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UTILIZING OF SENSITIVITY ANALYSIS IN PREPARATION OF
OPTIMIZING PROCEDURE

Summary. Speed and efficiency of an optimizing algorithm can be a function of used
number of variables. Before optimization of dosing mechanism parameters, sensitivity
analysis was performed. Choice of the design variables was the output from this analysis. The
article deals with this analysis and interpretation of its results.
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WYKORZYSTANIE ANALIZY WRAZLIWOSCI W PRZYGOTOWANIU
PROCESU OPTYMALIZACJI

Streszczenie. Szybko$¢ i efektywno$¢ algorytmow optymalizacyjnych moga byc¢
funkcjami zastosowanej liczby zmiennych. Przed optymalizacjg parametrow mechanizmu
dozujacego zostata przeprowadzona analiza wrazliwosci, ktorej efektem byt dobor
proponowanych zmiennych. Artykut jest poswiecony tej analizie oraz interpretacji jej
wynikow.

Stowa kluczowe. Analiza wrazliwo$ci, optymalizacja, zmienne konstrukcyjne, sita
styczna.

1. INTRODUCTION

A correct choice of the optimizing variables significantly affects the speed and
effectiveness of the solution. We start from the fact, that not all of the optimizing variables
have the same influence on selected objective functions. The goal of the article is to present
sensitivity analyses which will exclude optimizing variables with lower influence and point
out to parameters which will serve as design variables in subsequent optimizing analysis.

Sensitivity analyses are performed on a virtual prototype (VP) of dosing mechanism for
cylindrical components (CC) in environment of ADAMS/View - program for multi-body
dynamics.

By performed Design study sensitivity analysis the change of one variable on one
objective function is verified. Simulation was controlled by a simulation script which has
ensured refining of the solution step at the impact of CC on the blankholder and this script
controls an accurate calculating of the reaction.
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2. VIRTUAL PROTOTYPE OF DOSING MECHANISM FOR CYLINDRICAL
COMPONENTS

Fig. 1 shows the VP of the dosing mechanism for CC in particular phases of the working
cycle. In Fig. 1.1 the cylindrical components are passing through the trench and impacting on
the blankholder. In Fig. 1.2 the blankholder is pushing out from under the components which
will impact on the sliding surface. In Fig. 3 the blankholder is going back into its initial
position and by that shifting the blue component. Then the yellow component will impact on
the blankholder. In Fig. 1.4 the blankholder is returning back. The yellow CC falls behind the
blue one and the green one will impact on the blankholder. This procedure repeats as many
times as how many CCs are required in a dose.
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Rys. 1. Pompa wolumetryczna dozownika elementow cylindrowych
Fig. 1. VP of the dosing mechanism for cylindrical components

At the impact of a CC on the blankholder the contact forces arise, especially at higher
weights. These forces have negative effect on a CC and device of the machine. The goal is to
minimize magnitudes of these contact forces by constructional modifications of the selected
parameters.

3. REACTION FORCES UNDER STATIC LOADING

A conveyed CC in proposed mechanism impacts on the blankholder and sliding surface
so that it is in contact with them on two surfaces. For that reason this state is analyzed in term
of a static loading before the dynamic sensitivity analyses will be performed.
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In Fig. 2 free body diagram of CC in contact surface of the carrier is illustrated. Fig. 3
shows the dependence of the reaction forces Ra, Rg in the blankholder on « angle. The blue
curve (Ra = Rg) denotes the dependence without considering friction forces Ta, Tg and the
purple (Ra) and green (Rg) curves denote the dependence with considering friction.

Fig. 2. Free body diagram of cylindrical Fig. 3. The dependence between the angle o
component in V-shaped contact and the reaction forces
surface Rys. 3. Zalezno$¢ miedzy katem o a efektami
Rys. 2. Uwolniony element cylindrowy w reakcji

przestrzeni fadunkowe;j o ksztatcie V

In the analytical solution in term of static loading (Fig. 2 and 3) we have found that
contact surface of the carrier will have the shape of "V" if we want to ensure a stable placing
of a CC in the carrier. The static analysis shows that when increasing the value of the angle «
, the reaction forces also increase (Fig. 3).

4. REACTION FORCES UNDER DYNAMIC LOADING

In this chapter an influence of the selected structural parameters on the contact forces at
the impact of CC on the blankholder in term of dynamic loading is presented. If bodies are in
contact when modeling the VP, the function CONTACT allows you to create or modify it in
the environment of ADAMS/View. Under interrupted (impulse) contacts coming in many
short time intervals, the ADAMS/Solver makes an estimation of the contact forces by
modeling an evolution of local deformation. Energy decrements during the collision are
represented by the damping force with corresponding damping coefficient or coefficient of

restitution [1]. oy
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Fig. 4. Structural parameters o, a and c Fig. 5. Parameters of the analysis
Rys. 4. Zmienne konstrukcyine o, aoraz ¢ Rys. 5. Parametry obliczenia

The Fig.4 illustrates the structural parameters which have an influence on magnitudes of
the contact forces:
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— blankholder angle «, which is a function of the angle 3: a=(180—4)/2.

