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Scopul etapei anuale conform proiectului depus la concurs

Etapa | (03.01.2020 — 30.06.2020): Studiul conditiilor de existenta a contactului ,,conform” si
“superior conform” al dintilor in angrenajele clasice si precesionale, descrierea analitica a
profilurilor dintilor satelitului si rotilor centrale cu asigurarea contactului ,,conform” al
dintilor conjugati.

Scopul etapei I: Identificarea conditiilor de existenta a contactului convex-concav al dintilor
cu diferenta mica a curburilor si descrierea analitica a flancurilor.

Etapa 11 (01.07.2020 — 31.12.2020): Descrierea analitica a geometriei contactului ,,conform”
al dintilor, a cinematicii punctului de contact "conform” si a evolutiei varierii geometriei
contactului ,,conform” in functie de unghiul de precesie.

Scopul etapei: Crearea angrenajului precesional cu contact convex-concav cu diferenta mica

e, .

Obiectivele etapelor anuale I si II

Obiectivele cercetarii, etapa I (03.01.2020 — 30.06.2020):

1. Studiul tendintelor de dezvoltare a geometriei contactului in angrenaje cu roti dintate.

2. Evolutia angrenajelor transmisiilor mecanice cu contact ’conform” al dintilor.

3. Studiul performantelor angrenajului Wildhaber-Novicov cu contact convex-concav al
dintilor.

4. Dezvoltarea angrenajului precesional cu angrenare multipara si profiluri nestandarde ale
dintilor.

5. Identificarea conditiilor de existentd a contactului convex-concav al dintilor in angrenajul
precesional dintat.

6. Studiul si argumentarea influentei particularitatilor geometrice ale angrenajului
precesional.

7. Descrierea analiticd a profilurilor dintilor rotilor conjugate in angrenarea A> ., CU

contact convex-concav functie de parametrii geometrici ai angrenajului AP .

Obiectivele cercetarii, etapa II (01.07.2020 — 31.12.2020):

1. Descrierea analiticd a geometriei contactului conform” al dintilor cu profiluri in contact
convex-concav cu diferentd mica a razelor de curbura.

2. Determinarea varierii razei de curbura spatiald a profilului dintilor rotilor centrale, functie
de unghiul de precesie y .

3. Studiul influentei diferentei razelor de curbura ale profilurilor dintilor conjugati in contact
convex-concav.

4. Descrierea analiticd a cinematicii punctului de contact a flancurilor dintilor conjugati in
angrendrile A5, ., -

5. Descrierea analitica a alunecarii relative intre flancurile conjugate in angrenarile

A\'IJDX —-Cv *

6. Descrierea analitica a varierii geometriei contactului in functie de unghiul de
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precesie v .

7. Evolutia geometriei dintilor conjugati in angrendrile precesionale AS, ., cu coraportul

Z,4y = Zy 1, functie de parametrii configuratici [ Z, -6, +1].

— Influenta coraportului numerelor de dinti ai rotilor conjugate in angrenarea A> .,

asupra geometriei contactului.
— Influenta numarului de dinti ai rotii centrale Z, asupra geometriei contactului in

angrenarea AS, o, CUZ, =Z,+1.

— Influenta razei de curbura r a profilului dintilor Z, ai rotii-satelit asupra geometriei
contactului in angrenarea A3 o, CU Z, =Z,+1.

— Influenta unghiului de nutatie @ asupra geometriei contactului in angrenarea AS,
cuz =2,+1.

— Influenta unghiului axoidei conice & asupra geometriei contactului in angrenarea
A oy CU Z,=Z,+1.

de dezvoltare tehnico-tehnologica actuala.

Actiunile planificate pentru realizarea scopului si obiectivelor etapelor anuale I si I1

1.

Studiul tendintelor de dezvoltare a geometriei contactului intre flancurile conjugate ale
dintilor si a conditiilor existente de existentd a contactului “conform” in angrenajele
transmisiilor mecanice.

. Studiul evolutiei contactului “conform” al dintilor in angrenajul Wildhaber-Novikov si
in angrenajul precesional cu angrenare multipara.

Identificarea conditiilor de existenta a contactului conform” al dintilor in angrenajele
precesionale si stabilirea particularitatilor geometrice similar ale contactului convex-
concav cu diferentd mica a curburilor flancurilor conjugate.

. Descrierea analitica a profilurilor dintilor rotilor conjugati in angrenarea precesionald
A, oy CU contact convex-concav functie de parametrii geometrici ai angrenajului AP.

Descrierea analitica a contactului “conform” al dintilor cu profiluri in contact concav-
concav cu diferentd mica a razelor de curbura.

5.1. Raza de curbura spatiala a profilului dintilor rotilor centrale.

5.2. Diferenta razelor de curbura ale profilurilor dintilor conjugati.

Descrierea analitica a cinematicii punctului de contact a flancurilor dintilor conjugati.

. Descrierea analitica a alunecdrii relative intre flancurile conjugate in angrenare A, ., -
Descrierea analiticd a evolutiei varierii geometriei contactului convex-concav cu
diferenta mica a curburilor in functie de unghiul de precesie y .

Evolutia geometriei dintilor conjugati in angrenarile precesionale A>,_., cu coraportul

Z,4) = Zy5 *1, functie de parametrii configuratiei [Zg -0, il] .




4. Actiunile realizate pentru atingerea scopului si obiectivelor etapei anuale

10.

Studiul tendintelor de dezvoltare a geometriei contactului In angrenaje cu roti dintate.
Evolutia angrenajelor transmisiilor mecanice cu contact ”conform” al dintilor.

2.1. Studiul performantelor angrenajului Wildhaber-Novikov cu contact convex-concav.
2.2. Dezvoltarea angrenajului precesional cu angrenare multipara si profiluri nestandarde.
Identificarea conditiilor de existenta a contactului convex-concav al dintilor.

Studiul si argumentarea influentei particularitatilor geometrice ale angrenajului precesional.

Descrierea analiticd a profilurilor dintilor rotilor conjugate in angrenarea AS, ., CU contact
convex-concav functie de parametrii geometrici ai angrenajului A®
Descrierea analiticd a geometriei contactului ”conform” al dintilor cu profiluri in contact
concav-concav cu diferentd mica a razelor de curbura.

6.1. Raza de curbura spatiala a profilului dintilor rotilor centrale.

6.2. Diferenta razelor de curbura ale profilurilor dintilor conjugati.
Descrierea analitica a cinematicii punctului de contact a flancurilor dintilor conjugati.
Descrierea analiticd a alunecdrii relative Intre flancurile conjugate in angrenare AS ., -
Descrierea analitica a evolutiei varierii geometriei contactului in functie de unghiul de
precesie y .

Descrierea evolutiei geometriei dintilor conjugati in angrendrile precesionale A2 _., cu

coraportul Z,, =Z,, +1 functie de parametrii configuratiei [Zg -0, il] .

Influenta coraportului numerelor de dinti ai rotilor conjugate in angrenarea A, .,

asupra geometriei contactului;

- Influenta numarului de dinti ai rotii centrale Z, asupra geometriei contactului in
angrenarea Ao, o, CUZ =27, +1;

- Influenta razei de curbura r a profilului dintilor Z, ai rotii-satelit asupra geometriei

contactului in angrenarea AS, o, CU Z, =Z,+1;

- Influenta unghiului de nutatie @ asupra geometriei contactului in angrenarea A:DX oV
cu Z,=2,+1;
- Influenta unghiului axoidei conice & asupra geometriei contactului in angrenarea
A oy CUZ =Z,+1.
tehnico-tehnologica.
11.1. Studiul tehnologiilor si procedeelor moderne de fabricare a rotilor dintate in profiluri
nestandarde.
11.2. Identificarea materialelor plastice noi pentru fabricarea rotilor dintate.
11.3. Studiul bunelor practici de cercetare si conditiile de utilizare a tehnologiilor aditive
pentru roti dintate.
11.4. Adaptarea procedeului de prelucrare a danturii rotilor dintate precesionale prin metoda
de rulare spatiala cu disc profilat la specificul tehnologic de generare a danturilor
rotilor dintate din transmisiile de putere.




Rezultatele obtinute

Au fost identificate conditiile de existentd in angrendrile precesionale A5 ., a
contactului convex-concav cu diferentd minima a curburilor si limitele de variere a parametrilor

configuratiei [Zg —(9,4_r1], care definesc contactul ”conform” al dintilor conjugati. Au fost

stabilite si argumentate avantajele angrendrilor precesionale A5, ., CU contact convex-concav

al dintilor in comparatie cu angrenajele Wildhaber-Novicov, printre care capacitatea portanta
inaltd a contactului, alunecarea relativa redusa intre flancuri cu pierderi energetice minime,

1o w, e

Au fost descrise analitic profilurile dintilor, geometria contactului convex-concav al
dintilor conjugati multipar, cinematica transformarii miscarii si a punctului de contact al
dintilor conjugati in angrendrile A3 _., cu coraportul numarului dintilor Z, =Z, +1.

Au fost elaborate modele matematice ale interactiunii dintilor in angrenarile precesionale

Ao, si identificatd influenta parametrilor configuratiei [Zg —0,i1] asupra formei

profilurilor dintilor, asupra geometriei contactului convex-concav cu diferenta micd a
curburilor si asupra vitezelor de alunecare relativa intre flancurilor conjugate multipar in zona
angrenarii. In scopul sporirii portantei contactului dintilor si diminuarii pierderilor energetice
intre flancurile conjugate, s-a propus modificarea formei dintilor rotilor centrale si ai rotii-
satelit, astfel incat in angrenarea simultand sa se pastreze doar perechile de dinti cu contact
convex-concav cu diferenta mica a curburilor si cu alunecare relativa redusa intre flancurile
conjugate. A fost stabilitd influenta coraportului numerelor dintilor ai rotilor conjugate
Z, 4y =Z,3 £1 asupra extinderii diapazonului rapoartelor de transmitere cétre zona cu valori
mici, astfel asigurand realizarea in transmisiile de tip 2K-H a rapoartelor de transmitere in
intervalul +7,3<i<3600.

Au fost stabilite particularitatile constructiv-functionale si cinematice ale transmisiilor cu
angrendri A3, ., cu diapazoane diferite ale rapoartelor de transmitere, definite de coraportul

numerelor de dinti ai rotilor conjugate: Z,=27,-1, Z,=7,-1 Z,=72,-1 Z,=7,+1 si
2, =2,+1 Z,=7,-1.

Geometria contactului convex-concav si profilurile dintilor conjugati in angrenarea AS .,
cu coraportul Z,,) =Z,, +1 au constituit revendicarile de baza la elaborarea in a. 2020 a unui

brevet de inventie national, (nr. depozit 20200101, data depozit 12.02.2020).

A fost depusa la AGEPI cererea de brevetare internationala PST (SUA si tarile UE)
conform  Tratatului International de Cooperare in domeniul patentelor, CIB
F16H/32/Transmisii cu angrenare precesionald. /BOSTAN V., BOSTAN I., VACULENCO M.
— Depozit international cu prioritatea din 19.11.2020.

Preventiv, au fost proiectate si fabricate mostre reprezentative de transmisii pentru fiecare
coraport al numerelor de dinti Z,, =Z,, +1 (a se vedea prospectul atasat). In acest scop, a




fost proiectata si fabricata forma de turnare prin injectie cu presiune din mase plastice, inclusiv
completele de matrite pentru rotile centrale. Au fost injectate rotile centrale pentru patru
variante de transmisii precesionale.

Pentru fabricarea rotilor-satelit la masini-unelte CNC a fost semnat un acord de cooperare
cu firma Glison, SUA insotit de un protocol de asigurare a calitatii.

