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CLASSIFICATION OF THE ADJUSTABLE TOOTH-LEVER MECHANISMS
OF PERIODICAL TURN AND A MODERNIZED METHOD OF REGULATING ANGLE

Summary. The current method of controlling the duration of stops in the drives of periodic rotation of auto-
matic machines and its constructive realization in the form of a gear-lever mechanism based on non-circular
gear wheels were proposed. Additional design parameters have been determined, making it possible to adjust
the gear-lever mechanism to different angles of the output shaft with no change in the lengths of the links of
the basic lever mechanism. The essence of the proposed method of controlling the angle of emergence gear-le-
ver mechanism is that in the process of turning the leading link mechanism rotation on the driven shaft is
transmitted through non-circular gears, resulting in a change in the conjugate radii of the initial circles of the
engaged gear pairs. A classification of possible variants of the structure of adjustable gear-lever mechanisms
with non-circular gears was given.

Keywords: gear-lever mechanism, non-circular gear wheels, oval-eccentric, mechanical engineering.

Bopruunxuii B.B.
DakyaIbTeT MEXaHIKN Ta eJIeKTPOHIKY, JIaHBPYIKOYCHKUI TEXHOJIOTTYHUN YHIBEPCUTET

KJIACU®IKALIA PETY/IBOBAHUX 3YBYACTO-BAKIVIbHIX MEXAHISMIB IIEPIOJJTUYHOI'O
IIOBOPOTY I MOJEPHI3OBAHMIA CIIOCIB PETYJIIOBAHHSA KYTA BUCOTH

Amnorania. 3amporoHOBaHO aKTyaJIbHUM CIOCIO PEryJIIoBAHHS TPUBAJIOCT] 3YIIMHOK B IIPUBOJAX IIEPIOIUYHO-
r0 ITIOBOPOTY MAIIIMH-aBTOMATIB 1 0r0 KOHCTPYKTUBHA Peasi3allis y BUMVISAl 3y04acTo-BasKIIIBHOTO MEXaHI3MY
HA OCHOBI HEKPYIJIMX 3yOdacTHX KoJjic. BuaHauveHO J01aTKOBI HPOEKTHI mapamMeTpH, IO JA0Th MOKJIUBICTD
HAJIAIITYBATH 3y0UYaTO-BAKIIBHHNA MeXaHI3M Ha PisHl KyTH BHMCOTH Beydoro BaJjia 3 BIJCYTHICTIO 3MIHH J0-
BYKHH JIAHOK 0a30BOr0 BAKLIILHOIO MeXaHi3My. ¥ MAaIIMHOOYIyBAHHI MOKHA BU3HAUYNTH BEJIMKHN KJIAC POTOP-
HUX TEXHOJIONIYHMX MAIIKH, B AKKX POOOUMIL OPraH 341MCHIOE Hepio,untmnﬁ LI0BOPOT 13 3a7aHIMU HeO6Xi,HHI/IMI/I
3YIMHKAaMHM, TPUBAJICTD SKUX BU3HAYAETHCS BUKOHYBAHOI TEXHOJIOTIIHOIO OIIEpali€lo | IOBUHHA OyTH PI3HOI.
IIprknagamMu TAKUX MAIIWH € 0araToNINUHEIbH] BEPCTATH-aBTOMATH 1 PEBOJIbBEPH] *KUBUJIBHUKH JJIS ABTO-
MaTH3anli IeploANIHOL o/1adl 3ar0TOBOK B 30Hy 00po0ku. HaiOLIbmr 4acTiM HE0JIKOM 3aCTOCOBYBAHIX [IsT
BHPIIIEHHs 3a3HAYEHOT0 3aBAaHH: MEXaHI3MIB IIepIOIUIHOr0 PyXy Yy BUIVIA/L MaJbTIHCHKAX, XPALIOBHX 1 I10-
JIyYEPBSYHUX MEXaHI3MIB € PO3PHUB KIHEMATHYHOTO JIAHITIOTa IIPUBOY 3 yAapaMu IpH Ii 3aMUKAaHHI, a TAKOXK
BIJICYTHICTEH PEryJIbOBAHOI TPUBAJIOCTI 3yIIMHOK POOOYOro opraHy. [HIIA KOHCTPYKTHUBHE PillleHHs JAaHO0I 3a1adl
SABJISE 3y0UaTO-BAKIIBHI MEXaHI3MM HA OCHOBI IIAPHIPHUX BAKeJIB 1 KPYIJINX 3y0UaCTHX KOJIIC, IO IIPAII0IOTH
0e3 po3pMBY KIHEMATHYHOIO JIAHITIOra, ajie TAKOK € HeperyJIbOBAHUMH IIPY HEe3MIHHIN JOBKWHI JIAHOK 0a30-
BOTO BasKLJIBHOTO MexaHi3Mmy. Bimomi criocodm peryIioBaHHS KyTa BHCTOIO B 3y04ATO-BAKIJIPHUX MEXaHI3Max 3
KPYIJIMMH 3y0YacTUMU KOJIECAMH 34 PAXYHOK 3MIHH JOBMKHMH JIAHOK BAKIIIBHOIO MEXAaHI13My MAIOTh 00MEesKeH1
KIHEeMATHYH] MOKJIMBOCTI, TAK K J1aIIa30HU 3MIHU JOBKIHI KPUBOIIHUIIA 1 JOBYKUHU CTIHKN 00MesKeH1 yMoBa-
MU KIHEMATHYHOI IIPaIe3[aTHOCT] (HEIOBHAH IIOBOPOT KPUEOIINIIA) 1 CUJIOBUI IPAIe3aTHOCTI (IIePEeBHUIEHH T
AOILYCTHMMX KyTIB THCKY. CyTHICTB 3aIIPOIIOHOBAHOTO cnoco6y PeryJIOBaHHS KyTa BUCOTU 3y04aTO-BAKLIBHOIO
MeXaHI3My II0JIATae B TOMY, 10 B IIPOLIECi IIOBOPOTY Be/y40i TaHKH MeXaHi3My 00epTaHH: Ha BeJlyquil BaJI 1epe-
JTAETHCS Yepe3 HeKPYTJIl 3y0UacTl KoJreca, BHACIIIOK YOT0 3MIHIOIOTHCS BIAIIOBITHI PAJIlyCH IOYaTKOBUX K1JI, 110
BXOJATDH Y 3aYeIJIEHHS I1ap 3y0uacTux KoJTiC. PerynoBanus kyTa BUCTOIO0 TAKOK MOKE 3T1HCHIOBATHCS IILISIXOM
3MIHM KyTa YCTAHOBKH HEKPYIJIMX 3y0UaCTHUX KOJIIC III0JI0 JIAHOK BaMKLJIBHOTO MEXaHI3MYy IIle JI0 II0YaTKY TeXHO-
JIOTIYHOIO TPOIecy. 3alpolOHOBAHO KJIACH(IKAINI MOKJINBUX BAPIAHTIB CTPYKTYPH PEryJIbOBAHHX 3y0O4uaTo-
BAYKLIIbHUX MEXaHI3MIB, III0 MAOTh HEKPYIJIl 3y04UacTi KoJjeca.

