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UvoD

Experimentovanie so skuto¢nou technickou ststavou je obycajne ¢asovo i finanéne nakladné a pritom nemusi
zarucovat’ optimalne rieSenie. V poslednych desatrociach sa postupne vyvinuli mnohé komeréné softvéry pre
rieSenie dynamiky viazanych mechanickych systémov reprezentujucich najréznejSie mechanizmy. Viaceré
pocitacové programy umoznili automatické generovanie a rieSenie pohybovych rovnic. Takto je umoznené
konstruktérom vytvarat’ virtualne prototypy (VP) navrhovanych mechanickych zariadeni. Optimalizacia tychto
VP znamena ur¢enie hodndt navrhovanych parametrov zariadenia tak, aby spravanie sa systému bolo optimalne
podla zvoleného kritéria, ktorym byva funkcia vhodne vybranych optimalizaénych premennych.

Kons$trukény navrh a optimalizacia vybranych parametrov gravitaéného orientovaca
valcovych puzdier

V prednaske je prezentovany kon$trukény ndvrh mechanizmu gravitaéného orientovaca loziskovych puzdier a
optimalizacia vybranych konstrukénych parametrov, ktora ma podstatny vplyv na kinematické a dynamické
vlastnosti zabezpecujlice pozadovany chod zariadenia.

Orientacia valcovych suciastok s vyuzitim gravitacie

Zasobovacie zariadenia a zasobovacie subsystémy maji vyznamné postavenie v Struktirach montdznych
systémov. Jednou z funkcii, ktor zabezpeCuji je orientacia suciastok v priestore a ¢ase podla poziadaviek
montaznych operacii. Zatial’ najviac pouzivané zariadenia na orientovanie valcovych suciastok, namontované vo
vibraénych zasobnikoch, orientuju ¢asto iba ¢ast’ z dopravovanych suciastok. Ich d’alSou nevyhodou je pomerne
vel'kd hluénost. Taktiez rieSenie orientacie pomocou priemyselného robota nie je vzdy efektivne hlavne z
dévodu nakladov. Tieto nevyhody viedli k tomu, aby bol navrhnuty taky dopravnik a sacasne aj orientovac
suciastok, kde by boli nizSie naklady na vyrobu i prevadzku, minimalna hluénost, stopercentna ucinnost
orientovania a dopravovania stuciastok.

Na zéklade tychto poZiadaviek bol namodelovany a odsimulovany VP gravitaéného orientova¢a. Ulohou
tohoto zariadenia je zorientovat’ loZiskové puzdra vchadzajiuce do zariadenia v troch réznych polohach 1, 2, 3
(obr.1.), do polohy 1 (tab.1).

Obr. 1 Mozné polohy loziskovych pazdier
Medzi doélezité parametre od ktorych zavisi spravne fungovanie dopravnika patri uhol naklonenia
vodiacej plochy « , dizka vodiacich ploch, konstrukéné parametre orientovacich prvkov a drsnost’ vodiacich
ploch. V tejto prednaske je prezentovany optimalny vyber uhlu & a nésledne zaciatoCnd rychlost’ sticiastky Vq

na vstupe do orientovaca 1 a to na zéklade uskutocnenych simulécii a citlivostnych analyz v prostredi programu
MSC.ADAMS/View.

Dopravované a orientované suciastky prechadzaji vodiacimi drahami, ktoré sa skladaji zo Styroch

zakladnych ¢asti (obr.2). St to orientova¢ 1, orientova¢_2 (vodiaca plocha ma tvar skrutkovice), orientova¢ 3 a
vedenie. Tieto suciastky spolu s orientovanym a vedenym kruzkom boli namodelované v prostredi programu



Pro/Engineer. Orientovanou stciastkou bolo loZiskové ptizdro, ktoré ma vonkajsi priemer ¢ =26 mm a vysku
h =26 mm. Material je ocel triedy 11373. Pomer ¢/h=1/1.
CYLINDRICAL
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Obr.2 Ideovy navrh gravita¢ného orientovaca

Tabul'ka 1 hovori, ze pokial do orientovaca vchadza valcovd suciastka v polohe 1, prejde celym
gravitaénym zl'abom bez zmeny orientacie. Pokial' vchadza do gravita¢ného Zzl'abu v polohe 2, v Orienting 1
nadobudne pozadovanu polohu, ktort uz viac nemeni. A nakoniec, pokial’ vchadza do gravitacného zlabu v
polohe 3, v Orienting_2 sa nato¢i do polohy 2 a v Orienting_3 dosiahne pozadovant polohu 1.