A fost proiectat si fabricat un stand de testari a caracteristicilor functionale ai transmisiilor
precesionale, completat cu componente de actionare, traductori si accesorii procurate de la
firma elvetiana , MAGTROL”.

Rezultatele obtinute sunt descrise in raportul desfasurat (160 de pagini) si prezentate in
postere si foto atasate.

. Diseminarea rezultatelor obtinute in forma de publicatii

Manuale, monografii, culegeri
1. DULGHERU V. Bazele elaborarii creative a produselor. V. 1.: Istoria si evolutia
tehnicii, creativitate. Ch.: Tipografia ,,Bons Offices”, 2020. 462 p. ISBN 978-9975-87-
737-4.
2. DULGHERU V. Bazele elaborarii creative a produselor. V. 2. Ch.: Tipografia ,,Bons
Offices”, 2020. 432p. ISBN 978-9975-87-739-8.

Articole in reviste internationale:

1. BOSTAN V., BOSTAN I, VACULENCO M., SCATICAILOV S. The mathematical
model of the precesional gear and the process of generation of inclined teeth. Journal of
Engineering Science. Vol. XXVII, no. 4 (2020) ISSN 2587-3474/E-IDDN 2587-3482.
Pp 28-35 (B+).

2. BOSTAN V., BOSTAN I, VACULENCO M., Topa M. Mathematical modeling of
teeth contact in precesional transmission. A fost depus pentru publicare in revista
Mecanical Engineering. USA.

3. BOSTAN V., BOSTAN I., DULGHERU V., CIOBANU 0. Some aspects regarding
torque study and elaboration of the blades orientation mechanism for microhydropower
plant / American Journal of Mechanical and Industrial Engineering. Vol. 7, Issue 5,
2020. ISSN: 2575-6079.

4. MALCOCI 1., GUTU M. Rocker mechanism from classical to modern kinematical
analysis, Journal of Engineering Science Vol. XXVII, no. 3 (2020), ISSN 2587-3474,
pp. 54 — 64. (B+).

Articole in culegeri internationale

1. BOSTAN I, DULGHERU V., MALCOCI IU. Some aspects regarding planetary
precessional transmissions dynamics / In: the 5 th International conference on
computing and solutions in manufacturing engineering - CoSME'20. 7-10.2020. IOP
Conference Series: Materials science and Engineering. vol. 517. Pp. 46-
54.DOI:10.1088/ISSN.1757-899X. ISSN: 1757-8981. Thomson Reuters, Web of
Science), Scopus, Compendex, Inspec.

2. BOSTAN V., BOSTAN I., RABEI I., DULGHERU V., CIUPERCA R. Vertical Axis
Wind Turbines: The Behavior of Lift and Drag Airfoils / In: Solar Energy Conversion
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in Communities. Proceedings of the Conference for Sustainable Energy (CSE) 22-
24.10.2020. Editors: Visa 1., Duta A. Publisher: Springer, Cham. Pp. 195-206. DOI
https://doi.org/10.1007/978-3-030-55757-7. ISBN 978-3-030-55756-0

BOSTAN V., BOSTAN I, RABEI I., GUTU M., DULGHERU V. Vertical Axis Wind
Turbines. Optimal Positioning of the Blades Definedby Asymmetrical Airfoils/In: Solar
Energy Conversion in Communities. Proceedings of the Conference for Sustainable
Energy (CSE) 22-24.10.2020. Editors: Visa 1., Duta A. Publisher: Springer, Cham. Pp.
207-213. DOI https://doi.org/10.1007/978-3-030-55757-7. ISBN 978-3-030-55756-0.

Teze ale comunicarilor la congrese, conferinte, Simpozioane
1. BOSTAN Viorel, BOSTAN lon, VACULENCO Maxim. “Mathematical modeling of

teeth contact in precessional transmission”. Simpozionul International ‘Probleme
Actuale ale Matematicii si Informaticii”, Chisinau, 27-28 noiembrie 2020.

SERGHEI SCATICAILOV SERGIU MAZURU. The role of the friction process in
abrasive grain micrasculation technology. conferinta ICAMaT 2020 Bucuresti 29-30
octombrie 2020.

SERGIU MAZURU, NICOLAE TRIFAN SI ALEXANDRU MAZURU. Some aspects
of the nitriding process of parts in machine construction. conferinta ICAMaT 2020
Bucuresti 29-30 octombrie 2020.

MALCOCI IULIAN, TRIFAN NICOLAE, CIOBANU OLEG. Precessional gear-box
research regarding vibration activity behavior. The International Conference of the
Carpathian Euro-Regions Specialists in Industrial Systems, CEurSIS — 2019, 12th
Edition, Baia-Mare, Romania. Published: IOP Conference Series: Materials Science and
Engineering, IOP Publishing 2020. Pp. 1-7.
https://iopscience.iop.org/article/10.1088/1757-899X/749/1/012036.

Brevete de inventie:

1.

Cerere de brevet de inventie. CIB F16H1/32. Transmisie cu angrenare precesionalad /
BOSTAN V., BOSTAN I., VACULENCO M. — Nr depozit a 2020 0101; Data depozit
12.02.2020.
Cerere de brevet de inventie. CIB F16H1/32. Transmisie cu angrenare precesionala /
BOSTAN V., BOSTAN I., VACULENCO M. — Nr. depozit a 2020 0148; Data depozit
16.06.2020.

. Cerere de brevetare internationala PCT (SUA si tarile UE) conform tratatului

international de cooperare in domeniul patentelor. CIB F16H1/32. Transmisie cu
angrenare precesionala / BOSTAN V., BOSTAN I, VACULENCO M. — Depozit
international cu prioritatea din 19.11.2020.

. Hotérare pozitiva la brevet inventie nr.9529 din 2020.05.28. Procedeu de prelucrare a

dintilor angrenajului precesional. Int. cl, B23F9/06. BOSTAN lon, VACULENCO
Maxim, SCATICAILOV Serghei, MAZURU Sergiu.

Hotérare pozitiva la brevet inventie nr.9581 din 2020.09.02 Roata satelit. Int. cl,
F16H55/17, H55/14, Hi/32. BOSTAN lon, LEALIN Stanislav, SCATICAILOV
Serghei, MAZURU Sergiu, CASIAN Maxim.
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https://iopscience.iop.org/article/10.1088/1757-899X/749/1/012036

6.

Cerere de brevet de inventie. CIB F16H1/32. Transmisie planetara precesionald /
BOSTAN I., DULGHERU V., MALCOCI IU. — Nr depozit s 2020-0020; Data depozit
06.03.2020.

Cerere de brevet de inventie. CIB B29C 47/92; B29C 67/00, B22C 9/04, F16H 55/16,
F16H 1/32. Sistem de angrenare, procedeu de fabricatie si dispozitiv de realizare /
DULGHERU V., BOSTAN I., CIOBANU R., CIOBANU O. UTM. — Nr depozit a
2020-0061; Data depozit 22.06.2020.

Participari la Expozitii Internationale

1.

Vaculenco M.; Scaticailov S.; Mazuru S., Bostan V., Bostan I. Generation of
precessional gearing with convex-concave contact // European Exhibition of Creativity
and Innovation EUROINVENT 2020, The XII th Edition, Iasi, Romania, 21-23 mai
2020. - P. 149. ISSN Print: 2601-4564.

Bostan V., Bostan I., Dulgheru V., Ciuperca R., Mazuru S., Toca A, Vaculenco M,
Bodnariuc 1., Ciobanu R., Ciobanu O., Trifan N., Malcoci lu., Dicusara I., Vengher D.
Alexandru Buga, Alina Bregnova Unconventional digital gear manufacturing
technologies with non-standardized profiles from precessional transmissions //
European Exhibition of Creativity and Innovation EUROINVENT 2020, The XII th
Edition, Iasi, Romania, 21-23 mai 2020. - P. 149. ISSN Print: 2601-4564.

Bostan V., Bostan I., Vaculenco M. Precessional transmissions with conform contact of
the teeth in multi-pair gearing // European Exhibition of Creativity and Innovation
EUROINVENT 2020, The XII th Edition, Iasi, Romania, 21-23 mai 2020. - P. 156.
ISSN Print: 2601-4564.

Mazuru S., Trifan N., Mazuru Al. Thermogazocyclic nitruration process // European
Exhibition of Creativity and Innovation EUROINVENT 2020, The XII th Edition, Iasi,
Romania, 21-23 mai 2020. - P. 158. ISSN Print: 2601-4564.

Mazuru Al., Trifan N., Mazuru S. Toothpick hardening device // European Exhibition
of Creativity and Innovation EUROINVENT 2020, The XII th Edition, Iasi, Romania,
21-23 mai 2020. - P. 159. ISSN Print: 2601-4564.

Mazuru S., Lealin S., Vaculenco M., Bostan I. Wheel - satellite // European Exhibition
of Creativity and Innovation EUROINVENT 2020, The XII th Edition, Iasi, Romania,
21-23 mai 2020. - P. 159. ISSN Print: 2601-4564.

Mazuru S., Vaculenco M., Bostan I., Scaticailov S. Process for forming the micro-relay
regularly on the surface of the gear teeth // European Exhibition of Creativity and
Innovation EUROINVENT 2020, The XII th Edition, Iasi, Romania, 21-23 mai 2020. -
P. 160. ISSN Print: 2601-4564.

Bostan Viorel, Bostan Ion, Vaculenco Maxim. Transmisie cu angrenare precesionala.
Salonul International al Cercetarii Stiintifice, Inovarii si Inventicii PROINVENT 2020,
EDITIA A XVIlI-a, Cluj-Napoca 18-20.11.2020. Editura U.T.PRESS, p.341. ISBN
978-606-737-480-3.

Bostan lon, Dulgheru Valeriu, Malcoci lulian, Ciobanu Radu, Vaculenco Maxim.
Transmisie planetara precesionald. Salonul International al Cercetarii Stiintifice,
Inovarii si Inventicii PROINVENT 2020, EDITIA A XVIil-a, Cluj-Napoca 18-
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10.

11.

12.

20.11.2020. Editura U.T.PRESS, p.360. ISBN 978-606-737-480-3.

Mazuru Alexandru, Trifan Nicolae, Toca Alexei, Mazuru Sergiu. Procedeu de
executare a rotilor dintate conice. Salonul International al Cercetarii Stiintifice, Inovarii
si Inventicii PROINVENT 2020, EDITIA A XVIlI-a, Cluj-Napoca 18-20.11.2020.
Editura U.T.PRESS, p.353. ISBN 978-606-737-480-3.

Trifan Nicolae, Mazuru Alexandru, Mazuru Sergiu. Dispozitiv de durificare al dintilor
rotilor dintate. Salonul International al Cercetarii Stiintifice, Inovarii si Inventicii
PROINVENT 2020, EDITIA A XVIIl-a, Cluj-Napoca 18-20.11.2020. Editura
U.T.PRESS, p.354. ISBN 978-606-737-480-3.

Mazuru Sergiu, Scaticailov Serghei, Vaculenco Maxim, Bostan lon. Procedeu de
executare a rotilor dintate conice. Salonul International al Cercetarii Stiintifice, Inovarii
si Inventicii PROINVENT 2020, EDITIA A XVIII-a, Cluj-Napoca 18-20.11.2020.
Editura U.T.PRESS, p.355. ISBN 978-606-737-480-3.

7. Diseminarea rezultatelor obtinute in forma de prezentiri (comuniciri, postere,
teze/rezumate/abstracte) la foruri stiintifice

11

1.2

1.3

14

1.5

1.6

1.7

Comunicare la simpozionul International “Probleme actuale ale matematicii
informaticii”, 27-28 noiembrie 2020 / BOSTAN V., BOSTAN I., VACULENCO M.
“Mathematical modeling of teeth contact in precessional transmission”. Prezentator in
plen Bostan lon.

