB KOHHYECKOW Mepeavm.

Formulation of the problem

The partitioning of the gear ratio of a multi-stagearbox by steps is a
multivariate task [1-3]. The results of its solutidargely determine the technical
characteristics of the gearbox, in particular, blerication conditions of its stages,
overall dimensions, uniform strength, etc [4, 5].

The gear ratiod =U, [U,, of mass-produced designs of two-stage gearboxes

with input and output shafts parallel axes doesaxaeed (50 ... 60). This is due to a
constructive restriction on gear ratibd, =8 and U,, =63 two cylindrical gears,

respectively, of the high-speed and low-speed stajehese gears, [1]. One of the
ways to significantly increase the valugdsof gears with parallel axes of the input and
output shafts was proposed in [6] — the use of analmevel gearbox (WB), figure 1.
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Fig. 1. The kinematic scheme of the worm-bevel ¢&lar
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The use of WB gearboxes will allow, under the coirreestrictions on worm
(U, <80) and bevel(lU, <6) gear ratios to significantly increakk the gearbox — up
to U =15(...20C and more [1]. This, in turn, will make it possiltidg U >8C to replace
cumbrous 3-stage spur gearboxes with more compasta@e WB gearboxes. The
question boils down to a rational partitioning dketvalueU of the WB gearbox
between the worm gedlJ,) and the beve(U, ) gear. The basis of this partitioning

can be based on various conditions: the minimuhefWB base surfacE,,,), the
minimum of the BW volumeV,,;,), the equal strength of the stages on the contact

endurance of the teeth, the condition of lubricatad both stages, etc. This article
presents the results of a study on the partitiomhthe WB gear ratio gearbox both
steps from the condition of minimizing the perinmeté the base surface of the BW
gearbox.

1. The partitioning of the WB gear box from the condition of lubrication
Fulfillment of the condition of the partitioning kilxe BW steps with lubrication
will provide the same depth of immersion of the elsdor both stages of the gearbox
into the oil bath. This condition is reduced to &gy
d, =d,, 1)
whered, u do, — the pitch diameter of the worm wheel and theopitch diameter of

the bevel wheel, respectively.
Parametersl, u d., we will find, using the main criteria of the woramd bevel

gear performance — the contact endurance of tlle, t@éh the maximum level of their
loading, that is, withoyy=[oy], u oyyy=[oy]; (index | refers to worm

transmision, indexl — to bevel transmission), [7]:

3
5300 | 1+z,/
GH(I):ZZ/Q%/L a; q] Ky Oz =[oy]y; @)
3 1000K () O3 Wy,
Onqry = 21200 3 =[ouly - 3)
eH Eje2
For equality (2)
4=2/4 ay=C W "W Koy =1L T, =T3/Uy, (4)
2
whereC, :5[1/( ©300 J Ky 1y =const Wherein:
4oy ],
203y, Hna ~1/3  1/3
d, =mlz, = = =16 =16I[C, [ [;"=, (5
2 2 22+qm {q222/4} 16L&y = 16LC, | (5)
2
wherea~=(1+ﬁjti/( 2300 J Ky, T, =C, W B2,
q [ow] 22/ q

For equality (3):
Kuay =13 de=Cy WP 6y =g+, =¢ +c, W W™, (6)
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K
whereC,, =16503 % =const; ¢, andc, — constants depending on the hardness
On i

of the gear teeth and the bevel gear wheel [7].

Tabl. 1.
Hardening gears / wheels C, Ci
HR:/HR; 1,22 0,21
HIH,/HR, 1,13 0,13
HIH,/ HIH, 0,81 0,15

Hear: HR/HR; — heat refining pinion (1) and wheel (2) bevehsmission; HIH/HR,
— high induction hardering tooth of pinion and hesdining wheel tooth; HIH HIH, —
high induction hardering tooth of pinion and wheel.

With these substitutions, the partitioning conditigl) transforms into the
following equation:

1.1. Solving equation (7) for spur bevel gears eomog U,, that is, for
8, = 085, [7], leads to a linear relationship betwe&én andU :

U, =k [U, (8)

wherek, = 0540/(C,, /C, ) = const The values of the constarksare given in table 2.

Tabl. 2.
Ne 1 2 3 4 5 6
K, 0,92 | 0,78| 0,57 - 0,97 0,71
U <87 | <102 | <140 <82 | <112

NumbersNe 1 ...Ne 6 correspond to the following combinations of mals of
the teeth of the worm wheel and methods of hardetia gear teeth and the wheel of
bevel gear:

1— TLB+ HRy/HRy; 2 — TLB + HIH,/HR,; 3— TLB + HIHy/ HIH;

4 — TB+ HR/HRy; 5 — TB+ HIH/HRy; 6 — TB + HIH,/ HIH;
where “TB”u “TLB” — tin bronze and tinless bronze at the teethhe worm wheel.

The bottom line of the table. 2 given limit valuad for which the
recommendation is made for power worm geblis< 80. Dashes in the table. 2 means

that for combinations of constants from No. 4, gipaning U of the WB gearbox [8-
10] is not possible according to the lubricatiomaition, since it is a valu&J, >80.

