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Vibrovesera kustibas vadibas 1zpéte
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Kopsavilkums. Tiek aplikota vienas brivibas pakapes vibro-
trieciena vesera vertikala kustiba. Ka vadibas ierosmes speka
izmaina piepemta laika vai fazu koordinatu funkcija. Izpétiti
kustibas  stabilitates  jautajumi vibrotriecienu  reZimos.
Noskaidrotas adaptivas vadibas (fazu Kkoordinatu funkcijas)
priekSrocibas. Dotas rekomendacijas kustibas vadibas sintézei
reala sisttma ar divu sensoru palidzibu (t.i., ar koordinatas un
atrumu sensoru izmantoSanu).

Atslegas vardi: adaptivs ierosmes spéks, harmoniska ierosme,
kustiba fazu plakng, vibroveseris.

l. IEVADS

Maisdienas automatizacijas procesi ir neatnemama razosanas
sastavdala. Automatiz€jot procesu, iesp&jams samazinat
darbaspéka izmaksas, palielinat iekartas darba produktivitati un
nodro$inat darba izpildes kvalitati.

Darba mérkis ir izpetit dazadas vibrovesera vadibas ierosmes
funkcijas un analiz&t to darbibas iespgjas.

Vairuma vibracijas masinu ir Tpatniba — dinamisko kustibu
nenoteiktiba no to ierosmes darbibas struktiiras. Tas nozimé, ka
objektu kustiba ir atkariga no sisttmas un ierosmes
parametriem, pieméram, no pievienotas masas, atsperu
stingumiem, pretestibas spékiem un ierosmes vadibas likuma.
Tada veida iezimes padara iekartu jutigu pret apkartgjas vides
apstaklu izmainam, ka rezultata var rasties normala rezima
traucgjumi.

No citas puses, stacionaro kustibu adaptiva vadiba
vibromasinas padara tas piemé&rotas automatizetai reguléSanai.
Pirmkart, jo augstaks regul€jama objekta vadibas limenis, jo
mazaka jauda vajadziga to vadibai no viena rezZima otra.
Otrkart, vairuma gadijumu, izmantojot iekartas dinamiskas
Ipatnibas, var butiski vienkarSot sistémas automatizaciju.

11.VIBROVESERA SHEMA UN KUSTIBAS
DIFERENCIALVIENADOJUMI

Saja petijuma tiek apliikots vertikals vibroveseris (sk. 1. att.),
kurs sastav no masas, kas iekarta atsperg un slapétaja. Veseris
ievietots gultnos, lai samazinatu berzi un paildzinatu iekartas
darbmizu.

Vibrovesera kustibas analizei izmanto 2. Niitona likumu (1).
Vibrovesera vertikalas kustibas diferencialvienadojums ir:

m-§y 1)

—M-g—C-X,—b-v,+P(t,xnvn)

kur M — masa;
XnsVn ¥ — parvietojums, atrums un paatrindjums;
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1. att. Vertikala vibrovesera shéma.

g — brivas kriSanas paatrinajums;
¢ — linearas atsperes stingums;
b - pretestibas spéka koeficients;

P(t, xn,vn) — ierosmes speks.

I11. VIBROVESERA HARMONISKAS IEROSMES IZPETE
Harmoniskas ierosmes gadijuma speks Po(t, Xns vn) ir $ads:

P =Pp,-sin(w-t) 2

kur P, — speka amplitida;
@ — lenkiska frekvence;
t - laiks.

Sis gadijums ir pla§i pazistams un labi izpé&tits, piem&ram,
darbos [1], [3], [5]-[7] u.c.

Ka piemérs kustibas modelé$anai talak aplikots gadijums ar
parametriem (skat. 2.—4. att.):

. LA I 2w
m=2[kg]; c=—=; b=01;, o =—— ;
[kal; ¢ 0.07 T == [s7]

Ka jau zinams praks€, harmoniskas ierosmes gadijuma nav
atgriezeniskas saites spékam pret trieciena procesu, kad
iespgjama vesera pielipSana (2. att.). Palielinot frekvenci
vairakas reizes, sakas bezpielipsanas kustiba (5.—7. att.).
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2. att. Vesera parvietojums laika. Grafika redzams, ka masa pielip pie
pamata un kadu laiku nekustas. Tas nozim€, ka $ada kustiba ir
neefektiva.

th

3. att. Vesera atrums ka funkcija laika.
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4. att. Kustiba fazu plakn&. Grafiks parada, ka fazu trajektorijas ir cilpu
veida. Tas atkartoti norada, ka kustibas ierosme ir neefektiva.
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Talak kustibas model&Sanai apliikots gadijums ar parametriem
(skat. 5.—7. att.):

. m-g. .. ) 2-7-03. ..
m=2[kgl; c=—=: b=01; #:="""""[s;
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5. att. Vesera parvietojums laika bez apstasanas.
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6. att. Vesera atrums ka funkcija laika.
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7. att. Kustiba fazu plakn@ bez apstasanas.
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Analize rada, ka, ja mainas ierosinosa spéka frekvence @, Model&Sanas pieméra grafiki doti 11.-13. att. Redzams, ka
kustiba atkal var kliit neefektiva (8.~10. att.), respektivi, mainas ~ $ada ierosme ir loti efektiva, jo stacionarais reZims iestajas daZu
trieciena atrums. ciklu laika. Plasak §T ierosme ir izpétita darba [9].