Comunicare la conferinta Internationala “ICAMaT 2020 Bucuresti 29-30 octombrie
2020 / SCATICAILQV S., MAZURU S. “The role of the friction process in abrasive
grain micrasculation technology”. Prezentator in plen Mazuru Sergiu.

Comunicare la conferinta Internationala “ICAMaT 2020 Bucuresti 29-30 octombrie
2020 / MAZURU S., TRIFAN N., MAZURU A. “Some aspects of the nitriding process
of parts in machine construction”. Prezentator in plen Mazuru Sergiu.

Comunicare la conferinta Internationala CEurSIS — 2020, 12th Edition, Baia-Mare,
Romania. Pp. 1-7. / MALCOCI IU., TRIFAN N., CIOBANU O. “Precessional gear-box
research regarding vibration activity behavior”. Prezentator in plen Malcoci Tulian.

https://iopscience.iop.org/article/10.1088/1757-899X/749/1/012036

Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, lasi, Romania, 21-23 mai 2020. - P. 149. / VACULENCO M.,
SCATICAILOV S.,, MAZURU S., BOSTAN V., BOSTAN I. “Generation of
precessional gearing with convex-concave contact” // ISSN Print: 2601-4564. Medalie
de Aur.

Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, Iasi, Romania, 21-23 mai 2020. - P. 149. / BOSTAN V., BOSTAN I.,
DULGHERU V., CIUPERCA R., MAZURU S., TOCA A, VACULENCO M,
BODNARIUC I, CIOBANU R., CIOBANU O., TRIFAN N., MALCOCI IU.,
DICUSARA I, VENGHER D. ALEXANDRU BUGA, ALINA BREGNOVA
Unconventional digital gear manufacturing technologies with non-standardized profiles
from precessional transmissions // ISSN Print: 2601-4564. Medalie de Argint.

Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
9



https://iopscience.iop.org/article/10.1088/1757-899X/749/1/012036

The XII th Edition, Iasi, Romania, 21-23 mai 2020. - P. 156. / BOSTAN V., BOSTAN I.,
VACULENCO M. Precessional transmissions with conform contact of the teeth in multi-
pair gearing //. ISSN Print: 2601-4564. Medalie de Bronz.

1.8 Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, Iasi, Romania, 21-23 mai 2020. - P. 158. / MAZURU S., TRIFAN
N., MAZURU AL. Thermogazocyclic nitruration process. ISSN Print: 2601-4564.

1.9 Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, lasi, Romania, 21-23 mai 2020. - P. 159. / MAZURU AL., TRIFAN
N., MAZURU S. Toothpick hardening device // ISSN Print: 2601-4564.

1.10Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, lasi, Romania, 21-23 mai 2020. - P. 159. / MAZURU S., LEALIN S.,
VACULENCO M., BOSTAN I. Wheel - satellite // ISSN Print: 2601-4564.

1.11Presentation at European Exhibition of Creativity and Innovation EUROINVENT 2020,
The XII th Edition, lasi, Romania, 21-23 mai 2020. - P. 159. / MAZURU S,
VACULENCO M., BOSTAN I., SCATICAILOV S. ,Process for forming the micro-
relay regularly on the surface of the gear teeth” // ISSN Print: 2601-4564.

8. Protectia rezultatelor obtinute in forma de obiecte de proprietate intelectuala

Hotarari pozitive, cereri de brevete de inventie si de brevetare internationala:

1.

Cerere de brevet de inventie. CIB F16H1/32. Transmisie cu angrenare precesionala/
BOSTAN V., BOSTAN I, VACULENCO M. — Nr depozit a 2020 0101; Data depozit
12.02.2020.

. Cerere de brevet de inventie. CIB F16H1/32. Transmisie cu angrenare precesionald/

BOSTAN V., BOSTAN I, VACULENCO M. — Nr depozit a 2020 0148; Data depozit
16.06.2020.

. Cerere de brevetare internationala PCT (SUA si tarile UE) conform tratatului international de

cooperare in domeniul patentelor. CIB F16H1/32. Transmisie cu angrenare precesionald/
BOSTAN V., BOSTAN I, VACULENCO M. — Depozit international cu prioritatea din
19.11.2020.

. Hotérare pozitiva la brevet inventie nr.9529 din 2020.05.28. Procedeu de prelucrare a dintilor

angrenajului precesional. Int. cl, B23F9/06. BOSTAN lon, VACULENCO Maxim,
SCATICAILQOV Serghei, MAZURU Sergiu.

. Hotarare pozitiva la brevet inventie nr.9581 din 2020.09.02 Roata satelit. Int. cl, F16H55/17,

H55/14, Hi/32. BOSTAN lon, LEALIN Stanislav, SCATICAILOV Serghei, MAZURU
Sergiu, CASIAN Maxim.

. Cerere de brevet de inventie. CIB F16H1/32. Transmisie planetara precesionala / BOSTAN

I., DULGHERU V., MALCOCI IU. — Nr depozit s 2020-0020; Data depozit 06.03.2020.

. Cerere de brevet de inventie. CIB B29C 47/92; B29C 67/00, B22C 9/04, F16H 55/16, F16H

1/32. Sistem de angrenare, procedeu de fabricatie si dispozitiv de realizare / DULGHERU V.,
BOSTAN I., CIOBANU R., CIOBANU O. UTM. — Nr depozit a 2020-0061; Data depozit
22.06.2020.
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9. Materializarea rezultatelor obtinute

9.1. Au fost proiectate mostre reprezentative de transmisii precesionale cu angrendri A, ., CU

coraportul numerelor de dinti: 2, =7,-1, Z,=72,-1;, 2, =2,+1, Z,=2,-15i

Z,=7,-1, Z, =7,+1; prezentate In prospectul atasat la raportul anual.

9.2.

Au fost fabricate mostre experimentale ale transmisiilor precesionale conform p.9.1,

prezentate 1n posterul atasat la raportul anual.

9.3.

A fost proiectata si fabricata forma de turnare prin injectie cu presiune din mase plastice

prezentata in foto anexate la raportul anual.

9.4.

Au fost proiectate si fabricate 6 (sase) complete de matrice pentru turnarea prin injectie cu

presare a rotilor centrale si rotilor-satelit, prezentate in foto anexate la raportul anual.

9.5.

Pentru fabricarea rotilor-satelit din otel 4041 la masini-unelte CNC a fost semnat un acord de

cooperare cu firma Glison, SUA insotit de un protocol de garantie a calitatii.

9.6.

A fost proiectat si fabricat un stand de testari a caracteristicilor functionale ai transmisiilor

precesionale, completat cu componente de actionare, traductori si accesorii procurate de la
firma elvetiana "MAGTROL” (foto se anexeaza la raportul anual).

10. Dificultatile in realizarea proiectului

10.1. Restrictiile impuse de pandemia COVID-19 au condus la participarea limitata la conferinte
si simpozioane stiintifice, cat si la realizarea mobilitatilor membrilor colectivului

planificate pentru a. 2020, in cadrul programului de popularizare a realizarilor stiintifice si

schimbului de informatie si experientd CEEPUS, in cadrul caruia angajatii proiectului au
avut planificate pentru a. 2020 30 mobilitati (Romania, Polonia, Cehia, Bulgaria) nu au
putut fi efectuate dupa cum urmeaza:

Proiect CEEPUS

Mobilititi neefectuate

CIlI-PL-0033-15-1920 -
Development of mechanical
engineering (design,
technology and production
management) as an essential
base for progress in the area of
small and medium companies’
logistics - research, preparation
and implementation of joint
programs of study

1) Acad. lon Bostan — la Universitatea Tehnologica din
Bratislava, Bratislava, Slovacia

2) Prof. univ. Dulgheru Valeriu — la

Universitatea ,,Transilvania”, Brasov, Romania

3) Conf. univ. Bodnariuc lon — la Universitatea ,,Dunarea de
Jos”, Galati, Romania

4) Conf. univ. Malcoci lulian — la Universitatea ,,Dunarea de
Jos”, Galati, Romania

5) Conf. univ. Ciobanu Radu — la Universitatea ,,Dunarea de
Jos”, Galati, Romania

6) Conf. univ. Marin Gutu — la Universitatea ,,Dunarea de
Jos”, Galati, Romania

CII-PL-0901-07-2021 -12) Conf. univ. Trifan Nicolae - la Universitatea
Teaching and research in | ,Transilvania”, Brasov, Romania
advanced manufacturing 3) Conf. wuniv. Ciobanu Oleg - la Universitatea
,» Iransilvania”, Brasov, Romania
4) Conf. wuniv. Ciobanu Radu — la Universitatea

1) Acad. lon Bostan — la Universitatea ,,Transilvania”,
Brasov, Romania
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,» Transilvania”, Bragsov, Romania

5) Conf. wuniv. Malcoci Ilulian -
,» Transilvania”, Bragsov, Romania

6) Conf. univ. Trifan Nicolae — la Universitatea Tehnologica
din Czestochowa, Polonia

7) Drd. Rabei Ivan - la Universitatea Tehnologica din
Czestochowa, Polonia

la Universitatea

ClI1-RO-0058-12-1920 -
Design, implementation and
use of joint programs regarding
quality  in  manufacturing
engineering

1) Acad. lon Bostan — la Universitatea Tehnica din Cluj,
Cluj-Napoca, Romania

2) Prof. univ. Dulgheru Valeriu - Universitatea Tehnica din
Cluj, Cluj-Napoca, Romania

3) Conf. univ. Bodnariuc lon — Universitatea Tehnica din
Cluj, Cluj-Napoca, Romania

4) Conf. univ. Ciobanu Oleg — la Universitatea Tehnica din
Cluj, Cluj-Napoca, Romania

5) Conf. univ. Ciobanu Radu — la Universitatea Tehnica din
Cluj, Cluj-Napoca, Romania

6) Drd. Rabei Ivan — la Universitatea Tehnologica din
Poznan, Polonia

8) Conf. univ. Marin Gutu — la Universitatea Tehnica din
Sofia, Bulgaria

CIl1-R0-0202-13-1920 -
Implementation and utilization
of e-learning systems in study
area of production engineering
in Central European Region

1) Acad. lon Bostan — la Universitatea ,,POLITEHNICA”,
Bucuresti, Romania

2) Conf. univ. Malcoci lulian — la Universitatea Tehnica din
Cluj, Baia-Mare, Romania

3) Conf. univ. Ciobanu Oleg — la Universitatea Tehnica din
Cluj, Baia-Mare, Romania

4) Conf. univ. Ciobanu Radu — la Universitatea Tehnica din
Cluj, Baia-Mare, Romania

5) Conf. univ. Ciobanu Oleg -
»Politehnnica”, Bucuresti, Romania

6) Drd. Rabei Ivan — la Universitatea Jan Evangelista
Purkyne din Usti nad Laben, Cehia

7) Drd. Odainai Valeriu — la Universitatea Tehnica din Cluj,
Baia-Mare, Romania

la Universitatea

CllI-BG-0703-09-2021 -
Modern Trends in Education
and Research on Mechanical
Systems - Bridging Reliability,
Quiality and Tribology

1) Conf. univ. Malcoci lulian — la Universitatea ,,Dunarea de
Jos”, Galati, Romania

10.2. In conditiile pandemiei COVID-19 s-a intirziat crearea platformei de cercetare

experimentala a caracteristicilor functionale ale mostrelor transmisiilor precesionale

elaborate si, in consecintd, s-a tergiversat publicarea a 5 articole in reviste internationale cu
impact factor, care au fost transferate pentru a fi publicate in a. 2021 (deoarece articolele
publicate fara date experimentale 1si pierd importanta lor stiintifica si aplicativa).
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11. Concluzii

11.1.