From table 2 it follows that the greatest oppotiaesifor a partitioningd from the
condition of wheels lubrication at the WB gearbog #or No. 3, where the limitation
U, <80 is fulfilled whenU =80C...112.

1.2. For a bevel gear [11, 12] witircular teeth that is, with6, =c, +¢c, U,

function (7) is converted to a quadratic equationd, : UZ+b, [W, +b, =0, one of
the roots of which is defined by the expression:
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U, =-05b, ++ 0250B; ~b, , 9)
hereb, =-(0,244/c)C, /C,)*W?%  b,=(c,/c)W.

For the convenience of practical use of the progpasethod of dividingJ the
steps of the WB gearbox, the function (9) is appnated by a power dependence of
the form U, :kszt. Numerical calculations for the operating rande=10...80
showed that the power dependence is practicalhstoamed into a linear

U, =k, [U, (10)
as an exponerit=1. The numerical values of the coefficidgtare given in table 3.

Tabl. 3.
No 1 2 3 4 5 6
k 0,67 0,66 0,33 0,68 0,79 0,66

2

U <122 <13z <16c <96 <10t <96

According to the foundJ, is corresponding to hitd, =U /U, . As can be seen
from the table 3, the rangék for different combinations of constants under \ahtice
constraintU, <80 is maintained differ significantly: frond =7C...96 for No. 6 to
U = 70...16¢ for No. 3.

2. The partitioning U of the WB gearbox from the condition of the minimum
perimeter of the housing base
The compactness of the area occupied by the WBbgeais achieved by
minimizing the perimeter of its bage=2[(L + B) (dimensionsL and B in figure 1).
Using the above analytical dependencies for thamaters of the worm and bevel
gears, we obtain the calculated ratios for the dsims of the WB gearbox base
surface L =L(U,) andBU,):
L=0d,+de, =04[C, W W +C, wj*m"?
B=d,=16[C, W Y3mwl3
As a resultt
P=PU,)=22C, W " +c, w w3} m"3). (11)
Presented as an example graphically in figure Ztions (11) indicate the
presence of their valud3 =P

min *

Specific valuedJ, found from the equatiodP(U,)/0U, =0 and corresponding
to the conditionP = P, are calculated by the formula:

U, =ClU, (12)
whereC = 0380/(C, /C,)* — constant table 4.
Tabl. 4.
Ne 1 2 3 4 5 6

C 0,65 0,55 0,40 0,80 0,69 0,50
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Fig. 2. The function of the half-perimeter of theesb WB gearbox

The calculations of the consta@t are made for a WB gearbox with a spur bevel
gear. In the WB reducer, in which the bevel gear tiecular teeth, as shown by the
numerical analysis of the equation roots (11), ritgaing U by conditionP = B, is

not possible, because the gear ratios of thedfiagteU, > 80.

Formula (12) and the values of the const@nare valid for the following ranges
U of the WB reducer:
Nel —U =70...12E; Ne2 —U =70C...14E5; Ne3 —U =70...20C;
Ne4 —U =70C...10C; Ne5 —U =7C...11E5; Ne6 —U =70...16C.
Outside the specified ranges, the use of WB geadbwill lead to valuet), or
U, , exceeding their maximum recommended values.

Conclusions

A technique for partitioning the gear ratio of armebevel gearbox in steps from
the lubrication condition, in which lubrication pgovided by immersing the wheels of
both gears in oil bath has been developed. Thaileddd dependencies for the gear
ratiosU, andU, WB gearbox stages, which satisfy this conditiodamthe existing

restrictions on the valudg, andU, , are obtained. In this case, two variants of a&ebev

gear are considered — with straight and circulethte

A technique for partitioning the gear ratio of tiéB gearbox based on the
condition of minimizing its base surface perimageiproposed. This approach in the
partitioningU of the WB gearbox if the bevel gear of the gearbas straight teeth can
be implemented.

The use of the WB gearbox in drives with paralkehagement of the axes of the
input and output shafts is an alternative to twagset helical gearboxes, for which
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U =6,3..50, and three-stage helical gearboxes, which canmpéementedJ in the
WB gearboxU =16...25C, but significantly longer than them.
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RATIO PARTITIONING OF WORM-BEVEL GEARBOX BY STEPS
Shevchenko S.V., Muhovaty A.A., Krol O.S.

Keywords: gearbox, stage, gearbox ratio, worm gear, beeak,gthe condition of the gear ratio
partitioning.

Abstract. Options for the partitioning of the gear ratio bétworm-bevel gear in steps are analyzed.
The calculated dependences for determining thegaif the gearbox stages from the condition of
lubrication of both stages are obtained. Two vasiari bevel gear are considered — with straight and
circular teeth. The partitioning of the ratio fdnet worm-bevel gearbox from the condition of
minimizing the perimeter of the gearbox base serfatsures compactness of the area occupied by the
gearbox. The calculations for various combinatimisworm wheel materials and methods of
hardening the teeth of a bevel gear are performed.
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