0.1 T T T T
0.03 T T T T 0.08-
T T
0.02 ' 0.06
0.01 n *n 0.04 I
*n
- 0.02[ ]
ol
oH i
- 0.017 7] 1 1 1 1
-0.02
| | | | 0 2 4 6 8 10
—-0.02
0 2 4 6 8 10 ty
tn

d S

1] T T T T T
0.4 T T T T
0.5 T
0.2 T o |
Vi
Un 7] n _
v — 0.5
-0.2I T _1F -
—0.4f - 15 1 1 1 1 1
~002 0 002 004 006 008 0.1
1 1 1 1
-0.6 Xq
-0.02 -0.01 0 0.01 0.02 0.03

13. att. Kustiba fazu plakné.
10. att. Kustiba fazu plakné.

V.VIBROVESERA ADAPTIVAS IEROSMES IZPETE, JA PIELIETO

IV. VIBROVESERA ADAPTIVAS IEROSMES IZPETE, JA PIELIETO DIVUS SENSORUS

TIKAI ATRUMA SENSORU Otras adaptivas ierosmes gadijuma speks ka atruma y, un
Adaptivas ierosmes gadijuma speks ka atruma funkcija var ~ koordinatas X, funkeija var bit pienemts $adi (4):

bit pienemts $ads: )
P =Py-sign(va—K- ), (4)

P = Po-sign(v,)- &)
kur k — konstante.
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Ierosmes spéka atkariba no fazu koordinatam x, un vy,
paradita 14. attéla.

Vi k*xn
+Po
i
2
-Po

14. att. Ierosmes speks fazu plakng.
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15. att. Vesera kustiba fazu plakng.
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16. att. lerosmes spéka ka laika t funkcija.

Analize arada, ka, mainot koeficientu k no bezgalibas lidz 0,
iespgjams iegiit dazadus vesera sitiena atrumus, sakot no

beztrieciena rezima lidz pat maksimalam trieciena atruma
rezimam, kad k = 0 (skat. 15.-19. att.).
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18. att. Rezims, kad k = 1.
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19. att. Rezims, kad k = 0.

VI. SECINAJUMI

1. Tika aplukotas tris vadibas ierosmes funkcijas. Lai
vibrovesera darbiba biitu efektiva un optimala, svarigi ir
palielinat ta darbibas atrumu un intensitati. Tatad svarigi, lai
nepiecieSamo darbu izpildes laiks biitu minimals.

Ka pirma tika aplikota vadibas funkcija ar harmonisku
speka ierosmi. No izveidota aprékinu modela, pielietojot
harmoniskas ierosmes funkciju, secinats, ka ieglit optimalu
vibrovesera darbibas atrumu ir saméra laikietilpigs process.
Saja gadijuma svarstibu frekvence jaizvélas tada, lai
nenotiktu vesera pielipSana, kas rada nevajadzigu dikstavi
starp svarstibam. Tapat, ja izv€leta parak augsta frekvence,
iespgjama situacija, kad veseris strada neefektivi
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(nesasniedz nepiecie$amo kustibas atrumu vai amplitiidu). 6. Petrerka, F. Laws of Impact Motion of Machanical Systems with one

= s ¥aiz o : sl : Degree of Freedom, Part Il — Resalts of Analogue Computer Modelling of
Ta ka Saja gadijuma trukst atgriezeniskas saites starp thegMotion Acta Technica CSAV. 1974. 5 pp.%69-580|.0 g

pielikto spéku. un .trieCiena prqcesu,. t.ad optimélas 7. Ragulskene, V. L. Stereomehaniceskie modeli udara. VVibrotehnika, 1967.
frekvences noteikSana ir saméra griiti realiz€jama. 8. Szwedzick, T. Indentation hardness testing of rock. Int. J. Rock Mech. Min
3. Ka daudz efektivaki tika aplikoti varianti ar vadibas Sci. Geomech. Abstracts. 1998, 35, (6), pp. 825-829.