11.2.

11.3.

11.4.

11.5.

11.6.

11.7.

11.8.

11.9.

Capacitatea de Incdrcare a contactului ,,dinte-bolturi conice” din angrendrile
Al ., a transmisiilor precesionale elaborate anterior, este limitatd de raza

medianad a bolturilor conice, care nu poate depdsi jumatate din pasul dintilor, iar
contactul dintilor in majoritatea perechilor postante este convex-convex si
convex-rectiliniu;

Bolturile conice necesitd precizie inaltd de fabricatie dimensiunilor si de
pozitionare axiald individuald a acestora, de care depind uniformitatea
distribuirii sarcinii intre perechile de dinti concomitent;

Coroanele satelitului formate din bolturi conice fac irationald, dificila si uneori
imposibila fabricarea angrenajelor cu diametre < 50mm;

Costul de producere si asamblare a angrenajului cu bolturi este relativ mai mare
si necesita precizie naltd de executie si montaj;
Dezavantajele transmisiilor precesionale cu angrenare cu bolturi A5, ., pot fi

inlaturate prin dezvoltarea transmisiilor cu angrenari dintate;

. . ey . .. . . . . D
Una dintre particularititile definitorii ale angrenajului precesional dintat A
consta n interactiunea sferospatiald a dintilor angrenati cu prezenta frecarii de
alunecare relativa intre flancuri si cu rostogolire neesentiald a acestora,

dependentd de unghiul de nutatie 0 al satelitului in miscarea sa sferospatiald;

2 .o . . D
In contextul dezvoltarii angrenajelor dintate A% se propune cercetarea

contactului convex-concav Kex-cv sau concav-concav Kev-ev al dintilor prin
atribuirea unui profil in arc de cerc dintilor coroanelor satelitului precesional, iar
dintilor rotilor centrale — a unui profil convex/concav, determinat de
infasuratoarea familiei arcurilor de cerc cu raza I' 1n miscarea lor sferospatiala si

dependent de configuratia parametrica [Zg -0, il];

Tendintele de variere a vitezei relative de alunecare dintre flancuri si a diferentei
razelor de curbura ale profilurilor conjugate reprezintd doud aspecte
determinante ale majordrii portantei contactului dintilor si a randamentului

mecanic al angrenajului precesional dintat A°;

Angrenarea dintilor AJ, ., din considerentele solidului deformabil se propune a

fi realizata in contacte cu geometrie convex-concava cu diferenta micd a
curburilor profilurilor de flanc conjugate;

11.10. Coroanele dintate conice si ale rotii satelit au dinti cu profiluri de flanc in arc

de cerc de raza r, iar rotile conice centrale si au dinti cu profiluri curbilinii

variabile, dependente de configuratia parametrica [Zg —H,il] a angrenajului
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11.11.

11.12.

11.13.

11.14.

11.15.

11.16.

11.17.

11.18.

11.19.

11.20.

11.21.

11.22.

precesional si anume, de unghiurile g si §, de raza r a arcului de cerc, de

numadrul Z si coraportul numerelor de dinti conjugati in angrenarile (Zl - Zz)
si (Zs=24);

Rotile conice centrale si sunt executate cu profiluri de flanc curbilinii cu
curbura variabila cu cate un dinte mai putin decat coroanele dintate si ale rotii
satelit executate cu profiluri de flanc in arc de cerc;

Flancurile dintilor conjugd cu acoperire frontald in limitele 1,5<&; <4,0
perechi de dinti simultan angrenate realizatd prin scurtarea indltimii dintilor
conjugati;

Rotile dintate sunt executate cu unghiul axoidei conice in limitele (° < §<30°;

Unghiul de nutatie € dintre axele manivelei si ale rotilor conice centrale si

variaza in limitele 15" <0<7°;

Raza arcului de cerc a profilului de flanc a coroanei rotii satelit cu Z dinti are
limitele (1,0-1,57)D/Z mm;

Dintii conjugd in contacte concav-concave K. ., cu diferenta curburilor

profilurilor de flanc in sectiunea cu diametrul D micsorata de pand la
(0,02-1,5)D/Z mm;

Dintii conjuga in contacte concav-concave K., ., cu unghiul de presiune ¢,
intre flancuri micsorat de pana la 15°;
Viteza relativa de alunecare intre flancurile conjugate in zona angrendrii nu se

schimba dupa sens, iar valoric constituie (0,7 — 1,0) in raport cu viteza relativa
din transmisiile evolventice clasice de aceiasi putere;

Configuratia parametrilor [Zg —G,il} influenteazd modificarea geometriei
contactului dintilor, determina gradul lor de acoperire frontald, exprimat prin
numadrul perechilor de dinti concomitent aflate In angrenare £;, determind
mdrimea unghiului de presiune ¢, si viteza de alunecare cu frecare intre
flancurile conjugate;

Angrenarea dintilor este realizata in contacte cu geometrie convex-concava cu
diferentd mica a curburilor flancurilor conjugate;

Dintii angreneaza cu grad de acoperire frontald de pana la ef =4,0 perechi de
dinti concomitent conjugate considerate corpuri deformabile;

Alunecarea relativa de frecare in contactele dintilor este redusd prin
optimizarea multiplicitatii angrendrii cu modificarea formei dintilor si datorita
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11.23.

11.24.

11.25.

11.26.

11.27.

11.28.

11.29.

11.30.

11.31.

sporirii rostogolirii pure a acestora functie de unghiul de nutatie 0;

Angrenarea (Zs-Zs) executata din bolturi cu unu mai putin decat numarul
dintilor rotii centrale asigurd transformarea miscarii si transmiterea sarcinii in
baza efectului de pana inclinata cu unghiul de profil o > 45°;

Dintii inclinati asigurd majorarea lungimii sumare a liniilor de contact si a
cotei de rostogolire purd a acestora aflati in campul angrenarii;

Angrenajul dintat in raport cu angrenajul cu bolturi, asigura realizarea
transmisiilor cinematice de dimensiuni mici cu consum de materiale si costuri
de fabricatie reduse;

Transmisia precesionala cu coraportul numerelor de dinti Z1=2,-1 si Z4=Z3+1
asigurd rapoarte de transmisie in diapazonul +8,3<i<+30,3, iar cu Z1=2Z>-1 si
Z4=7Z3-1 asigurd rapoarte de transmisie in diapazonul £20<i<£3600;

In transmisiile precesionale cinematice rotile dintate pot fi turnate prin injectie
din mase plastice sau prin sinterizare din pulberi metalice, iar in cele de putere
prin generare la masini unelte cu comanda numerica;

Angrenajul precesional dintat A° cu coraportul numdrului de dinti Z, =7, -1
si Z,=Z,-1 si unghiul axoidei conice &>0 se recomandd de utilizat in

transmisii precesionale cu regim functional de reductor, datorita geometriei
contactului concav-concav K, ., cu diferenta mica a razelor de curbura si

vitezei reduse de alunecare relativa dintre flancurile conjugate;

Angrenajul precesional dintat A° cu coraportul numarului de dinti Z, =Z, +1
sau Z, =Z,+1, unghiul axoidei conice >0 si unghiul de profil al dintilor
rotii centrale este mai mare de o, > 45  se recomanda de utilizat in transmisii

cu regim functional de multiplicator, datoritd cinetostaticii favorabile
transformarii miscarii de rotatie a rotii centrale Tn miscare sferospatiald a rotii-

satelit cu frecventa ciclurilor de precesie N, =Z,;

Proiectarea geometriei contactului convex-concav K., ., cu diferenta mica a
razelor de curburd a flancurilor dintilor angrenajului precesional dintat se

efectueaza prin varierea parametrilor configuratiei [Zg -0, il] , tindnd cont de

gradul si de directia de influenta a fiecdrui parametru separat asupra formei
profilului dintilor rotii centrale;

Diferenta distantelor S; si S parcurse de punctele de contact de pe
profilurile dintilor rotii centrale E, si ai satelitului E, prezinta interes pentru
elaborarea modelului tribologic al contactului convex-concav K., o, si

K% ., al dintilor din angrenajul precesional dintat A® , inclusiv pentru studiul
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11.32.

11.33.

11.34.

11.35.

11.36.

11.37.

11.38.

lubrifierii suprafetelor de contact ale dintilor in regimurile hidrostatic,
hidrodinamic, elastohidrodinamic sau squeeze-film;

In angrenajele precesionale de tip K-H-V si 2K-H cu coraportul dintilor rotilor
conjugate Z, =7,+1 sauZ, =Z,+1, se recomandd unghiul axoidei conice

0 =0 din considerente de a diminua marimea unghiului de profil al dintilor
rotii centrale si, respectiv, de a reduce sarcina asupra rulmentilor arborelui-
manivela si ale rotii-satelit;

Geometria contactului dintilor si angrenajele precesionale A° si A"/ se
optimizeaza prin proiectarea selectiva din perspectiva de a obtine avantaje
concrete. Din analiza profilogramelor se constatd ca unghiul de profil al

dintilor «, >30" conduce la majorarea reactiunilor in rulmentii arborelui-
maniveld si ai rotii-satelit. Totodata, se constata ca dintre parametrii

configuratiei [Zg —H,J_rl} unghiul de nutatie € are cea mai mare influenta
asupra unghiului de profil ¢,;

Caracteristicile definitorii ale capacitatii portante si ale randamentului mecanic
sunt: multiplicitatea de referintd a angrenarii &£(%); diferenta razelor de

curbura a profilurilor dintilor angrenati p, —r(mm); parametrii cinematici ai
contactului dintilor V, (m/s) S.(mm) si se optimizeaza prin proiectarea

preventivd a geometriei contactului dintilor in functie de parametrii
configuratiei [Zg -0, il];

Geometria contactului convex-concav K, ., , si K& ., Cu capacitate portantd

si randament mecanic inalte poate fi creatd prin identificarea numarului
rational de perechi de dinti conjugate concomitent si modificarea formei
dintilor, insotitd de optimizarea profilului dintilor rotii centrale prin varierea

parametrilor configuratiei [Z .0 il];

Alunecarea relativa de frecare intre flancurile dintilor inclinati poate fi redusa

prin: alegerea rationald a parametrilor configuratiei [Zg —O,il], modificarea

formei dintilor prin scurtarea Indltimii acestora, astfel Incat s majoram cota
rostogolirii pure a dintilor conjugati datoratd miscarii sferospatiale;

PR

precizie cinematicd si capacitate portanta inalte, datorate angrenarii multipare,
transmisiile precesionale cinematice avantajeazd aplicarea lor 1n diverse
domenii ale tehnicii moderne: automobile, aparate cosmice, avionica,
mecanica find, masini de madsurat, echipament medical, utilaj tehnologic,
sisteme mecanice de precizie, robototehnica etc.;

.. . . . . . D . o .
Transmisiile precesionale cinematice cu angrenaj dintat A"~ si angrenari
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A o, si AS/., prezintd interes pentru dezvoltarea minireductoarelor si

minimotoreductoarelor precesionale cu destinatie generala speciala;

11.39. Transmisiile precesionale posedand posibilitdti cinematice largi, simplitate
constructivd (raportul de transmitere pana la 3600 intr-o singurd treapta
realizatd doar cu patru elemente de bazd), si diversitate structurala larga
avantajeaza aplicarea lor in dezvoltarea mini- si microsistemelor ingineresti
datorita urmatoarelor caracteristici functionale:

- sistemele mici tind sd se miste sau sd se opreasca mai rapid datorita
inertiei mecanice reduse;

-1n sistemele miniaturizate, deformatiile termice si vibratiile
mecanice sunt reduse datorita maselor mai mici;

- dipozitivele miniaturizate sunt potrivite pentru aplicatii in
biomedicina si in aerospatial datoritd masei si dimensiunilor mici;

- sistemele mici au stabilitate dimensionald inaltd la temperaturi mari
datorita expansiunii termice joase;

- dimensiunile mici ale sistemelor inseamna cerinte reduse de spatiu,
fapt ce permite asamblarea mai multor componente functionale intr-
un singur dispozitiv.

