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1. Introduction

Investigation include mechanical model of side-block 2 that move in relative motion along of
pendulum / groove (Fig. 1.). Side-block and pendulum is connected together with spring and
have bumper. System may be excited by kinematics motion of pendulum axe in two directions
Ox and Oy. Additional forces moment around pendulum rotation point may be added. System
investigation may include two tasks: - possibility of pendulum vibrating motion damping; -
use of system for technological needs. Pendulum vibrating motion is investigated for case
when kinematics motion of axe is harmonically. In this case many kinds of nonlinear motions
of system exist that is known in nonlinear dynamics. By choice of systems parameters (gap,
stiffness of spring, mass of side-block and initial position of side-block location) efficiency of
pendulum vibrating motion damping may be obtained. For technological needs system was
evaluated by shock interaction between side-block and pendulum. It is shown that additional
forces moment around pendulum axe gives positive effect.



2. Description of mechanical system

The investigated system in vertical plane has two degree of freedom: rotation motion ¢ of
pendulum / (together with side-block) around point O and additional relative translation
motion r of side-block 2 mass centre C, .

Fig. 1. Scheme of system

The equations of motion are next (1), (2) [1, 2]:

Jo(t)- ¢ =-K,,(t)-[(g+7)-sinp+&-cosp|—2-m, -¢p-7-r—b-gp+MS; (1)
m, ¥ =—f,(r,F)+m, @ r+m,-(g+7)-cosp—m, - sing. (2)
Here
Jo(ty=Je, +m, - L’ +Jc, +m, -r’; (3)
K,@t)=Jc,+m,-L* +Jc, +m, -r’. 4)

Were ¢,¢ - angular velocity and angular acceleration both objects; 7,7 - derivation in time
of distance r (or relative velocity and relative acceleration of axe — box mass centre); m,,m, -
masses; Jc,,Jc, - axial moments around centre of masses; L - constant distance from masse
centre C, to pendulum vibrating point O; g - acceleration of free fall; &,7 - horizontal and
vertical acceleration components of vibrating pendulum axe; b - constant of linear damping;
MY’ - external additional forces moment around pendulum axe; [-f;,(r,7]- internal

interaction forces from technological process. Example of internal interaction inside free
motion modeling block is shown in Fig. 2, Fig. 3.

3. Motion simulation

First series of modeling was made as free motion to check main model without excitation.
Results of investigations are shown in Fig. 2. - Fig. 5. Comments are given under any picture.
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Fig. 2. Example of internal interaction inside modeling block
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Fig. 3. Graphic of internal interaction and displacement.
Interaction depends of displacement and velocity as linear loop
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Fig. 4. Side-block damping motion in phase plane.
After three impacts internal interaction is stopped
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Fig. 5. Motion of pendulum in phase plane by linear damping
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Fig. 6. Motion of pendulum in phase plane with out external damping (b = 0).
Carioles force practically does not damped motion

Second series of modeling was made for only vertical harmonica excitation. Results of
modeling are shown in Fig.7 — Fig. 11.
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Fig. 7. Equation for modeling with vertical harmonica excitation
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Fig. 8. Angular velocity of pendulum compare with harmonica in time domain
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Fig. 9. Motion in phase plane for pendulum (see Fig. 8)
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Fig. 10. Motion of side-block in phase plane  Fig. 11. Displacement of side-block in time
(see Fig. 11) domain. Stick moment with bumper is seeing
(see Fig. 10)

Third series of modeling was made for common vertical and horizontal harmonica excitation.
Results of modeling are shown in Fig.12 — Fig. 15.
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Fig. 12. Motion of pendulum in phase plane
when two external components acted
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Fig. 13. Angular velocity in time domain and

harmonica of excitation
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Fig. 14. Relative motion of side-block in Fig. 15. Relative velocity of side-block in
phase plane. Periodic cycle is very stable. time domain when two external

It means that this regime may be used for components are added (see Fig. 12 — Fig.
technological processes 14)

Fourth series of modeling was made for common vertical and adaptive moment

(MY =M -ﬁ) excitation. Results of modeling are shown in Fig.16 — Fig. 19.

?
Final series of modeling was made for only horizontal excitation (Fig. 20 — Fig. 21) and only
adaptive moment excitation (Fig. 22, Fig. 23).
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Fig. 16. Motion of pendulum in phase plane Fig. 17. Motion of pendulum in time domain
when vertical excitation exists and additional when vertical excitation exists and additional
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Fig. 18. Relative motion of side-block in
phase plane when vertical excitation exists
and additional adaptive moment is added
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Fig. 20. Motion of pendulum in phase plane
when only horizontal excitation exists.
System is useless for technological processes
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Fig. 22. Motion of pendulum in phase plane
when only moment of excitation exists.
System is useless for technological processes
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Fig. 19. Relative velocity of side-block in
time domain when vertical excitation exists
and additional adaptive moment is added (see
Fig. 16 — Fig. 18)

.0.015508, 0.02

Vn 0 —
-0.017408,  o» |
0 5 10
0 t 8,

n

Fig. 21. Motion of side-block in time domain
when only horizontal excitation exists.
System is useless for technological processes
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Fig. 23. Motion of side-block in time domain
when only moment of excitation exists.
System is useless for technological processes
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Fig. 24. Rotation ahead: ¢/m >> 1
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Fig. 25. Rotation back: ¢/m << -1

0.2

0.12

0.04

®pn

—0.04

0.99 0.994 0.997 1.001 1.004 1.008

T

Fig. 26. Vibration regime around vertical position ¢/ = 1

At the end of motion modeling was checked up special kinds of motion when pendulum rotate
ahead and back or move in vibration regime around vertical position ¢/m = 1 (see Fig. 24-
26). Its means that system is very complicated.