Kmrouosi cmoBa: xpyrmi 3ybuacri Kojeca, 3yOuaTo-BAKIJIBHHM MeXaHI3M, HEKPYIJIl IIeCTePHl, OBAJILHO-
EKCIIeHTPUYHUN, MAITNHOOYyBAHHS, KiIHeMAaTUYHI JIAHIIIOTH, IIAPHIPHI BaskeIl.

ntroduction. In mechanical engineering, it can
defined an extensive class of rotary technologi-
cal machines in which the working body makes a pe-
riodic turn with given necessary stops, the duration
of which is determined by the technological operation
being performed and must be different. Examples of
such machines are multi-spindle automatic machines
and revolving feeders for automating the periodic
supply of blanks to the machining zone [1].
Problem statement. Additional design para-
meters have been determined, making it possible

to adjust the gear-lever mechanism to different
angles of the output shaft with no change in the
lengths of the links of the basic lever mechanism.
Analysis of recent research and publica-
tions confirms. Looking for the most optimal
ways to solve Starns G. & Flugrad D.R. [1], Hu Q.C.
& Mo H.J. [2], Guan Y.M., Zhang W.Y., Xiao Y.C.
& Wang X. [3], Liu Y., Gong J. & Wu X. [8] and
others. Analysis of recent research and publica-
tions confirms: the most frequent disadvantage of
the mechanisms of periodic movement in the form
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of Maltese, ratchet and half-gear mechanisms used
for solving this problem is the breaking of the drive
kinematic chain with shocks when it closes, and the
lack of controllability of the duration of the working
body stops.

Selection of previously unsolved parts
of the common problem. The known methods
of regulating the angle of the stand in gear-lever
mechanisms with round gears due to changes in
the lengths of the links of the lever mechanism
[2] have limited kinematic capabilities, since the
ranges of changing the length of the crank and the
length of the rack are limited by the conditions of
the kinematic working capacity (incomplete rota-
tion of the crank) and strength working (exceeding
the permissible pressure angles). That is why the
choice was made of this previously unresolved part
of the general problem of regulating the stand an-
gle in gear-lever the mechanisms with round gears.

Another constructive solution of this problem
is toothed-lever mechanisms based on articulated
levers and round gears, working without breaking
the kinematic chain, but also being unregulated
with a constant length of links of the basic lever
mechanism [3].

Formulation of aims of the article. The es-
sence of the proposed method of controlling the an-
gle of emergence gear-lever mechanism is that in
the process of turning the leading link mechanism
rotation on the driven shaft is transmitted through
non-circular gears, resulting in a change in the con-
jugate radii of the initial circles of the engaged gear
pairs [4].

The dwell angle can also be adjusted by chang-
ing the angle of installation of non-circular gear
wheels relative to the links of the lever mechanism
before the start of the process [8].

Statement of the basic material. Figure 1
shows an embodiment of an adjustable gear-lever
mechanism that implements the above method.

