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In the article the results of the studies are given on the establishment of the influence
of the technological parameters of the assembling with the interference connections shaft-
wheel is toothed without the keys with the use the combined thermal method during the
combination of heating the wheel of the toothed and the low-temperature cooling of shaft.
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In different transfers wide application found the cylindrical connections shaft-wheel
toothed, connected with the use of key landings and which work with the diverse forms of
operating loads. However, key connections in design and technological sense are imperfect,
and also they lead to an increase in the metal content of composite articles. In a number of
cases they use during assembling of shafts with the wheels toothed couplings with the
interference and the keys. In this case for guaranteeing the operational strength the
interference can be basic or auxiliary construction-engineering element. In one case major
portion of the load is received by landing, and key roofing to additionally guarantees strength
of connection, in the second case the interference fit is used for the partial unloading of key
and centering of components. The key and interference fit together do not work in also the
time with the reversible load. For guaranteeing their joint operation key must be established
on the thrusts in both grooves, and this creates the specific technological difficulties and leads
to the additional economic expenditures [1].

By the most universal and expedient connection of shaft with the wheel toothed in the
absence the keys connection with the interference, whose assembling is accomplished by
different thermal methods [1, 2]. These connections transfer the significant both constants by
the value and the direction torques and cyclically changed on the value and the sign. In these
cases the guarantee of the increased operational strength of interference fits is very important.
Different standard forms of microrelief and topology of its putting on the shafts for this
purpose are used. However, in a number of cases these methods do not nevertheless satisfy
the requirements of operational reliability. Therefore it is very important to develop new in
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the forms of microrelief and its topology, which would consider form and nature of operating
loads, the technological parameters of the realization of the technology of assembling with the
temporarily formed thermal clearance [3, 4].

Formulation of the problem

The establishment of the values of the technological assembly-line parameters with
the combined thermal method of assembling the in the absence the keys landings of the
connections shaft- wheel is toothed, which will ensure an improvement in the quality of the
composite full-scale articles, which work on the twisting. In this case was provided for the
application in the zone of contact of the connections of the persistent regular microrelief,
applied to the shafts in parallel to the axis of connection, also, with different parameters of the
area of putting (topology) [5, 6].

Objects and the methods of the investigation

As the subjects of a study serve the in the absence the keys connections shaft-wheel is
toothed, connected with the interference by thermal methods. For the solution of the problems
presented were used the fundamental theoretical positions of the technology of machine
building, theory of plasticity, elasticity and thermal conductivity, methods of the optimization,
probability theory, mathematical statistics and the method of the final elements, regression
analysis, computer programming.

Results and discussion

Comparative studies according to the evaluation of the influence of the technological
assembly-line parameters the stress-strained state and strength of in the absence the keys
cylindrical connections with the interference are examined per the carrying assembly unit shaft-
wheel the toothed cylindrical. The diameter of landing is accepted equal to 52 mm, the length of
landing 50 mm, the outside diameter of the gear of 180 mm. Roughness of the contact surface of
the components of R,;=0,8-1,25 mkm. Calculated assembly-line interference was preliminarily
calculated and accepted equal to 0,080-0,110 mm. Material of the wheels of toothed steel of 40X,
shaft steel of 40XH2. In this case the influence on the quality indicators of the connections of the
height of persistent regular microrelief and area of its putting on the shaft was examined. Taking
into account that shaft- wheel toothed in the process of operation they undergo twisting, it was
accepted to bring microrelief to the shaft in parallel to the axis of connection. For the formation of
connections with the interference the necessary values of the temperature of thermal influence for
the mating parts, which make it possible to accomplish assembling with the thermal temporarily

formed assembly-line clearance, were calculated.
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In terms of the obtained computed values of temperature were executed the
experimental-design studies the tension-strained state of the connection of the wheel of
toothed with the shaft with the use of a method of final elements. The partition of the wheel of
toothed and shaft into the finite-element models was carried out for this, approximating the
full-scale articles. Then they were carried out the technological preparation of the
components, their assembling by the thermal methods and strength test during the twisting (to
the turning). The results of experimental studies of the averaged stresses are represented in
Fig. 1, 2 and the strength in Fig. 3.
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Fig. 1. Distribution of equivalent stresses in the wheel toothed o, (a) and the shaft c,, (b)

during their assembling by thermal methods with the interference:

1 — with heating of the wheel boss to +178...+183°C;

2 — by cooling nave down to -192...-195°C;

3 — with heating of the wheel boss to 185...125°C and by cooling nave down to -56...0°C
without the regular microrelief;

4 — with heating of the wheel boss to 100...40°C and by cooling nave down to -163...-103°C
without the regular microrelief;

5 — with heating of the wheel boss to 80...20°C and by cooling nave down to -186...-126°C
without the regular microrelief;

6 — with heating of the wheel boss to 100...40°C, by cooling nave down to -163...-103°C
and with the use of regular persistent microrelief with the height R;=0,1Nmin, 0,3Nmin
and 0,5Nnin accordingly.
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Fig. 2. Distribution of equivalent stresses in the wheel toothed o, (@) and the shaft c,, (b)

after their assembling in a combined thermal manner with the interference with
heating of the wheel boss to 100...40°C, by cooling the nave to -163...-103°C and
with different length L (the area) putting the regular microrelief:

1 — putting regular microrelief on the length of the landing L, = 10 mwm;

2 — putting regular microrelief on the length of the landing L, = 25 mm;

3 — putting regular microrelief on the length of the landing L, = 50 mm;

© KuiBchkuil HalllOHATBHUI YHIBEPCUTET TEXHOJIOTIH Ta nu3ainy, 2012 3



TEXHOJIOTII TA IM3AHH Mawunu ma obnaonanms 1e2koi ma
Ne3 (4) 2012 p. MeKCMUNbHOT NPOMUCTIO80CIII

¥p
kHm

23,5

23,0

80

6,0

55

5,0

4,5

i?%?%
%

5 30 Aw?

Fig. 3. Curved crankings of bushing relative to shaft in the coordinates torque M,
and the angle of the turning a., during the assembling:

1 — with the heating by heating the wheel of the toothed;

2 — with heating of the corona of the toothed;

3 —with heating of the corona of toothed and with the reticulated standard microrelief;

4 —with heating of the corona of toothed and with the regular persistent microrelief.

As a result the full-scale tests of the carrying units of reducers under the influence of
torque it is established, that koeffitsitnt of friction (cohesion), determined according to the tests of
laboratory models are completely reliable data and can be used for calculating the bearing
capacity of landings on the thrusts, which work in the conditions of the action of torque.

Conclusions

The results of the executed experimental studies made it possible to establish that to
the quality of connections with the interference of shaft with the wheel toothed during their
assembling by the combined thermal method of the assembling essential influence render the
interrelation of the temperature of heating and of cooling the mating parts before the
assembling, the parameters of regular microrelief and the topology of its fulfillment on the
contact surface of shaft. In this case:

1. The combined thermal method of assembling makes it possible to interconnected

reduce simultaneously the temperature of heating one component and low-temperature
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cooling of another, due to this to decrease the stress-strained state of the components before
the assembling and in a number of specific cases to decrease the power consumption, to
create specific conditions for introducing the microrelief, thereby to obtain the maximum
density of the contact zone and the strength of landings.

2. Are established with the combined thermal method of assembling rational
temperatures of heating and cooling the components during assembling of connections with
the interference. It is confirmed, during assembling of connections with the assigned
assembly-line interference after the levelling off of their temperature the stress-strained state
during the interconnected combination of reduction in temperatures of heating and cooling it
remains constant.