4. Conclusion

Pendulum vibrating motion is investigated for the case when kinematics motion of axe is
harmonically and additional force moment may be added. For technological needs vertical
exciting together with horizontal exciting or force moment must be used. Case with only one
excitation is small efficiency. Modeling shows that there are special kinds of motion when
pendulum rotates ahead and back or move in vibration regime around vertical position. It
means that system is very complicated. Task of damping possibility needs more additional
investigations.
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Panovko G., Mjalo E., Viba J. VibréjoSa svarsta ar papildu iek$éjo bloku kustiba

Izpetits papildu bloka mehaniskais modelis, kura relativa kustiba vérsta pa svarsta gropi. Papildu bloks un
svarsts ir savstarpéji saistiti ar atsperi, un tam ir amortizators. Svarsta vibrdcijas kustiba ir izpétita gadijumam,
kad ass kinematiska kustiba ir harmoniska. Saja gadijuma pastav vairdki sistémas nelinearu kustibu veidi, kas ir
zinami nelinearaja dinamika. Modelésana parada, ka ir speciali kustibu veidi, kad svarsts svarstas uz prieksSu un
atpakal vai kustas vibresanas rezima ap vertikalo stavokli. Sistemas izpetei var bit divi uzdevumi: svarsta
vibrdcijas kustibas slapésana un sistémas pielietojums tehnologiskam vajadzibam. Mainot sistemas parametrus
(gropes garumu, atsperes stingumu, papildu bloka masu un papildu bloka novietojuma sakuma stavokli) var
panakt svarsta vibraciju kustibas bremzéSanas efektivitati. Tehnologiskam vajadzibam novertéta sistemas
papildu bloka un svarsta trieciena savstarpéja mijiedarbiba. Paradits, ka papildu spéku moments ap svarsta asi
sniedz pozitivu rezultatu.

Panovko G., Myalo J., Viba J. Motion of vibrating pendulum with additional inner side-block

Mechanical model of side-block that moves in relative motion along of pendulum groove is investigated. Side-
block and pendulum is connected together with spring and have bumper. Pendulum vibrating motion is
investigated for case when kinematics motion of axes is harmonically. In this case many kinds of nonlinear
motions of system exist that is known in nonlinear dynamics. Modeling shows that there are special kinds of
motion when pendulum rotates ahead and back or move in vibration regime around vertical position. System
investigation may include two tasks: possibility of pendulum vibrating motion damping and use of system for
technological needs. By choice of systems parameters (groove length, stiffness of spring, mass of side-block and
initial position of side-block location) efficiency of pendulum vibrating motion damping may be obtained. For
technological needs system was evaluated by shock interaction between side-block and pendulum. It is shown
that additional forces moment around pendulum axes gives positive effect.

Ilanoexko I. A., Mano E.B., Buba A. Jleusxcenue eubpupyrouwiezo Maamuuka ¢ OONOTHUMETbHHIM
GHYMPEHHUM O/10KOM

B Oannoii pabome uccredosana mexanuueckas mMooeib OONOIHUMENbHO2O OI0KA, OMHOCUMETbHOE 08UdNCEHUE
KOMOp0o20 HANpAaeieHo 600Jb NA3ad MAAMHUKA. JJonoaHumensHulil 010K U MASIMHUK CE3AHbL MedcOy coboll npu
NOMOWU NPYXNCUHbL U UMeem amopmuzamop. Bubpayuonnoe osudicenue MAasmuuka ucciedo8ano ONs Clydds
2APMOHUYHO20 KUHEMAMU4ecko20 O8UdceHus. B smom cayuae cywecmeyem MHO20 6U008 HENUHCUHbIX
OBUIICEHUTI CUCMEMbI, KOMOpble U3BeCMHbl 8 HelUuHeluHou OuHamuke. Moldenupoeanue noxasvieaem, umo
cywecmeyem CneyudaIbHble GUObl OBUIICEHUN, KO020d MAAMHUK Kauaemcsi 6nepéo u Hazad uiu OBUICEMCs 6
BUOPAYUOHHOM pediCUMe B0KPY2 BEPMUKAILHO2O NoaodceHus. Bvibupas napamempol cucmemsi (O1uHy nasa,
HCECKOCMb  NPYACUHBL, MACCY OONOTHUMENbHO20 O/I0KA, HAYAIbHYIO NO3UYUIO OONOJIHUMENbHO20 0ONI0KA)
MOJHCHO doCmuyb IPPekmueHocmu 2auieHust GUOPAYUOHHO20 OBUICEHUS. [l MEXHOIO2UHECKUX HYIHCO COelanHa
OYEeHKA YOapHO20 63aUMOOCLCMEUs Medlc0y OONOIHUMENbHVIM 0O10KOM U MmasmuuxoM. Ilokasawo, umo
OONOTHUMENbHBLI MOMEHM CUL 8OKPY2 OCU MASMHUKA NPUBOOUM K NOJIONCUMETbHOMY dpghexmy.
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