Rezumat: Rezultatele cercetdrilor stiintifice prezentate in raport sunt consacrate dezvoltarii
transmisiilor precesionale cu angrenari dintate A>, ., Cu contact convex-concav al dintilor conjugati
multipar. Cercetarile sunt axate pe dezvoltarea geometriei contactului convex-concav cu diferenta
micd a curburilor ale profilurilor conjugate, avand ca obiective majorarea capacitdtii portante si
diminuarea pierderilor energetice la alunecarea relativd cu frecare intre flancurile conjugate cu
interactiune sferospatiala.

In raport sunt descrise analitic profilurile dintilor rotilor centrale si ai satelitului. Se prezinta
evolutia geometriei contactului convex-concav al dintilor cu diferenta micd a curburilor flancurilor
conjugate, in functie de unghiul de precesie w. Este descrisa cinematica transformarii miscarii si
transmiterii sarcinii in transmisie, sunt determinate vitezele relative ale punctului de contact al
dintilor conjugati multipar in functie de unghiul de precesie v .

Sunt prezentate modelele matematice ale interactiunii dintilor conjugati multipar In angrenarea

A oy cu miscare sferospatiald, este identificata influenta parametrilor configuratiei [Zg —H,il]
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asupra formei profilurilor dintilor si a geometriei contactului convex-concav, sunt determinate
vitezele liniare in punctele de contact si de alunecare relativa intre flancurile conjugate.

In scopul sporirii capacititii portante a contactului dintilor si diminudrii pierderilor energetice
intre flancurile conjugate, se propune modificarea formei dintilor rotilor centrale si ai rotii-satelit,
astfel incat perechile de dinti conjugate simultan sa angreneze in contacte cu geometrie convex-
concava cu diferenta mica a razelor de curbura a profilurilor si cu alunecare relativa redusa intre

flancurile conjugate. Se expune influenta coraportului numerelor de dinti ai rotilor conjugate

Zy 4y =2y £1 asupra extinderii diapazonului rapoartelor de transmitere catre zona cu valori mici
+7,3<i<430,3.
Sunt prezentate particularitatile constructiv-functionale si cinematice ale transmisiilor 2K-H cu

angreniri Ao ., care asigurd diapazonul rapoartelor de transmitere +7,3<i<3600, definit de
coraportul numerelor de dinti ai rotilor conjugate Z;,) = 2,4 1.

.. . o e D n A [
Solutiile tehnice propuse la crearea angrendrii A, _, sunt in curs de patentare in SUA si tarile

UE.

Summary: The results of the scientific research presented in the report are devoted to the
development of precessional transmissions with toothed gears A> ., with convex-concave contact

of multiple-pair conjugated teeth. The research is focused on the development of the convex-concave
contact geometry with the small difference of the curves of the conjugated profiles, aiming to
increase the bearing capacity and decrease the energy losses at the relative sliding friction between
the conjugated flanks with spherospatial interaction.

The report analytically describes the profiles of the central wheel teeth and the satellite. The
evolution of the convex-concave contact geometry of the teeth with the small difference of the curves
of the conjugated flanks is presented, depending on the precession angle . The kinematics of the
transformation of the motion and the transmission of the load in the transmission is described, the
relative velocities of the contact point of the multiple-pair conjugated teeth are determined according

to the precession angle v .
Mathematical models of the interaction of multiple-pair conjugated teeth in the gearing Ao ¢y

with spherospatial motion are presented, the influence of configuration parameters[zg —H,J_rl} on

18



the shape of tooth profiles and convex-concave contact geometry is identified, linear velocities at
contact points and relative sliding between conjugated flanks are determined.

In order to increase the bearing capacity of the tooth contact and reduce the energy losses
between the conjugated flanks, it is proposed to modify the shape of the teeth of the central wheels
and the satellite wheel, so that the pairs of conjugated teeth simultaneously gear in contacts with
convex-concave geometry with small difference in the radius of curvature of the profiles and with

reduced relative sliding between the conjugated flanks. The influence of the correlation of the tooth

numbers of the conjugated wheels Z,,, =Z,; £1 on the extension of the range of the transmission
ratios to the area with low values +7,3 <i <+30,3 is presented.

The constructive-functional and kinematic peculiarities of the 2K-H transmissions with 47, .,
gearings are presented, which ensure the range of the transmission ratios +7,3 <i <3600, defined by

the correlation of the tooth numbers of the conjugated wheels Z,, = Z,, 1.

The technical solutions proposed to create the A5 ., gearing are being patented in the USA and

EU countries.
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Anexa 1A

Executarea devizului de cheltuieli, conform anexei nr. 2.3 din contractul de finantare

Cifrul proiectului: 20.80009.5007.24

Cheltuieli, mii lei
Cod Anul de gestiune
Denumirea Eco Modificat :
(k6) Aprobat +- Precizat | Executat | Sold

Remunerarea muncii angjatilor conform 211180 | 1163,7 11637 1163,7
statelor
COI:ltl‘lbut.l'l de asigurdri sociale de stat 212100 | 209,5 209.5 209,5
obligatorii
Pr1rqe d? asigurare obligatorie de asistentd 212200 52,4 52,4 52,4
medicald
Deplasari de serviciu in interiorul tarii 222710
Deplasiri de serviciu peste hotare 222720 87,0 -87,0
Servicii editoriale 222910 15,7 -15,7
Servicii de cercetdri stiintifice contractate | 222930
Servicii neatribuite altor aliniate 222990 27,2 -24,8 2,4 2,4
Procurarea produselor alimentare 333110
Hfocyrares matsrialel or pentm Seopunl 335110 | 251,1 127,5 378,6 | 3786
didactice, stiintifice si alte scopuri
Procurarea materiale de uz gospodaresc si

. . 336110
rechizite de birou
TOTAL 1806,5 0,0 1806,5 1806,5

Notd: In tabel se prezintd doar categoriile de cheltuieli din contract ce sunt in executie si modificirile aprobate (dupi caz)

Rector U.T.M. % dr. hab. Viorel BOSTAN
/'(MIura) (numele, prenumele)
%f////f%f . Victoria IOVU

(semndtura) (numele, prenumele)

Contabil (economist)

Conduciatorul de pr@@;m‘o/\L Academician Ion BOSTAN

(semndtura) (numele, prenumele)




Anexa 1B

Componenta echipei proiectului

Cifrul proiectului 20.80009.5007.24

Echipa proiectului conform contractului de finantare (la semnarea contractului)
Nume, prenume . Norma de munca Data

Nr (conform contractului Anuln T.'tIEJI conform Da:[? . eliberarii

nasterii stiintific . angajarii
de finantare) ’ T contractului

1. | Bostan lon 1949 dr.hab. 0,5 03.01.2020

2. | Dulgheru Valeriu 1956 dr.hab. 0,5 03.01.2020

3. | Mazuru Sergiu 1961 dr. hab. 0,5 03.01.2020

4. | Stoicev Petru 1948 dr. hab. 0,5 03.01.2020

5. | Vaculenco Maxim 1974 dr. 0,5 03.01.2020

6. | Toca Alexei 1951 dr. 0,5 03.01.2020

7. | Bodnariuc lon 1975 dr. 0,5 03.01.2020

8. | Trifan Nicolae 1979 dr. 0,5 03.01.2020

9. | Dicusara Ion 1979 dr. 0,5 03.01.2020

10. | Ciobanu Oleg 1981 dr. 0,5 03.01.2020

11. | Ciobanu Radu 1981 dr. 0,5 03.01.2020

12. | Malcoci lulian 1980 dr. 0,5 03.01.2020

13. | Topa Mihai 1943 dr. 0,5 03.01.2020

14. | Postaru Gheorghe 1952 dr. 0,5 03.01.2020

15. | Comendant Vasile 1946 dr. 0,5 03.01.2020

16. | Balan Victor 1954 dr. 0,5 03.01.2020

17. | Kulev Mihail 1954 dr. 0,5 03.01.2020

18. | Scaticailov Serghei 1974 f-grad 0,5 03.01.2020

19. | Rabei lvan 1987 f-grad 0,5 03.01.2020

20. | Vengher Dumitru 1975 f-grad 0,5 03.01.2020

21. | Odainai Valeriu 1977 f-grad 0,5 03.01.2020

22. | Pasincovschi Eugen 1950 f-grad 0,75 03.01.2020

23. | Lealin Stanislav 1987 f-grad 0,5 03.01.2020 | 03.01.2020

24. | Petco Alexandru 1991 f-grad 0,75 03.01.2020

25. | Lavric Vadim 1991 f-grad 0,75 03.01.2020

26. | Casian Maxim 1987 f-grad 0,5 03.01.2020

27. | Postaru Andrei 1981 f-grad 0,5 03.01.2020

| Ponderea tinerilor (%) din numirul total al executorilor conform contractului de finantare | 19
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Modificiri in componenta echipei pe parcursul anului 2020

| Ponderea tinerilor (%) din numdrul total al executorilor la data raportirii l

Norma de
o " Sami munca o
Nr Nume, prenume Anul nasterii | Titlul stiintific Data angajarii
conform
contractului
1. Buga Alexandru 1982 dr. 1,00 03.01.2020
15

Rector U.T.M.

4

dr. hab. Viorel BOSTAN

Contabil (economist)

7
%/dtum)
Py / i
777724

(numele, prenumele)

Victoria IOVU

(semndtura)

Conducitorul de proiecth S LHE Dosten,

(numele, prenumele)

Academician Ion BOSTAN

$i
Rs;

= N
» 3 7:‘1 )%:6‘%' \
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Ury
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75" & [V AR\
A IZAO 7
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(semnatura)

(numele, prenumele)




ANEXE

Anexa 1. Vederea generald a standului de Incercari si testdri experimentale ale
transmisiilor precesionale (figura A 1).

Anexa 2. Vederea generald a formei de turnare a rotilor transmisiilor precesionale
prin presare cu injectie din mase plastice (figura A 2).

Anexa 3. Mostre de transmisii precesionale. (figurile A3.1, A3.2 A3.3, A3.4).

Anexa 4. Postere ale prezentarilor rezultatelor obtinute la saloanele internationale,
aprecieri.

Anexa 5. Prospect al realizarilor obtinute in cadrul proiectului in anul 2020.