This mechanical device is a combination of
a lever crank-beam mechanism, the leading (crank
1) and slave (yoke 3) parts of which are pivotally
connected to the connecting rod 2 and base 4, and
the transmission gear mechanism for transmit-

Fig. 1. Scheme of the adjustable gear-lever
mechanism with elliptical gears
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ting rotation from the crank 1 to the driven shaft
(Fig. 1 not shown), located coaxially with the
02 hinge connecting the yoke 3 with the base 4.
The gear gear mechanism is made in the form of
non-circular gear wheels 5, 6, 7 and 8 interlocking
with each other, mounted on the links of the lever
mechanism. The wheel 5 and the crank 1 are rigid-
ly fixed to each other in such a way that the wheel
5 rotates relative to the center O1 together with the
crank. Wheels 5 and 7 have the ability to rotate and
install at angles 01 and 62 (adjustable angular dis-
placement of the main axis of non-circular wheels
relative to the connecting rod and rocker arm of
the lever mechanism when located on one straight
crank and connecting rod in the extreme right posi-
tion of the lever mechanism).

Figure 2 shows the relationship between the ro-
tation angles and the diameter 1 and the rotation
angle @3 fixed on the driven wheels 8 in the gear-le-
ver mechanisms (SPM). Curve 1 shows the angle
of elevation @v = 30°, obtained in ZRM with round
wheels. On curve 2, the value of the angle of inclina-
tion = 120°, obtained as axes with elliptical wheels
with different eccentricities of the ellipse el, e2 equal
with respect to the focal space AF5 or BF7 to the
length of the larger equivalent ellipse in the same
direction with the same (el = e2) elliptical wheels.

Fig. 2. Graphs of rotation of the driven shaft
with stops in gear-lever mechanisms:
1 - with round wheels;
2 — with elliptical wheels with eccentricity el # e2;
3 — with elliptical wheels with eccentricity el = e2

Figures 3 and 4 show the relationships between
the rotation angles @1 and @3 in the AAM with el-
liptical wheels and the dwell angles v for differ-
ent mounting angles of installations 61 and 62 of
non-circular gears relative to the links of the lever
mechanism.

From the graphs in Fig. 2, 3 and 4 it follows
that the proposed device allows you to adjust the
dwell angle in the SPM due to the additionally de-
tected parameters, which allow you to adjust the
gear-lever mechanism to different angles of the
output shaft output without changing the lengths
of the links of the base four-arm 1-2-3—4 ). Such
a parameter is the non-circularity (the radius vec-
tors of the conjugated centroid p1 and p2 are vari-
able values) of the gear wheels that engage, which
guarantees the variability of the gear ratio of the
entire STM due to the variability of the conju-
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Fig. 3. Graphs of regulation of the angle
of dwell due to the angular displacement of 1

gate radii of the engaged wheels
during their rotation.

The choice of the required instal-
lation angles 81 and 62 for non-cir-
cular gears relative to the links of
the lever mechanism also greatly
expands the possibilities for regulat-
ing and increasing the dwell angle of
the SPM (see Fig. 2, 3 and 4).

Given the various design op-
tions for the implementation of
gear pairs and various possible
sets of pairs of mating gears, the
following classification of possible
options for the structure of gear-le-
ver mechanisms for periodic rota-
tion based on non-circular gears
(Fig. 5) has been created. Accord-
ing to this classification in fig. 1
shows a mechanism with a uni-
form set of elliptical wheels form-
ing uniform gear pairs.

Conclusions from this study. Achieved in the
proposed modernized method and implementing its
positive effect is as follows:

1. Expanding the kinematic capabilities of the
method and adjustable gear-lever mechanism with
the help of additional changes and increase the du-
ration of the angle of dwell due to the use of addition-
al control parameters in the form of variables when
turning the driving crank of the radii of the initial
circles of pairs of gear wheels, variable mounting an-
gles of non-circular gear wheels relative to the links
of the lever mechanism and selecting the required
eccentricities of the elliptical wheels. The absence of
the specified regulatory parameters (pl, p2, 1, 62,
el, e2) in these gear-lever mechanisms and causes
the shortcomings of their regulation.

2. Regulation of the stand angle due to the spec-
ified regulatory parameters:

References:

(66) * February, 2019 301

Fig. 4. Graphs of regulation of the angle
of dwell due to the angular displacement 2

Fig. 5. Structural classification of gear-lever MTD
on the basis of non-circular gear wheels (NMPD)

a) does not lead to a change in the frequency of
stops of the driven shaft and therefore a given tech-
nological cycle of operation of the gear-lever mecha-
nism is maintained,;

b) simplifies the design of the SPM by perform-
ing one-piece of all links of the lever mechanism
(crank, connecting rod, rocker arm, stand);

¢) provides a dynamic balance of the lever mech-
anism (as opposed to the method of adjusting the
crank length) in the regulatory process by changing
the installation angles 61 and 62;

d) in the process of regulating the dwell an-
gle, it is possible (at constant lengths of the links
of the lever mechanism) to maintain both kine-
matic and optimum power efficiency and transfer
power to the driven shaft at minimum pressure
angles without the risk of jamming of the lever
mechanism.
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