— position of the blankholder a, which can change in the range of the diameter of CC (

2R).
— distance between the contact surfaces of the sliding surface ¢, which is a function of
the angle y.

4.1. Sensitivity analysis of the change of the blankholder angle

If we want to know the influence only of the angle o on the reaction forces, a CC must
fall from a constant height. In analyses of the change of the blankholder angle we will
position the blankholder so that the absolute coordinate of CC a+k will be constant. The
parameter k is random. This implies that if change the angle o, we have to shift the
blankholder about a value of I, relations (1), (2) and Fig. 5, which is:

- displacement of the n-th position against the previous (n-1) th position - relatively,

| = R ___R o, >0 1
cosa, COSaQ, , "o, (1)

- or the n-th displacement always against the selected constant origin
((n-1)-th position) - absolutely

R
cosa,

I -R, ak «a,,;=0, )

where the position of the blankholder a (Fig. 3)
a=p,—k+Al ©)

and the parameter Al =R R 4)

" cosa

For the verification of the relations (1) and (2) a simulation with equal values of the
blankholder angle and angle of the sliding surface, i.e. 0=7, and with @ =R was performed.
Fig. 6 illustrates the results of the simulation, in which the parameters change in terms of the
above mentioned relations. Values of the contact forces are equal. This confirms the propriety
of the mentioned relations. Analysis was performed for a CC with diameter of 30 mm.

Sensitivity analysis of
the influence of magnitude

1000

90.0¢
80.0- — CONTACT pridrziavac_1_k Element_Force.Mag of the contact force on the
2 70.0: — CONTACT_vedenie_2_k Element_Force.Mag blankhOIder angle was
*] T . N
3 600 realized for a CC with
s zgg diameter of 120 mm.
5 00 Results in Fig. 7 confirms
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Fig. 6. Contact forces on the blankholder and the sliding surface forces also increase.

Rys. 6. Sity styczne na uchwycie a przewody
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Rys. 7. Analiza sil stycznych, o € {35, 30, 25, 20}deg oraz a=R

Fig. 7. Analysis of the contact forces, o € {35, 30, 25, ZO}degand a=R

4.2. Sensitivity analysis of the blankholder position

Design Study Objective
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Fig.8. Change of the contact force depending on the height of the
impact

Rys. 8. Zmiana sity stycznej w zaleznosci od wysokosci wpltywu
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Fig. 9. Magnitude of the contact force depending on the height of the
impact
Rys. 9. Wielko$¢ sity stycznej j w zaleznosci od wysokosci wptywu

When changing only
the degree o (without
changing the blankholder
position), height of the
impact of CC on the
blankholder changes (Fig.
5) too. Figs. 8 and 9 show
the results of the measu-
rement performed by
Design  Study method.
The angle ae{0,40}deg
IS optimizing variable and
reaction force at the
impact of CC on the
carrier  is  objective
function.  This  force
increases with increasing
height of the impact. The
measurement shows that
height of the impact has
non-negligible effect on
the reaction force during
the elemental ope-ration.
Range of the reaction
force is from 3900 N to
7100 N.

4.3. Sensitivity analysis of the influence of the distance between the sliding surfaces C.

A dosed CC falls from the carrier and impacts on the sliding surface (Fig. 1). The goal of
the following sensitivity analysis is to compare, how the reaction force will form the sliding
surface changes by changing the parameter "c" (Fig. 4). Reaction forces were tracked for the
values of the parameter ¢=100, 110, 120, 130 and 140 mm. Contact force increases with
increasing value of the parameter “c". The differences between contact forces do not have
high influence on the solution, because these differences are negligible in term of
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Fig. 10. Analysis of the contact forces depending on the distance between (Elg. . 10). } "Th_e
the sliding surfaces dimension "c" is

Rys. 10. Analiza sit stycznych w zaleznos$ci od odlegtosci przewodu chose as ¢=120 mm
for the reason of

constructional demands (foil winding at packing of CCs) and demands for using the sliding

surface for bearings with different bearing numbers.

Force (newton)

5. CONCLUSION

Starting from the mentioned sensitivity analyses, the position a and the angle « will
serve as optimizing variables for subsequent optimizing analysis. Contact forces on the
blankholder and sliding surface will serve as objective function. Optimal values of the
structural variables are a function of minimal values of the contact forces. By doing so we try
to reduce a loading on a conveyed component, i.e. eliminate its damage. Lower contact forces
decrease a noisiness of the device and form the environment which is better for health of
workers. The article deals with the issue of selecting optimization variables prior to the
optimization solution. Were presented SW modules of the MSC / ADAMS, which supports
this approach. The paper belongs to the field of optimization, contact problems, dynamics and
mechanics of body which is solved in Department of Applied Mechanics of the University of
Zilina [2-5].
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