3. TS 107/S001 FMF-Support

6. TS 104/S002
In-LineTorque Sensors L-shaped fixture GEARBOX In-LineTorque Sensors
1. BHB-6BA UNDER TEST FMF-Suppart
9.ER121/031  Hysteresis brake \ L-shaped fixiure
Cable(20m) o o prps1  \ Servo motor
Cable (20m) Parkar BE1GCI-NPSN

BL-001-A
Blower Assembly,
240 VAC

2. MIC-5-2470 15H7/9HT
MIC Miniature Couplings

5. MIC-5-0617 8H7/BHT
MIC Miniature Couplings

4. MIC-5-2470 12H7/9HT
Riser Kit  MIC Miniature Couplings

5. MIC-5-0617 BH7/8HT
MIC Miniature Couplings

8. 88M085-2000 |
Cable (20m)

14. 88M176-0200
Cable (2m) Parker Arles AR-4CE
7. Lambda ZUP36-6 . r
s j m— O

CEE T - B 1B N
1. M-TEST 7
Testing Software

10. DSP7002-1-3 CDnu'olor-e CH (GPIB + ZI."D}
High-Speed Programmable Dynamometer Controller

16. GPIB Cable
Cable {2m)

785

Heavy-Duty Equipment Rack: Existing test bench support
for housing all integrated electronics and PC

s (The components of the test stand
(Belongs to the Magtrol Company are in the corresponding scale)
and is presented as an example)

Figura Al Vederea generala a standului de Tncercari si testari experimentale ale transmisiilor
precesionale



Figura A2 Vederea generala a formei de turnare a rotilor transmisiilor precesionale prin presare
cu injectie din mase plastice proiectata si fabricatd in cadrul proiectului

Figura A3.1 Reductor planetar precesional cu rotile fabricate prin injectie cu presare din mase
plastice (turnate pe carcase metalice), cu urmatoarele caracteristici geometrice 61-2=22,5°, d3-
4=0°,21=24,7,=25, 23=31, 24=32, 1=110,7



Figura A3.2 Reductor planetar precesional cu rotile fabricate prin injectie cu presare din mase
plastice (turnate pe carcase metalice), cu urmatoarele caracteristici geometrice 01-2=15°, d3-
4=15°,71=40, z,=41, 73=33, 24=32, i=164

Figura A3.3 Reductor planetar precesional cu doi sateliti cuplati cinematic cu rotile fabricate
prin injectie cu presare din mase plastice (turnate pe carcase metalice), cu urmatoarele
caracteristici geometrice 61..=22,5°, 93.4=0°, 21=24, 2,=25, 23=31, 24=32, 056=22,5°, O7-
8=0°, 25=24, 26=25, 27=31, 28=32, i=12254,49

Figura A3.4 Reductor planetar precesional cu trei sateliti cuplati cinematic cu rotile fabricate
prin injectie cu presare din mase plastice (turnate pe carcase metalice), cu urmatoarele
caracteristici geometrice 91.2=15°, 93.4=15°, 21=40, 2,=41, 23=33, 24=32, 056=15°, 57.8=15°,
25=40, z6=41, 27=33, 28=32, 5910=15°, &1112=15°, 25=40, 26=41, 27=33, 28=32, i=4410944.
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- UNIVERSITATEA TEHNICA
a XVIII-a editie DIN CLUJ-NAPOCA A MOLDOVEI

Cluj - Napoca, Romania, 18-20 noiembrie 2020

PRECESSIONAL PLANETARY TRANSMISSION

Dr. Sc., prof.1on BOSTAN; Dr. Sc., prof. Valeriu DULGHERU; PhD., assoc. prof. lulian MALCOCI;
PhD., assoc. prof. Maxim VACULENCO; PhD., assoc. prof. Radu CIOBANU.

The problem solved by the invention is the simplification of the construction and the Patent
application

increase of the reliability of the precessional planetary transmission by reducing the dynamic nr. 2009 MD,
loads. 0f06.03.2020

The proposed technical solution allows to increase the reliability of the gearbox by reducing the dynamic load,
in particular,on the bearings and gear elements.

v’ Simplicity of construction;
v" High reliability;
v Reduction of dynamic loads.

Computerized model.

Overview of precessional planetary transmission Shaft-crank subassembly with balancing elements

11 16 5 10 17
Dy,

eqz

Dy, D,

Component parts:

1-housing, 2- satellite block, 3, 4 - tapered
rollers, 5 - fixed central gear, 6 - gearbox
cover, 7 - movable central gear, 8 - driven
shaft, 9 - bearings, 10 - precession center O,
11 - crankshaft, 12 - inclined sector, 13 -
outer part of the lighter half of the satellite
block 2, 14 - additional table, 15 - segment,
16 - eccentric bushing, 17 - segment with
threaded end, 18 - eccentric nut.

Precessional planetary transmission, which
includes a housing (1), the satellite block (2) with
two crowns with tapered rollers (3) and (4), the
' crankshaft (10), the fixed (5) and movable central gears
(6) characterized in that the center of mass of the
satellite block (2) with two conical roller crowns (3) and (4)
overlaps with the point of intersection of the axes and
generators of the conical rollers (3) and (4), of the crankshaft
axis (11) and the axis of the inclined sector (10), at the same time
on the ends of the inclined sector (10) of the crankshaft (11) are
fixed the correction masses (16) and (18), whose dynamic
moments are equal in size and opposite in direction to the
dynamic moments of imbalance of segments (15) and (17).

:ELJ"JMI; DL A Departament of Machine Projecting Basics
U Tel: (+373 22) 50-99-88, e-mail: oleg.ciobanu@bpm.utm.md




UNIVERSITATEA TEHNICA

a XVlll-a editie DIN CLUJ-NAPOCA Technical University of Moldova,

ClI.I] - Napoca, Roménia, 18-20 noiembrie 2020 Department “Manufacturing Engineering”

Bevel gear wheels execution procedure

Sergiu Mazuru, dr. hab., conf. univ.; Serghei Scaticailov, drd.; Maxim Vaculenco, dr., conf. univ.;
lon Bostan, academician al ASM, dr. hab., prof. univ.

Goal:

Increasing productivity, processing precision, expanding technological Inventi on

possibilities by processing different types of gears. 1 8 9 5

a2019 0011
2019.03.14

To perform the procedure, a device with a tool with a radius-shaped
peripheral profiled abrasive disc set in motion by a DC electric motor is installed on
a gear machine tool.

Advantages:
v" simplifying gear adjustment in the gearbox;
v simplification of gearbox operation;

v" expanding the possibilities of the gearbox operation with or without
backlash.

Stage:

Industrial prototype.

The kinematics of the
process includes the
following 5 movements:

1. The main cutting
movement - tool rotation;

2. Linear movement of the
tool along the tooth;

3. Rolling motion - discrete
rotation of the blank;

4. The oscillating
movement of the tool
coordinated with the rolling
of the wheel,;

5. The advance movement
of the tool towards the semi- - 1 - . -
finished product Kinematic diagram of the generation process The device for generating the teeth
’ by grinding with a tool - peripheral profiled disc of the precessional gears

’E;@J—_B'JMIZ UNIVERSITATEA TEHNICA Department “Manufacturing Engineering”, TUM

Tel: (+373 22) 50-99-44, e-mail: sergiu.mazuru@tcm.utm.md
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Cluj - Napoca, Romaénia, 18-20 noiembrie 2020

DEVICE FOR DEFORMATION OF THE GEAR TEETH GEAR

Dr., conf. univ. Nicolae TRIFAN; drd. Alexandru MAZURU; dr., dr. hab., conf.univ. Sergiu MAZURU
Goal:

Broadening the technological possibilities, simplifying the construction of the device.
Patent application

MD 6583
from 18.12.2019

Solution: - : .
The device works the same way. The gear wheel 1 is located on the rotary disc 2 so that

the loading elements 3 are placed in the gaps between the teeth. Initially the teeth are subjected
to the load, which forms the common gaps of the gear 1, taken as an example over one. Compared
to disk4 and pistons 5 and 6, a uniform load q develops.The pistons 5 and 6 under the action of the
liquid transmit the force of the loading elements 3, moving in the radial direction they form the
teeth of the machined gear, forming the necessary amount of grinding of the tooth surface.

Avantages:

High efficiency;

- Simplification of device servicing;

- More simplified and rigid construction;

- Simple and quick adjustment of the device for another wheel.

Stage:

Industrial model.

N i

]FJMI; UNIVERSITATEA TEHNICK Departamentul “Ingineria Fabricatiei”
= A MOLDOVEI
U Tel: (+373 22) 50-99-44, e-mail: sergiu.mazuru@tcm.utm.md
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UNIVERSITATEA TEHNICA
a XVIII-a editie DIN CLUJ-NAPOCA

Cluj - Napoca, Romaénia, 18-20 noiembrie 2020

PROCESS FOR BEVEL GEAR MANUFACTURING

Drd. Alexandru MAZURU; dr., conf. univ. Nicolae TRIFAN; dr., conf. univ. Alexei TOCA; dr. hab., conf.univ. Sergiu MAZURU

Goal:

The formation of the conical toothed gears with high durability and reliability, which S
a i

would allow for diminishing the dimensions and the mass. MD 3562
from 30.04.2008

Solution: : S— : : :

The blank 1 in the form of ring with a conical guide surface is placed on the top of the
matrix 2 on the mandrel 3. The punch 4 presses the blank 1 into the lower die 5. As a result, the
conical toothed wheel 6 is obtained with the teeth of the preliminary form. At the final stage of the
working stroke, the punch also receives a rotating motion that allows the tooth profile to be
changed in the final shape.

ages:
® Minimizing defects, continuous fiber;

® Shortening the manufacturing cycle byabout 60...70%;
® Increasing resistance and fatigue resistance byabout 15...20% compared to the cutting machining.

Stage:

Industrial model.

Preliminary teeth forming

. Final teeth forming matrix
matrix

4

= =
=1 =l

N\
AR

7 \
A/A& : ‘ N %
A

Pre-molded toothed wheel

]FJMI; UNIVERSITATEA TEHNICK Departamentul “Ingineria Fabricatiei”
= A MOLDOVEI
U Tel: (+373 22) 50-99-44, e-mail: sergiu.mazuru@tcm.utm.md
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Technical University of Moldova,
Department “Fundamentals of Machines Design”

Precessional gear transmission

Viorel Bostan, dr. hab., prof. univ.; lon Bostan, academician al ASM, dr. hab., prof. univ.;
Maxim Vaculenco, dr., conf. univ.

Goal:

Increasing the convex-concave contact load bearing capacity by identifying the conjugated profiles with

the small difference in the curvature radius.

Invention

6592

a2019 0101

(' Solution: )
So Uto_l The teeth gearing is performed in contacts

with convex-concave geometry, wherein the central
bevel wheels are made with curvilinear flank profiles
with variable curvature with one tooth less than the
satellite wheel gear rings made with circular arc flank
profiles, the teeth flanks mate with frontal overlap &,
within the limits 1.5<¢%4.0 simultaneously engaged
pairs of teeth, at the same time the gearwheels are
made with the conical axoid angle within the limits
0°£5<30° with the angle between the axes of the crank

and the central bevel wheels within the limits
1.5°€0<7°, and the circular arc radius of the flank
profile of the Z-toothed satellite wheel gear rings is
within the limits (1.0-1.57) D/Z [mm], which generally
provides a reduction of the difference in the curvatures
of the flank profiles in the section with diameter D of up
to (0.02-1.5) D/Z [mm] and a decrease in the pressure
angle o between the flanks of up to 15°, as well as a
decrease in the relative sliding velocity between the
mating flanks.

2019.12.31

Ve, m/s;

9 k\Z,=2,-1,8=22.5° n,=3000 min™

Contact Contact
convex-concav convex-convex

with two bevel gear rings (3) and (4) driven by a crankshaft (5) in sphero-spatial
motion around a fixed point, two central bevel wheels (6) and ( 7), one immobile (6)

SNy
r
75
& = Precessional toothed gear transmission comprises a body (1), a satellite wheel (2)

,=0° W=15.6°  y,=312°  y,=46.8°  y,=624°  y,=78.0°
Linear velocities at the contact point V¢, V¢, V, (a)
the difference in curvature radii (p,-r) (b) of the conjugated profiles

in the contact k; (c) depending on v for Z,=Z,-1 and 8=22.5°
(Z,=24,2,=25,0=3.5°,5=22.5°, r=6.27mm, R=75 mm)

Advantages:

Concerning the
kinematic possibilities,
the precessional gear
transmission at the
present time has no
analogues among the
worldwide known
transmissions.

I e

fixed in the body (1) and the other mobile (7) mounted on a driven shaft (8).