3. The application of the recommended regimes of uneven heating and cooling with
the temperature distribution in the wheel toothed and the shaft respectively in interval of
100...40°C and -163...-103°C with an increase in altitude of persistent regular microrelief in
the range from 0,008 to 0,04 mm, the stress-strained state of connections is reduced. In this
case equivalent stresses decrease by 26,61% in the wheel toothed and by 34,21% in the shaft.

4. The application of the recommended regimes of the uneven heating of the wheel of
toothed in the range of temperatures 100...40°C and coolings of shaft down to temperatures
-163...-103°C and increase in the area of putting the regular microrelief lengthwise of landing
from 10 to 50 mm ensure a decrease the stress-strained state in the wheel toothed to 49,36%
and the shaft to 39,02%.

5. The use of uneven heating of nave and sheave of toothed and cooling of the landing
part of the shaft respectively in the range of temperatures 100...40°C and -163...-103°C,
80...20°C and 186...-126°C make it possible to descend on 37 - 46% of expenditure of energy.

6. Calculated contact pressure and radial stresses are reduced with an increase in the
depth of the penetration of regular microrelief and area of its putting on the shaft. It is
confirmed that the maximum permissible height of microrelief during assembling of the
components of those prepared from steels must not exceed 0,5 from the value of minimum
assembly-line interference.

7. An increase in the area of putting persistent regular microrelief on the shaft during
the assembling by the combined thermal method of the assembling ensures redistribution and
reduction in the stresses in the contact zone.

8. The full-scale tests of reducers confirmed the results of theoretical-analytical and

experimental-design studies, that makes it possible to recommend the combined thermal
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method of assembling, persistent regular microrelief and topology of its putting on the shaft
for guaranteeing the increased strength characteristics of connections the shaft- wheel their
toothed with simultaneous decrease the stress-strained state expenditures.
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H.JI. Obopckui

Bnuanue mexuonozuueckux napamempos cOOPKU HA KA4eCmeo COeOUHeHuil ¢
HaAmMA20M 8a-KoJ1eco 3youamoe npu KOMOUHUPOSAHHOM MEPMULECKOM CROCODE

B cmamve npugedenvl pesynvmamvl UCCIEO08AHUL NO YCMAHOBLEHUI) GIUSHUSL
MEXHON02UYECKUX NApaAMempo8 cOOPKU ¢ HaAMA2OM OE3UNOHOUHBIX COCOUHEHUN 8AI-KONIECO
3y6uamoe ¢ UCNONL308AHUEM KOMOUHUPOBAHHO2O MEPMUYECKO20 CHOCOOA Npu COYemanuu
Hazpesa Koieca 3y04amoco u HU3KOMeMnepamypHo20 OX1axiCcOeHUs 8ad.

Kniwouesvle cnosea: coeounenue c¢ uamsicom, mepmuueckas cOopKd, 8ai-KOIeco
3youamoe

1LJI. Obopcokui

Bnaue mexnonociunux napamempie cK1a0aHua Ha AKicmo 3'€cOHaHb 3 HaAmMA20M
ea-KoJyeco 3youacme npu KOMOIHOBAHOMY MEPMIYHOMY CROCOOI

Y cmammi naseoeni pezynbmamu  00cniodceHb N0 CMAHOGIEHHIO  GNIUBY
MEXHONI02IUHUX NAPAMEmpI8 CKAAOAHHA 3 HAMALOM 0e3WNOHKOBUX 3'€OHaHb 6a/-KONECOo
3ybuacme 3 BUKOPUCMAHHAM KOMOIHOBAHO20 MEPMIUHO20 CROCOOY NPU NOEOHANHI HA2PIGAHHS
KoJleca 3y64acmozo ma HU3bKOmMemMnepamypHo20 0X0100M4CeHHs 84ld.

Knrouoei cnosa: 3’conanns 3 Hamsazom, mepmiune CKIa0aHHs, 8al-Koueco 3ybuacme
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