Tab. 1 Mozné polohy suciastky

Initial position | Orienting_1 | Orienting_ 2P | Orienting_3
1 1 1 1
2 1 1 1
3 3 2 1

Orienta¢nym prvkom na ¢lene orientovaé_lje zl'ab, ktorého tvar je zrejmy z obrazku 3 a). Na obrazku 3
b) je zobrazeny spdsob orientovania sic¢iastky pomocou tohoto zl'abu, t. j. z polohy 2 do polohy 1.

Obr. 3 a.) Orientovaci zl'ab, b.) Telesa

Druha Cast’ zI'abu orientova¢ 2 svojim skrutkovicovym tvarom umoziiuje suciastkam, ktoré st v polohe 3
otoCit’ sa 0 90° do polohy 2 a to pocas prechodu touto ¢ast'ou zlabu (obr.4). Smer pohybu pizdier na obrazku ¢.4
je sprava dol'ava. St¢iastky z prvej a druhej polohy prejdu skrutkovicou bez zmeny polohy.



Obr.4 Orientova¢ 2 — orientovanie suciastky
Na obrazku 5 je tretia Cast’ zZl'abu orientova¢ 3, ktord je tvarom totoznd s prvou Castou, len druhy bok
drazky je rovinna plocha. Tu sta¢i rovinna plocha, pretoZe touto ¢astou uz neprechadza kruzok v polohe 3, kedy
je vhodné aby bol s drazkou v minimalnom kontakte.

F5(EXTRUDE 1) |

Obr.5 Orienting_3

Citlivostna analyza uskuto¢nena metodou Design Study ak ¢/h=1/1

Aby sme zistili, pri akom uhle sklonu plnia jednotlivé casti dopravnika svoju funkciu, pouzili sme jeden z
nastrojov parametrickej analyzy programu ADAMS a to Design Study (DS). Principialne je DS nastroj na
Stidium vplyvu zmeny jedného parametra na cielovu funkciu a to v rdmei stanoveného rozsahu jeho zmien.
V priebehu jednotlivych simulacii sa menil uhol naklonenia vodiacej plochy ¢ . Ten bol optimalizacnou
premennou DV_1 a cielovou funkciou bola prva nulova hodnota vzdialenosti tazisk T, tj. z; = F(a)—0
j=1-+n, kde n je pocet opakovani (obr. 6). Takto bol ziskany minimalny uhol naklonenia vodiacej plochy o,

, pri ktorom sa suciastka spravne orientuje. Po¢iato¢na rychlost’ suciastky bola nulova.
Position 2

Measured
value z;

MARKER_24

Obr.6 Pretoéenie krizku na ¢lene orientovac_1

Sledujeme vplyv zmeny optimaliza¢nej premennej DV 1 t.j. uhlu natocenia roviny & na ciel'ovu funkciu,
vzdialenostou markerov Z ;. Z grafu na obrazku 7 vidime, Ze pri prvom a druhom pokuse sa t'azisko nedostalo



do nulovej polohy, to znamend, ze puzdro ostalo stat’ v drazke (Ciarkovana Ciara). Pri tretom, Stvrtom a piatom

pokuse sa puzdro spravne preto¢i a optimalna hodnota je &, =11,5° (plna Ciara, tab.1.2, obr.1.11).

min
Stav, ked’ kriizok dosiahne takt rychlost, Ze prejde ponad orientovaci prvok bez zmeny polohy je v obr
1.11 oznaceny bodkovanou ¢iarou, alebo to je mozné vidiet' z priebehu rychlosti stciastky (obr.1.13, plna ¢iara)

a taktiez vizualne pri animacii. Na obrazku 1.12 je vygenerovana zavislost ciel'ovej funkcie na uhle natocenia.