_J v Increasing the load-bearing capacity of the
transmission by engaging the teeth in contacts with the convex-
concave geometry and the minimum difference in the curvatures
of the mating flanks;

v Increasing the mechanical efficiency by changing the tooth
shape, reducing the pressure angle between the flanks and at the
expense of increasing the rolling share of the engaging teeth by
decreasing the relative frictional sliding between the flanks with
a reduction in the frontal overlap degree and a compensatory
increase in the longitudinal overlap degree with pure rolling of
teeth in the sphero-spatial interaction of the mating wheels with
the nutation angle 6;

v’ Extending the kinematic and technological possibilities.

Stage:
@ Technical project,industrial prototype.

Department “Fundamentals of Machines Design”, TUM
Tel: (+373) 22 50-99-39, e-mail: ion.bostan@cnts.utm.md
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12" EUROPEAN EXHIBITION OF CREATIVITY AND INNOVATION

“EUROINVENT”

research project

EURO
INVENT

JIA:

Technical University of Moldova,
Department “Fundamentals of Machines Design”

Non-conventional digital gear manufacturing technologies
with non-standardized profiles from precessional transmissions

Viorel Bostan, dr. hab., prof. univ.; lon Bostan, academician al ASM, dr. hab., prof. univ.; Valeriu Dulgheru, dr. hab., prof. univ.;
Rodion Ciuperca, dr., conf. univ.; Sergiu Mazuru, dr. hab., conf. univ.; Alexei Toca, dr., conf. univ.; Maxim Vaculenco, dr., conf. univ.;
lon Bodnariuc, dr., conf. univ.; Radu Ciobanu, dr., conf. univ.; Oleg Ciobanu, dr., conf. univ.; Nicolae Trifan, dr., conf. univ.;
lulian Malcoci, dr., conf. univ.; lon Dicusara, dr., conf. univ.; Dumitru Vengher, drd.; Alexandru Buga, dr., conf. univ.; Alina Bregnova, drd.

( Project description: }

* /' The success of the competition in which the producers of

new industrial products are engaged is based on the time consumed in the
activities of designing, making prototypes, testing and putting them into
manufacturing. The main performance factors in the development of a new product
are the reduction of the time and the costs of carrying out all the steps prior to its
launch on the market.

The research field refers to the technological development of precessional
transmissions.

The time and costs of achieving the precessional transmissions mostly refer to
the manufacture of central wheels with non-standard convex-concave profiles and
to the satellites with circular arch profiles of the teeth.

These objectives were achieved by developing non-conventional
technologies based on digital manufacturing.

I.In case of precessional kinematic transmissions for the manufacture of
wheels and satellite of the precessional gear with non-standard profiles of the
teeth, three non-conventional technologies have been used:

1. Plastic injection molding of the wheels of the precessional gear with
small diameters up to 42mm and averages up to 105mm (figs. 1, 2). The
innovative elements consist in the construction of wheels with metallic

reinforcements which substantially reduce the inevitable deformations

characteristic of the process. The inserts of the molds with negative profiles to

the real ones are produced by digital manufacturing on numerically controlled
machine tools based on the CAD / CAM system;

2. Pressing technology from metal powders (fig. 3). The innovative
elements consist in the construction of pressing forms (double pressing) that
provide airship porosity and lubrication regime with dry lubrication for
operation in vacant spaces. The insertions of the pressing forms also have
negative profiles to the real ones and are produced by CNC digital fabrication;

3. Direct digital manufacturing technology - 3D printing. Direct digital
manufacturing is a process of obtaining the physical parts directly from a 3D
CAD file. The main advantages of the process are: low energy consumption,
small losses of material, high manufacturing speed, parts with complex
geometries can be realized, reducing the time required to execute the
industrial product.

Il. For precessional power transmissions with bolt gear, the technology of
digital manufacture of central wheels with variable convex-concave profile on CNC
machine tools based on CAD / CAM system with straight and inclined teeth has
been developed (fig.4).

1. Positioning of the billet 2. Roughing of the toothed crown

@

3. Preventive generation of the flank surface

o) ] i (h Sy
Fig. 1. Pressure injection molding form:

(a) - the local section of the wheel-satellite forming
node of the 2K-H precessional gear; (b), (c), (d),
respectively, 3D views of the molds with tooth

profiles of the teeth and the wheel-satellite; (e), (g),

(f), (h) - respectively, manufactured samples of dies,

crank shaft and satellite wheels.

5. Final generation of the flank surface

b 4

[ (b
Fig. 2. Local sections of the mold forming knot: Fig. 3. The technological equipment for
(a), (b) - for the ture of fixed and bl indivi ing: the central wheels with
central wheels of the 2K-H precessional gear convex / concave profile of the teeth (a); of the
respectively; (c), (d) - 3D views of fixed center wheel two-wheeled satellite-wheels in a circle arc
and mirror profile die; (e), (f), (g) - respectively the (b); c and ¢ with a di
views of the central movable wheel, the of 24,38,46,62mm (c).
reinforcement and the mold with mirror profile.

Fig. 4. Phases of manufacture on a machine tool with numerical control of the central cogwheel with straight teeth.

Department “Fundamentals of Machines Design”, TUM
Tel: (+373) 22 50-99-39, e-mail: ion.bostan@cnts.utm.md
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Maxim Vaculenco, dr., conf. univ.; Serghei Scaticailov drd.; Sergiu Mazuru, dr. hab., conf. univ.;
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( Project description: }

* /' Mechanical transmission consumers impose more and

more demands on increasing the energy efficiency and their load bearing
capacity. If about 80% of the global energy is transmitted to the drive
mechanisms of the machines through mechanical transmissions, then the
increase of their mechanical efficiency by only 1% leads to the saving of 0.8% of
the energyproduced on aglobal scale.

The development of the robotics and mechanical systems with compactness
restrictions impose to the gear ever more stringent requirements regarding the
mass and gauges, the quality of the gear material, the technological efficiency
measured during the manufacturing operations, the cost of production, etc.

These requirements taken as a whole lead to the need to diversify and
modernize the toothed gears A’ in the form of the tooth contact of the gear
geometryand toothed wheels manufacturing technology.

These requirements can largely be met by precessional transmissions with a
new toothed gear concept with,,congruent”concave-concave contact.

Ensuring the competitiveness of PT with specific constructive-kinematic
features of the toothed gears with gear with “congruent” concave-concave contact

needs research in the following directions:

* Development of a new toothed gear concept with “congruent” concave-
concave contact with small difference of the curvatures of the flanks

« Elaboration of the generation processes by spatial tumbling-rolling of the
convex / concave profiles and in a circle arc on numerically controlled machines
and of the additive technologies with prototyping in 3D printers.

« Creation of the CAD/CAM/CAE platform for designing, manufacturing and
researching the congruent contact and the precessional gear as a whole with
major functional characteristics.

The foreseen researches have a complex multidisciplinary character with a
pronounced opening to the patenting of inventions, including all the aspects
necessary for the manufacture of industrial products for the purpose of their
commercialization.

The expected results of the researches will be expressed in the elaboration
of new A’ toothed gears with straight A%, andinclined A2 toothed gears
with “congruent” concave-concave contact of the teeth, of new generation
technologies by spatial tumbling-rolling of the convex/concave profiles and in a
circle arcand expanding the field of applications.

The mathematical model

and the synthesis of the precessional gearing e e e L ] G ] [Pl

The executory coordinates of the tooth profile are:
XE =k

The E, point trajectory

inthe X, Y, Z, coordinates 1. Positioning of the billet

2. Roughing of the toothed crown

75 +d
By T2

YF-., ki 2, 0 %
. [1x 2 [ \2 2 2 2 ]
z, ettt e s s )" o [ ]
21 2 \2
[ENRCN
a) 2724, 2,225 R75mm, p,=6.272mm, 0=3.5°, 522.5°, p=4.78°
2 1§

©) K, The surface of the profile flank
4 i generated through X, Y, . Z,

L

3. Preventive generation of the flank surface

) )
) A\

>

5. Final generation of the flank surface

The billet 3D model
overlapped with flank profile surface

2,=30,2,231,R=75mm, p,=4.587mm, 0=3.5°, §=22.5°, =3.5°

Precessional gear 2K-H with reduced relative slip in the teeth conform contact:
a, ¢ - teeth gearing (Z3-Z4) and (Z1-Z) with conform contact;
b - gearing with sphero-spatial movement.

T iy W

The profile of the teeth in the precessional gear, unlike the classic ones,
is variable depending on the parametric configuration [Z,—0:*1]

which ensures high bearing capacity and mechanical efficiency. A precession motor gearbox with an A’ gearing with a gear ratio i = -68.8: (a) assembly drawing; (b), general view.

Department “Fundamentals of Machines Design”, TUM
Tel: (+373) 22 50-99-39, e-mail: ion.bostan@cnts.utm.md

e e




12" EUROPEAN EXHIBITION OF CREATIVITY AND INNOVATION

&  “EUROINVENT”

21-23 May 2020, lasi - Romania i nve nti o n
Precessional transmissions with conform contact

JIA:

Technical University of Moldova,
Department “Fundamentals of Machines Design”

of the teeth in multi-pair gearing

Viorel Bostan, dr. hab., prof. univ.; lon Bostan, academician al ASM, dr. hab., prof. univ.
Maxim Vaculenco, dr., conf. univ.;

Goal:

Increasing the convex-concave contact load bearing capacity by identifying the conjugated profiles with

the small difference in the curvature radius.

Solution:
_J The teeth gearing is performed in contacts

with convex-concave geometry, wherein the central
bevel wheels are made with curvilinear flank profiles
with variable curvature with one tooth less than the
satellite wheel gear rings made with circular arc flank
profiles, the teeth flanks mate with frontal overlap &,
within the limits 1.5%¢54.0 simultaneously engaged
pairs of teeth, at the same time the gearwheels are
made with the conical axoid angle within the limits
0°<5<30° with the angle between the axes of the crank

and the central bevel wheels within the limits
1.5°<0<7°, and the circular arc radius of the flank
profile of the Z-toothed satellite wheel gear rings is
within the limits (1.0-1.57) D/Z [mm], which generally
provides a reduction of the difference in the curvatures
of the flank profiles in the section with diameter D of up
to (0.02-1.5) D/Z [mm] and a decrease in the pressure
angle o between the flanks of up to 15° as well as a
decrease in the relative sliding velocity between the
mating flanks.

Invention

6592

a2019 0101
2019.12.31

V., m/s;

9 k\Z,=Z;-1,8=22.5° n,=3000 min”

Va
5 T\

Contact Contact
convex-concav convex-convex

ky

-t
v,=0° W,=15.6°  y,=312°  y,=46.8°  y,=624°  y,=78.0°
Linear velocities at the contact point V., V¢, V, (a)

the difference in curvature radii (p,-r) (b) of the conjugated profiles

in the contact k; (c) depending on v for Z,=Z,-1 and 8=22.5°
(Z,=24,7,=25,0=3.5°,5=22.5°,r=6.27mm, R=75 mm)

Advantages:

Concerning the
kinematic possibilities,
the precessional gear
transmission at the
present time has no
analogues among the
worldwide known
transmissions.

e e

Precessional toothed gear transmission comprises a body (1), a satellite wheel (2)
with two bevel gear rings (3) and (4) driven by a crankshaft (5) in sphero-spatial
motion around a fixed point, two central bevel wheels (6) and ( 7), one immobile (6)
fixed in the body (1) and the other mobile (7) mounted on a driven shaft (8).

