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PARAMETRIC OPTIMIZATION OF SHOCK-DAMPER
BY IMPULSIVE FORCE ACTION

Sergiy Gutyrya, Victor Yaglinsky, Alexander Siforov

Odessa National Polytechnic University, Ukraine

Summary. For the modular construction objects, as oil-dasper (OGD), the method of opti-
mization of functional parameters in the conditiaishock influences is developed. On the ex-
ample of damper diagrams of specific shock damipergreat quantity of Pareto-optimum val-
ues of quality criteria has been got that are repméed as a system of algebraic equation.
Possibility of estimation of shock damper capawiityn working liquid losses is offered here.
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INTRODUCTION

When the vehicle on a high speed collides with roaévenness its shock damp-
ers, especially front ones, are undergone to paowstock influence with subsequent
considerable growth of pressure overfall of workliogid and resistance force. Almost
instantaneous; growth of resistance force resultshé increasing of friction forces
between shock-damper rod, compression and the gait between a piston and a
cylinder. Because of increasing of working liquahperature and diminishing of its
viscosity the loses increase through the clearantesbbing pairs and valves, the
mean value of resistance force decreases at tisecuint unstressed motion. As a result
the damping quality, capacity and service life lidak-vibrations safety system (SVS) has
become worse. The objective reflection of thesel@ngitudinal angular vibrations of a
carriage, steering vibrations, decreasing of mosiafety at the turns and high wear of
tires. Influence of shock force increases in thedimns that become possible during
shock absorber installing and subsequent operatigonint ears defects that reach
+(-) 4% [Reimpell 1989]. To thpresent thanecanism of shock affecting indexes of
quality of SVS and capacity of modern constructiohshock absorbers is not stud-
ied sufficiently that limits possibilities of thefurther technical perfection.
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OBJECTSAND PROBLEMS

Important description of modern constructions obckhdampers is instantaneous
power of the perceived vibrations. The least malieg and most compact at identical
instantaneous power there are [Derbaremdiker 18&&dern constructions of oil-gas
damper (OGD), that provide possibility of adjustimfgworkings descriptions and stability
in the wide range of frequency of vibrations, to-Rgrzs.

As a criterion index of capacity of SVS in the cibioths of shock influences it is ac-
cepted to use the coefficient of overload

_ maxF,

k==

: 1)

0

where: maxF, is a maximal value of force of resistance for¢hesen model of OGD,

Hyis amplitude of shock force.

For complete description and optimization of wogkprocess in OGD enough for the
cycle of shock influence, the indicated descriggiare not.

The most informing index is duration of thestage of complete renewal of parame-
ters of OGD after a shock, and it is expedientdmept a dimensionless coefficient as the
proper criterion of quality of construction
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where:t and [] are maximal and nominal (tabular) values of dorabf the stage of
complete renewal of OGD parameters after a shock.

The out of control parameters of oscillating preceSVS are mass of the object of
defence, amplitude of shock force, duration of hlfrequency of free vibrations.

For the simulating of working process under OGBhaick influence, description of
resilient forces is linear, and forces of resistangartinear, where the followings areas
are marked: first is the stage of compression,esponding to the passing of liquid
through the calibrated openings with the coeffitsenf resistance,; andn,, and second

is the stage of tension, corresponding to the wobrknloading valves of direct and reverse
motion with the coefficients of resistancg; and n,,. In denotationn: the first index

specifies the mode of operations of OGD (1 is@mm@ssion; 2 is retreat); second — the
area of power description (1 — initial; 2 — valula

As a result of analysis of power descriptions of D& the known firms-producers,
the limit values of speed of piece-linear areagffaents of forces of resistance on the
stages of compression of both retreat and nomorak$ of resistance (table) are deter-
mined.

As the guided parameters on the stage of planrfi@GD it is expedient to accept :
coefficient of ansymmetry of power descriptibg and coefficient of non-linearity of
power description on the stage of compreskion
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where: [n,,] is a basic (tabular) value of coefficient of stance of the second (valvu-

lar) piece-linear area of power description of $hdamper.

METHOD OF MODELING

Quality of SVS and shock damper is characterizediéaneously by two criteria (1)
and (2), therefore a task is taken to the settingeotorial optimization with limitations
[Gutyryaet al.2004, Gutyrya and Yaglinsky 2006]

r%iRn f(x); gi(x)s O i=1..m; X, SX<X.., 3)
where: f(x) ={f1(x), fz(x),..., fie (x)} is a vectorial goal functiorxis a vector of project
parametersg; (x) are functions of limitationsm, is an amount of limitationis a
number of criteria of quality.

On the first stage of optimization a goal functgam be presented as the weighed sum
of two private criteria of quality

maxF T, . .
g[/lzfj(x):alj?c+a217°,J=1,...,ms; i=1,..m, 4)

n

where: a, and a, are gravimetric coefficients of private criteribquality, m and m,

is an amount of points of trajectory and numbealtdrnative variants of feasible solu-
tions of task.