Table 2 Results of simulation for setting up the angle &

Design Study Summary

Model Name: angle
Date Run:08:50:45 22-Apr.2013

Objectives

01) Minimum of Zj
Units:mm
Maximum Value: 0.572 (trial 1)
Minimum Value:v(trial 1)

Design Variables
V1)
Units: degree

Trial  Zj[mm] o [°] Sensitivity
1 -0.572 9.0 0.003
-0.568 10.2 0.248
0.048 115 0.250
0.056 12.7 -0.004
0.049 14.0 -0.016

a B~ W N

Priblizna citlivost’ konstrukcie na ndvrhovu premennu V, je vypocitana zo vztahu:
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Obr.7 Pretocenie suciastky



ence of the objective function on time
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Obr.8 Zavislost’ ciel'ovej funkcie na uhle nato¢enia

Na obr. 9 plné &iary zndzoriiuju priebeh rychlosti, ked’ nedochadza k orientacii, t.j. ide o priblizne
rovnomerne zrychleny pohyb, rychlost’ rastie priblizne linearne (plna hruba krivka), resp. ddjde k vel'mi malému
poklesu rychlosti (plna tenka krivka).

Je dolezité, s akou rychlostou V; vstupuje sic¢iastka do orienta¢ného prvku. Napr. pre v, =700mm/s sa
uz dana stciastka nepretaca obr. 8, plna hruba krivka.

Ak mame najdeny optimalny uhol, hl'addme vhodnu rychlost’ na vstupe do orientovaca. Pre vstupnu
rychlost v, =650mm/s je situacia znazornrna na obr. 1.14 plnd hruba ¢iara. Malé zmeny rychlosti na tejto

krivke vyjadruji nepretoCenie sa suciastky, velké zmeny rychlosti — krivky pod plnou ¢iarou predstavuju
korektnii orientaciu. Rychlost’ na vstupe do orientovacieho prvku sa da riadit’ napr. dizkou naklonenej roviny.

Velocity
2000.0
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1 —-~Trial_2_alpha=21d_v0=503mm/s
———Trial_3_alpha=28d_v0=570mm/s
150004 | 7 Trial_4_alpha=35d_v0=633mm/s

. —Trial_5_alpha=45d_v1=688mm/s
—Trial_6_alpha=49d_v1=717mm/s

Velocity (mm/sec)
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o
o
o
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Obr. 9 Courses of velocity if v=0



—Trial_1_v=160mm/s
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Obr. 10 Courses of velocity if v=VD_2

3.1.3 Citlivostna analyza uskutofnena v prostredi ADAMS/View metédou Design Study,
ake<h.

Doteraz sme riesili orientaciu puzdra kde pomer jeho priemeru k vyske bol ¢/h=1/1. Dalsou otazkou je
ako bude treba upravit’ prvia Cast’ orientovaca tak, aby spravne orientoval puzdra kde ¢ <h . Orientované puzdro
malo nasledujuce rozmery: ¢=26mmah =32mm . Material klznych ploch bol zvoleny alkalicky polyamid,

ktory je cenovo dostupne;jsi tvrdsi ako teflon. Znizuje opotrebenie a zabrani nadmernému hluku. Dal$ou vyhodou
je jeho opracovatelnost’ na beznych kovo-obrabacich strojoch. Faktor Smykového trenia zvoleného alkalyckého
polyamidu je 0,15.

3.1.4 Design modifications

Pokial' uvazujeme tri polohy v ktorych puzdra vstupuju do orientovac¢a (Obr.11), tak zariadenie si
vyzaduje konstrukéné zmeny pre orientovanie z polohy 2. Vodiaca draha je SirSia ako priemer krazku, preto
treba puzdro spravne naviest’ na orientovaci prvok. Uskutoéni sa to tym spdsobom, Ze sa cely ORIENTOVAC 1

nato¢i o ohol g =arctg0.15=28.53". Puzdro sa vplyvom uhlu g presunie k boénému vedeniu je s nim neustale

v kontakte a tym sa spravne nastavi na orientovaci prvok (Obr.1.15).