_J v Increasing the load-bearing capacity of the
transmission by engaging the teeth in contacts with the convex-
concave geometry and the minimum difference in the curvatures
of the mating flanks;

v Increasing the mechanical efficiency by changing the tooth
shape,reducing the pressure angle between the flanks and at the
expense of increasing the rolling share of the engaging teeth by
decreasing the relative frictional sliding between the flanks with
a reduction in the frontal overlap degree and a compensatory
increase in the longitudinal overlap degree with pure rolling of
teeth in the sphero-spatial interaction of the mating wheels with
the nutation angle 6;

v’ Extending the kinematic and technological possibilities.

( tage: }
S age Technical project,industrial prototype.

Department “Fundamentals of Machines Design”, TUM
Tel: (+373) 22 50-99-39, e-mail: ion.bostan@cnts.utm.md
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N Crearea angrenaril Acx_cy Sia coqtactulm dintilor ,E-‘JU-,@JME
cu geometrie concav-concava K¢y _cy .

Traiectoria miscarii p. G (Xg, Y, Zg) a satelitului in ecuatiile Euler Z,
X = R- cns(ﬁ)(—cus(’t])- deg) sin(gp..b) +sin(- deg)cus(tpﬂ,) cos(0) — R -sin(§)sin(1)- deg)sin(0) ] }
P 0.
Y(;-q: =-R- L‘Us(ﬁ)(sin(ﬂ)- deg) Si“(‘PllJ) + cos(W- degjcus(tp.q,] cos(B) + R -sin(d) cos(- deg)sin(6)
e = —R - cos(§) - cos(\p-.p) sin(0) — R - sin(§) cos(0) —] \
iar proiectiile vectorilor de viteza a originei razei de curbura V de pe sfera sunt urmatoarele:
) ] ) Z 7 o
A X(;‘l“ =R w-| cos(d)| sin(P- deg) sm(cp,,b) 1= ?z -cos(0) | — cos(1 - deg) cos(cp,,b) . 7—2 —cos(0) | | - sin(d) sin(0) cos( - deg) - 7 Y, \'A

Z Z
\‘\,(;‘l‘: =-R-w- |:cos(5)|:cos(1[)- deg) sin(tp¢) . [1 - ?: . cos(B)] + sin (1 - deg) cos( lp¢) . [Z: - cos(e)]i| + sin(8) sin () sin (1 - deg):|

¥/
Voo =R-w- [l]cus(ﬁ)sin(ﬁ)sin{tp,b)
iy ZZ

Coordonatele executorii ale profilului dintilor sunt:

i . L. i
oL ey e P ] L )
Ty YGyT Gy NGy +
R’ cos(B) - Vg RY - cos(B)+dy Y
1y X6, Yve, ~Yg ':xc ‘2, =¥ ¥e %0
v Gy Yy R0y b

Chisindu, 25 noiembrie 2020 2/18




b Cinematica angrenajelor precesionale A2, .,/ AE,_ ., z_-‘JU-,L_g.JME
PREC -

functie de coraportul dintilor conjugati Z, , =Z,5*1

Functionare regim de reductor Functionare regim de multiplicator

Zl=Zz-1,Z4=Z;-1, 7273 Z1=ZZ"1’Z4=Z3_1-ZZ>Z3 Zl=22'1,24=23+1,22<23 Zl=22+1,24=23‘1,22>23
+20<is+3600 -20<i<-3600 +8.3<i<+30.3 -7.3%i-29.3

o, \

Z,

21=ZT11 Z4=73+1, 55_4=0°, Zy<7Z3 Zl=Zz"’1, Z4=75-1, 61_2=0-, Z2>73 Zl=22+1, Z4=73-1,2,<2Z3 Zl=22’1, Z4=73+1,72,>73
+8.3<is+30.3 -7.35i<-29.3 -7.3%i€-29.3 +8.3<i<+30.3

AR

. 2 4

l P

Zl=Z;+1,Z4=Z;-1,81,1=0°,Zz<23 Zl=Zz-l,Z4=Zs+1,5;_4=0.,22>23 Zl * ZB - Zz ' Z4

-7.3<is-29.3 +8.3is+30.3
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Densitatea rapoartelor de transmitere

a transmisiilor mecanice utilizate in plan mondial

Wik

Unitéti reductoare produse

32,1

75%

T T I T T T ————— T _____ = 7_ === 10
2 810 32,1 50 80 320 3600 1.310° 4710 (3
\W_J N v J
Evol- Armonice
ventice v 4
Cicloidale “CYCLO”
AN J
Y
Precesionale 2K-H )
7.3 8.3 20 29.3 30.3 3600 12.9610° 46.656-10
I\ & Y & I\
[ 20 < < -3600 1 1 J i
1 -7.3=i=<-293 ’ ’
[ Z202:41.70025-1,5, 207, 2,525 |1 I 272371, 2e=25-1,23725 27231, 2251, 23475 | | L ) |
-7.3%i%-20.3 -20%i-3600 +20%i5+3600 G . fac! S
$2.3 |§£.8
c 5o c 529
2EZSZ| |2EZSS
gE ol 4E oW
g dW |88 g
2 % ¥ oy SL58Vv |58
+8.3 <i < +30.3 2RV (22 Ry
2288 |22 8%
= ‘0 (&)
g | £ 9 1FE 3
0, =1 — =] —~

Diagrama rapoartelor de transmitere ¢ cu limitele prezentate
sunt realizabile pentru numarul dintilor
(15<2Z,,,,<60)

Chisindu, 25 noiembrie 2020

20 <i <*3600

0N

2,721, 747751 TusTs

Z7Z11,Ze=Z351, 22723

—7.3<i<-29.3

272141, Zem 51, B, 0, 22475

272141, 247751, 5,20, 2227

+8.3<i<+30.3

77711, Ze=Tx+1 8, =0, 72475

Z=Z23-1, ZamZa+ L, By o0, 227 Ts
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Dezvoltarea transmisiilor precesionale TriN/lE
@ cu angrenare A¢y_cy :F@JML

Modelul cinematica TP
cu angrenare A2y .y

Z1=ZZ'1: 24=13-1,7,>75
-20<i<-3600

¢, ¢ [[Z=z-L,5=225° Z7,+1,5-225°

i G=fE,
off /L C|=f(r:1)
kS ‘
4 SOV
E ok E
k 1| T— T T ‘ Tl k
o 4 8 1ReEE
a) b) 0

Profilogramele dintilor in angrenarea A2,y :
a) £,=2,-1,6=22.5°;b) Z,=2,+1,06=22.5°; ¢) Z,=Z,+1,8=0°
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Conjugarea multipara a dintilor Z(1-2) si Z(3-4) in angrenarile ARy == V -
PRETX—C"\‘X in functie de unghiul de precesie y cu unghiurile axoidelor conice 'E-Gj lrl L\ A

Sp0= Ggay= 22°30°
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Conjugarea multipara a dintilor Z(1-2) si Z(3-4) in angrenarile ARy == V -
PRETX—C"\‘X in functie de unghiul de precesie y cu unghiurile axoidelor conice 'E-Gj lrl L\ A

S1.= 22°30"; §5.4=0°
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& PRECV—__//S\%

Conjugarea multipara a dintilor Z(1-2) si Z(3-4) in angrenarile AIC)X_CV
in functie de unghiul de precesie y cu unghiurile axoidelor conice
Op.9= 0°; 0g.4y= 22°30°

Wik
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Transmisie precesionald cu angrenari Agy_ =/l
S\F e o L3 L3 - L3 - CX CV o E
PRECE cu roti injectate din masa plastica pe carcase metalice ’Gj LLJ— M

4 s 6 1 3 7, Z, 2 7 8
iy
2 —
*O h = H— \‘ e
Ok 4L | —
O' -
4&" i
=4
L %

(a) - sectiunea axiala; (b), (c), (d) - roata satelit injectata pe portsatelit metalic cu semiax si brau

perforat; (e) — roata centrala imobild cu coroana cu dinti Z;; (f) - roata centrala mobila cu Z, dinti.
Chisindu, 25 noiembrie 2020 9/18




Transmisie precesionald cu angrenari A2, _ _J - I;
\B CX-CV -
@ cu roata satelit cu dantura flotanta axial si glisare tangentiala ':GJUF M

(© (d) (e)
(a) - sectiunea axiala; (b) - manivela cu lacas dezaxat sub unghiul de nutatie 6;
(c), (d) - danturi cu unghiurile axoidelor conice 6,_5=0..4=22°30" si respectiv cu §_5=0.4=15°;
(e) — portsatelit cu semiax.

Chisindu, 25 noiembrie 2020 10/18




Transmisii precesionale cu coraportul dintilor =Nl
pReceS” 2,=Z,1, 8p.0= 22°30° §1 Z,=Z;-1, §5.4=22°30" ’:—HUQJML

-20<i<-3600 <

Ygr L8

Motoreductor precesional cu A2y_.,, i=—124
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e Transmisii precesionale cu coraportul dintilor QU,@JME

Z]_:Zz'l, 5(1_2):22 03O,§i Z4:Z3-1’ 5(3_4):22 °30,

+20<i<+3600 <

Z, Z, Z, Z

Motoreductor precesional cu A2y_.,, i=+165

Chisindu, 25 noiembrie 2020 12/18




Transmisii precesionale cu coraportul dintilor =Nl
pRECES” Z,=2,+1, 67.»=0°s1 Z,=Z5-1, 53 4=22°30" :-JLUEJML

~73<i<-293 "=~ .

O, N

vd Zz, 7, Z
Z1=22+1: Z4=73-1, 81_2=0°, Z2>73

¢=fg)

Motoreductor precesional cu A2y_.y,i=—13.29
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Transmisii precesionale cu coraportul dintilor =Nl
pReceS” 2,=Zy-1, 8q.9= 22°30"5i Z,=Z5+1, 534=0° :-HUEJML

+8.3<i<+30.3 =

Z, Z, Z; L

¢=f&)

Vepn

Yeps

C=fE)

Motoreductor precesional cu A2y_.,, i=+14.29
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Transmisii precesionale cu coraportul dintilor
Z]_:Zz'l, 5(1_2): 22 OBO, §i Z4:Z3-1’ 5(3_4):22 030,

Wik
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Transmisii precesionale cu doi sateliti-semimanivela TN/l
\b L =
@ cuplati consecutiv (£ 3600 <i <*]2.96-1(0°) tGUFJ JML

Z,=59, Z,=60, Z,;=59, Z,=58,
Z.=59, Z,=60, Z,=59, Z;=583
i=12110400

i Zal Ze-Zg
ZyZ3—2pZy ZsZ;—ZgZg

7,=30, Z2,=31, Z,=25, Z,=24, | e
7 =30 7.=31 7.=25 7.=24 Motoreductor precesional cu doi sateliti-semimanivela
5T VM £V £7T 4V S8 cuplati consecutiv A2y _.,, i=15376

Chisindu, 25 noiembrie 2020
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Transmisii precesionale cu doi sateliti-semimanivela TN/l
\b L =
@ cuplati consecutiv (£ 3600 <i <*]2.96-1(0°) tGUFJ JML

13 12 11 10 7 2 8 9 6 3 4 5 1 14
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Transmisii precesionale cu trei sateliti-semimanivela =/|=
\b ’ -
&JPR“‘S cuplati consecutiv (£12.96-10° < i < *46.656-10°) :Gj LgJML

Z,=59, Z,=60, Z,=59, Z,=58,
Z.=59, Z,=60, Z,=59, Z;=58,
Z,=59, Z,,=60, Z;=59, Z,,=58,
i=4.2144-10%

Z,=30, Z,=31, Z,=25, Z,=24,
Z.=30, Z;=31, Z,=25, Z;=24,

Motoreductor precesional cu doi sateliti-semimanivela
cuplati consecutiv A2y _ .y, i= —1906624

Chisindu, 25 noiembrie 2020 18/18
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