At variation of values of gravimetric coefficiemts, a, in a range from 0.1 to 0.9

with a permanent step, realization of SVS, amonghvbhoose the most perspective for a
further analysis variant, get the great numbeitefrative variants.

Basic descriptions of form of shock are duratiorblofwv Ty and amplitude of shock
forcehg attributed to mass of object.

SVS is represented by the model of Rusakova-Kharkay with supposition, that
harmonic shock operates force, the form of whictdéscribed by the equalization of
semiwave of sine [Yaglinskst al. 20086].

X+ aEX+2Ax=h), (5)

h=h,sinat npu 0<t<T,,
h=0 npu t=2T,, . (6)
h,=H,/m: A=n/(20n,)
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A, O0A,; 0<t<T,; <= yoap,
A=4A,,04,,; T,£t<T; h =0, < omboiu, ;. (7
A, O A, T, <t<T,; hy=0; < cocamue

Table 1. Parameters of power descriptions of OGD

Firm-manufacturer, Compression Retreat maxF_,
location of shock Mo [id, | Vi| man | mao | Ve | [ kN, K,
damper N-s/m|N-s/m| m/s| N-s/m| N-s/m| m/s| S ke

Koni, front| 2000 430| 0.1 2000 600| 0.3 7.6 0.90,0.18| 1.40
back 400| 400/ 0.1 2900 1700 0.2 3.8 2.16,0.43| 4.25

Kamaz, fron 400| 400/ 0.1 1300 500| 0.3 8.2 0.75,0.15| 1.25
back 2000| 500/ 0.1 3000 2000 0.2 3.2 2.41,0.48| 4.00

Monroe Gazmatic, fronf 2000 500 0.1 4600 660| 0.1 6.3 0.95,0.19| 1.32
back 1200/ 200/ 0.2 3500 1300 0.2 5.1 1.79,0.36| 6.50

Plaza, front 2000 500| 0.1 8000 3400 0.1 2.0 3.48,0.70| 6.80
back 1000/ 500/ 0.1 8000 3400 0.1 2.0 3.48,0.70| 6.80

VASES 2108,  front| 3000| 560| 0.1 8000 1450 0.1 3.8 1.86,0.37| 2.60
back 3000| 780/ 0.1 990¢ 1780 0.1 3.2 2.12,0.42| 2.28

Delfi, front| 2500, 300| 0.1 6000 1250 0.2 5.1 1.71,0.34| 4.17
back 1000| 300/ 0.1 6000 1360 0.1 4.5 1.83,0.37| 4.53

Monroe Original, front| 2500 500/ 0.1 9000 1000 0.2 5.1] 1.37,0.27| 2.00
back 1800/ 300/ 0.1 7500 900| 0.1 6.3 1.29,0.26| 3.00

Delfi Duocontrol, front| 2500/ 230 0.1 8000 1300 0.1 5.2 1.78,0.35| 4.33
back 2500| 230/ 0.1 8000 1300 0.1 5.2 1.78,0.35| 4.33

Sachs Touring,  front 2500, 500| 0.2 5000 1400 0.2 3.9 1.82,0.36| 2.80
back 2500/ 500/ 0.1 7000 1400 0.1 3.9 1.83,0.36| 2.80

Ilnasa “Sport,  front | 2500, 630| 0.1 7100 7100 0.4 1.5 5.05,1.01| 11.3
back 2500/ 640/ 0.1 7100 7100 0.4 1.5 5.06,1.01| 11.1

Note:V; andV- is scope speeds of piece-linear descriptions

In calculations for all of OGD it is accepted : mas the protected object, taken to

one OGDmy, = 500 kg, relative amplitude of shock fordg = 10 m/&, duration of shock
T,= 0.4 s. Angular shock frequency of process is keigua

w=nT, . (8)

Shock influences present the unstationary vibraibenomena, accompanied, with

transitional processes. On the basis of the acteptelel (5—7) the proper decision is got
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X+
X= e‘“(x0 coswt + X+ A%, sina)ltJ+
sine coswt + 9)
+Ae”|  Asine-wcose . + Asin(at - £),
+——————sinwt
@,
@ =\af-N, tge= 2/10;2 A= , (10)
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Using the method of docking, decision of equal@ai(9) and (10) is got in supposi-

tion that a blow affects the system being in aestditthe set motion, that is at zero initial
conditions

x(0)=0, x(0)=0. (11)

First two elements of decision (9) correspond & fand free accompanying vibra-
tions. The free vibrations of object correspondimdy to the first element of decision,
begin after expiration of time of blowW, (9). Scope terms at the end of shock are the
initial for free vibrations in the phase of retrebike, the limit conditions at the end of
phase of retreat((Tl)= X1, X(Tl)= 0 are initial for free vibrations on the phase ofnco
pression and etc It is necessary to notice thatimsition from the phase of retreat to the

phase of compression, coefficients of resistanbasge and have different values on the
piece-linear areas of power description of OGD.