Obr.11 Design modifications



3.15 Simulacie pre definovanie minimalneho uhlu nato¢enia a. Simulation for defining the
minimal angle of inclination a

Minimalny uhol naklonenej roviny orientovaca 1 ¢, sa zisti opdt’ metddou Design Study. Podmienky a

min

metody sa zhoduju s opisom v kapitole 3.1.2. Bolo uskuto¢nenych 5 pokusov. V tabulke 1.3 bola prvy krat
cielova funkcia rovna nule a to pri tretom pokuse (Obr.1.3, plna hrubd ¢iara). Tomu zodpoveda i minimalny

uhol naklonenia «,,=9". Pri prvych dvoch pokusoch, ¢iarkovana Ciara, ostalo puzdro stat’ v drazke. Pri

Stvrtom a piatom pokuse sa krizok pretoCil korektne. Na obrazku 1.14 st grafy priebehov rychlosti pri
jednotlivych uhloch natocenia orientova¢a. Minimalna rychlost’ pred orientovacim prvkom by mala byt 330
mm/s. Na obrazku 1.15 su znazornené Casové priebehy kinetickej energie puzdra pri jednotlivych uhloch a.

Table 1.3 Results of simulation for setting up the angle «

Trial zifmm] a [°]
1 2.34 7.0
2 2.33 8.0
3 0.06 9.0
4 0.047 10.0
5 0.023 11.0
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Fig.1.14 Time courses of velocity at particular angles of inclination
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Fig. 1.15 Time courses of kinetic energy of bushing at particular angles of inclination

3.1.6 Summary

Tato podkapitola predklada navrh zakladnych konS$trukény parametrov; jedného Elena gravitaéného
orientovac¢a. Uvedené kritérium charakterizuje funkciu zariadenia. Geometrické parametre tohto prvku su:

1.p/h=1/1

2.¢/h=26/32 ¢o si vyziadalo v ¢lanku opisané konstrukéné upravy prvej Casti gravitaéného dopravnika

Pre Specifikaciu optimalnych parametrov bola pouzitda metdéda DS, ktora sa pouziva v programe

ADAMS/View. Toto rieSenie je vhodné pre rozsah uhla o =9° +18°

3.2 Adesign and optimization of the fully automatic shunting mechanism

Commonly used mechanisms for conveying, shunting and shifting of cylindrical components do not ensure
sufficient stability of components by their mutual arrangement. In addition, separate mechanism is used for their
shifting, which increases overall dimensions of a machine.

In this paper, the virtual prototype of the mechanism which enables to orient, convey cylindrical parts,
creates the set of parts and shift them on given position will be designed and optimized.

The environment of MSC.ADAMS program includes tools of parametric analysis which will be used for
refining the properties of the model of VP. In this paper, optimization in ADAMS/ Insight environment is
presented. Structural parameters which have an influence not only on failure-free operation of a machine but also
on achieving its higher power and increasing the lifetime of conveyed components will be optimized.

3.2.1 Kinematic scheme of the VP of dosing mechanism

Fig.1.16 illustrates the kinematic scheme of dosing mechanism which conveys and doses cylindrical components
after desired number of pieces. This mechanism has two degrees of freedom, i.e. displacement of the members 2
and 3 in z-direction (Fig. 1.16). The motion of mechanism is regulated by hydraulic drive.



@

MOTION *2Z

K-
T

Fig. 1.16 Kinematic scheme of dosing mechanism.

The mechanism is composed of the following members:

1 - cylindrical components 5 - trench

2 - blankholder 6 - helix

3 - carrier 7 - vibrating conveyor
4 - sliding surface

The mechanism work as follows (Fig. 1.17): Cylindrical components are conveyed from the vibrating
conveyor 7 to the helix 6, where they are oriented into required position. Cylindrical components then cross into
the vertical part of the trench and then they fall out on the member 2 (Fig. 1.16 and Fig. 1.17a). Members 2 and 3
perform translational reverse motion in z-direction (Fig. 1.17b). When members 2 and 3 push out from under
components, these components fall out on the member 4 (Fig. 1.17b). By the simultaneous motions of the
members 2 and 3 in +z-direction the bottom component is pushed out on the sliding surface 4 and the component
above it will fall out on the member 2 (Fig. 1.17c). This procedure repeats unless there is required number of
components on the sliding surface 4. When this condition is fulfilled, the member 3 will push out in +z-direction
(further than member 2) and shift the set to the next technological operation.