9. Buba, f. A.: Onmumusayus u cumme3 ubpoyoapuvix mawiun, Pura:

funkcijas adaptivu ierosmi. Apskatita adaptiva ierosme gan Sumame, 1988, 253 c.

ar vienu (atruma funkcija), gan ar diviem sensoriem (atruma
1.1n.k00rd.1nét.as funkcijas). Secmﬁt.s, ka Sads VadbedS modelis  sandra Veinberga, Master’s degree student, Institute of Mechanics, Riga
ir ievérojami efektivaks neka variants ar harmonisku speka  Technical University.
ierosmi. Sajé gadijuma stacionars rezims iestajas vien dazu Address: 6 Ezermalas iela, Riga, LV-1006, Latvia. Phone: +37126705989; Fax
ciklu laika un svarstibas ir vienme&rigas un efektivas. +3716227820094;
e, .. . . _ E-mail: sandra.veinberga@edu.rtu.lv

4. Pielietojot vadibu ar diviem sensoriem, papildus v&l
iesp&jams varigt ar koeficientu k. Ja k tick mainits robeZas  Martins Greiskans, Master’s degree student, Institute of Mechanics, Riga
no 0 Iidz bezgalibai, attiecigi iesp&jams panakt, ka veseris ~ Technical University. ) )
darbojas maksimala trieciena atruma reima vai vispar bez Address: 6 Ezermalas iela, Riga, LV-1006, Latvia. Phone: +37126167955; Fax
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trieciena. E-mail: martins.greiskans@edu.rtu.lv
LITERATURAS SARAKSTS Martins Irbe, Master’s degree student, Institute of Mechanics, Riga Technical
N Lo University.
1. Babickij, V1. Theory of vibro-impact systems. Moskova: Nauka, 1978.  aAddress: 6 Ezermalas iela, Riga, LV-1006, Latvia. Phone: +37126441997; Fax
2. Glocker Ch. On Frictionless Impact Models in Rigid-body Systems — Phil. 3716227820094
Trans. Royal Soc. London, A, 2001, 359, pp. 2358-2404. E-mail: martins.irbe@rtu.lv

3. Kononova, O., Polukosko, S., Sokolova, S. Contact Forces in Vibro-

Impact Systems . Mehanika. Riga, RTU Zinatniskie raksti, no. 28, 2008,  pmitrijs Ribaks, Master’s degree student, Institute of Mechanics, Riga
78.-87. Ipp. ISSN 1407-8015. Technical University.

4. Lankarani H.M., Nikravesh P.E. Continuous Contact Force Models for  Address: 6 Ezermalas iela, Riga, LV-1006, Latvia. Phone: +37127736388; Fax
Impact Analysis in Multibody Systems // In: Nonlinear Dynamics, 1994, 5, 43716227820094:

pp. 193-207. . . . E-mail: Dmitrijs.Ribaks@rtu.lv
5. Petrerka, F. Laws of Impact Motion of Machanical Systems with one

Degree of Freedom, Part | — Theoretical Analysis of n- Multiple (1/n) —

Impact Motions, Acta Technica CSAV, 1974, 4, pp. 462-473.

Sandra Veinberga, Martins Greiskans, Martins Irbe, Dmitrijs Ribaks. Research of motion control for vibratory hammer

This article considers a vertical vibratory hammer with one degree of freedom . For variation of excitation force, the time or phase plane coordinate functions are
used. The objective was to analyze variety of different motion conditions and to detect stable motion of the vibratory hammer. The main advantages of adaptive
control (phase plane coordinate functions) are determined. Recommendations for motion control in a real system with two sensors (i.e., coordinate and speed) are
presented. Key features in an efficient and optimal vibratory hammer operation are its working speed and beat vibration intensity. Minimizing operational time for
planned assignments is crucial in manufacturing industry today. In this article, three different types of excitation control functions for vibratory hammers are
presented. At first, the control function with harmonic force excitation was considered. It was established that finding an optimal vibration frequency is rather time-
consuming and inaccurate. If the frequency is set too low, the hammer has the tendency to stick to the surface. As a result, the time, necessary for operations,
increases. On the other hand, if the frequency is set too high, there is a possibility of an inefficient impact speed or amplitude. The main reason is the lack of
feedback between the applied force and the impact. As more efficient, the models with adaptive control of excitation function were found. Adaptive excitation with
a single sensor (speed function) and with two sensors (speed and coordinate functions) was considered. It was established that this kind of the control model is
much more efficient and easier to control. In this case, a steady state occurs in a few cycles and oscillations are uniform and efficient. When the control with two
sensors is used, it is possible to control the constant k. The value for k can be adjusted from zero to infinity. If the value is set to zero, the vibratory hammer works
at a full impact value; if the value is set to infinity, a zero-impact state is acquired.
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