RESULTSOFINVESTIGATIONS

For comparison of OGD constructions of differemins, design and calculation of
criteria of quality of SVS is executed with idefianass of object. On the example of
OGD model of firm Sachs Touring the damper diagraimdependence of force of resis-
tanceF. are made from moving ofstock (Fig. 1-3). The overhead part of diagramseeor
sponds to the phase of retreat, the lower part theghase of compression. The calcula-
tion values of parameters ofand of maxF, for model shock dampers are resulted in the

table.
On a Fig. 1 the damper diagram of OGD base mod@&ihofSachs Touring (Tab. 1) is
presented corresponding to the next values ofieried quality

k, =036, k =0.1% A,=25s"; A,=05s"; maxF, =1.82kN;
k, =280 k,=1.00 A,=50s" A,=14s?; 1=39s '
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Fig. 1. The damper diagram of base model of OGfrwf Sachs Touring:

OA is a phase of shockBC is a phase of retreafDE is a phase of compression,
EKP is a phase of retreaPMGOis motion to the stop

Managing the parameter & damper diagrams (Fig. 2) are built for OGD of firm
Sachs Tc;luring with the fixed values of the follogs sizesiy; = 2.5 §, Ay = 5.0 &,
}\.22 =145§
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Fig. 2. The damper diagram at a management thengéea ofk, OGD of firm Sachs Touring
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The trajectories of depicting points corresponthéonext values of criteria of quality

1—|k, =034k =09;k, =7; k, = 25| - {1, =02s";maxF, =1.7kN;r =45},
2— |k, =036,k =1k, =28k, =1] = {1, =055, maxF, =1.82kN;r =39},
3—k, =04k =12k, =14k, =05| - {A, =1.0s";maxF, =1.9kN;r =32 .

The different values of relative coefficients ofistance of\,, under the shock and

compression result in the fork of curves 1, 2, 3lmgrams at once at the beginning of the
shock.
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Fig. 3. The damper diagram at a management a ptakp®©GD of firm Sachs Touring

Managing a parametég, (varying value of coefficient,,) the damper diagrams of
OGD of firm Sachs Touring are built (Fig. 3) at thechanging values of parameterg:=
258" Mp=058" % =5.08, k,=1.0. The trajectories of depicting points cqooesd
to the next values of criteria of quality

4—lk, =048 k =13 k, =4 - {1, =20s"; maxF. =2.4kN;7 =308},
5 —[kf =036k =Lk, = 2.8] - {/\22 =14s"; maxF, =1.82kN;7 =39 s},
6 — [kf =027,k =08, k, = 2] = {/122 =10s"; maxF, =1.37kN;7 = 5.13} :

On the phase of shock curves 4, 5, 6 coincide bdfer beginning of retreat, and go
away further (Fig. 3). With diminishing of parameitgthe maximal value of reaction goes
down and fading time is simultaneously increased.

The construction of phase diagrams evidently detrees the process of renewal of
the system after a shock and enables to make iselaaft such parameters of SVS, at
which free after shock vibrations go out slowlyidgrone period.
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Fig. 4. Pareto-optimum great number of values ¢setkarea) for the criteria &f k.

The followings values of parametdts = 0.33,k,, = 0.5,k3 = 1.0 to the indexes 1, 2,
3 near the coefficients df, k (Fig. 4) correspond.

The Pareto-optimum great number of values of ¢aitef quality of OGD is limited to
the followings limits of values of parameteks:= 1.5+5.5;k, = 0.3+1.5, which have the
role of limitations during the constrained optintiaa with the developed algorithm. As a
result of the selective calculations made withdeeeloped method [Yaglinslgt al. 2006]
for OGD the optimum values of managing paramefa@yiding the minimum value of
goal ofy, functionare:k, = 2.5;k, = 0.61. The values of criteria correspond to tipzse
rametersk= 0.62;k, = 0.62

|/ B
0_5/ ///"’Q\\\\ ‘L
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Fig. 5. The damper diagram of OGD at presence & d$ses of working
liquid of base model of OGD of firm Sachs Touring
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It is possible that in the process of exploitattbe appearance of losses of liquid
changes character of damper diagrams and resuttengiderable growth of dynamic in-
fluences (Fig. 5).

Comparison of damper diagrams (Fig. 1, 5) for theebmodel of OGD of firm Sachs
Touring testifies that 10 % losses of working ldjuesults almost in the double increase of
reaction of the system on shock influence.

CONCLUSION

Calculations at shock influence on OGD with the okéhe developed model allow
substantially complement and specify the methodthefoptimum planning of modern
constructions of high-tense shock dampers of tamsnd technological machines, pro-
vide the increase of high-quality descriptions ®SSand operating reliability of OGD.
Unlike the known decisions, the substantial infling of losses of working liquid in the
process of normative exploitation on quality of S¥Shown .
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