Ll

a) b)

2R-a

Fig. 1.17 Kinematic scheme of working cycle of the mechanism.

3.2.2 Optimization of structural parameters in ADAMS/Insight environment

By the impact of cylindrical component on the blankholder and sliding surface, there are impact forces which
can damage the component. The VP is modelled in ADAMS/View environment (Fig. 1.18). The optimization is
performed in ADAMS/Insight environment. The conveyed components are cylinders modelled in ANSYS
environment.

Structural parameters which have an influence on magnitudes of the contact forces are optimized in the
process of solution. These variables represent the angle of the blankholder o, = pr 1 and position
p,, =DV 2 from which the height of impact of the component on the sliding surface is calculated (Fig. 1.19).
The objective functions are contact force in the impact of the cylinder on the sliding surface 4 -
F,-OBJECTIVE _1 and contact force in the impact of the cylinder on the blankholder 2 - F;, —~OBJECTIVE _2.

Optimal values of the structural parameters correspond to minimal values of the mentioned contact forces.



c) d)
Fig. 1.18.VP in A/View environment a, b, ¢, d. Fig 1.18.a corresponds to the Fig. 1.17.a, ... and Fig.1.18.d corresponds to
Fig.1.17.c.

Fig.1.19 Structural parameters of the VP.

After performing analyses with solver settings, [1]: GSTIFF, S12 and performing the post processing in
AJlnsight environment, the result block Design of Experiment Summary will be displayed (Tab. 1.2). We can
assess the influence of combinations of the design variables on the objective functions and choose the most
suitable combinations of the design variables.

Table 1.2 The result block Design of Experiment Summary

Trial Objective_1 Obijective_2 DV_1 DV_2

1 5573.7 3363.4 20.0 88.0

2 5940.6 3921.0 20.0 93.0




3 6580.0 7688.0 25.0 88.0
4 6168.1 7480.0 25.0 93.0
5 6564.1 4661.1 30.0 83.0
6 6151.5 3963.7 30.0 79.0
7 5666.0 8297.3 30.0 74.0
8 4200.6 43734 30.0 70.0
9 4906.1 4641.9 35.0 83.0
10 4584.1 6358.7 35.0 79.0

As we can see, the objective function OBJECTIVE_ 1 reaches minimal values for trial 8:
OBJECTIVE_1 =4200.6 N, DV _1=30° and DV_2=70 mm. The second objective function reaches the minimum
in trial 1 in angle of DV_1=20° and position of DV_2=88 mm.

As we can see, the minimum of both objective functions will not be achieved by the same values of the
variables. So we get into the field of multi-criterion optimization where the optimal result is assessed as an
acceptable compromise between both objective function.

The results from particular trials are loaded in A/Insight environment. These results are prepared for
regression analysis (fitting quadratic surface through the results of experiments in terms of least squares) (Fig.
1.20 and Fig. 1.21).

objective_1

DV_1

Fig.1.20 Response of the objective functions OBJECTIVE_1.
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Fig.1.21 Response of the objective functions and OBJECTIVE_2.

3.2.3 Conclusions

The goal of the optimization analysis was to find the angle of blankholder and its position so that the loading
onto the sliding surface and carrier was minimal and was equally large if possible. Tab. 1.2 and Fig. 1.20 and
Fig. 1.21 were combined into Fig. 1.22 for that reason. Y-axis represents the value of impact force and x-axis
represents the number of combination of parameters. Parameters responding to combination 8 marked by circle
are considered as the optimal values. Corresponding structural parameters for this combination were mentioned
as a recommendation for future structural design.
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Fig.1.22 Response of the objective functions OBJECTIVE_1 a OBJECTIVE_2.

It should be noted that solution with more refined distribution of structural variables would refine the
given results. The solution revealed stress concentrations on the blankholder at the impact of the component. So
the next solution will be an optimization of the shape of blankholder or using of damping materials on its
surface. It is also notable to consider uncertainties of geometrical and material parameters of the device. Then the
next step will be the formulation of this problem as a task with uncertainty parameters [2, 3].



