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A NEW PROCEDURE OF ESTIMATION OF THE DEPENDENCE OF THE
OPTIMAL ISOLATING SYSTEM FOR A SITTING HUMAN OPERATOR BODY ON
THE FORM OF CRITERION OF VIBFIOISOLATION
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1. INTRODUCTION

The criterion choice is the fundamental problem in the synthesis of
optimum vibration isolation systems. In the case of application to
biomechanical models of the human-operator body the criterion should
contain the principal parameters of vibration causing discomfort and other
vibration syndromes. In this paper a general procedure of comparison of
different criteria of vibration isolation for a sitting human-operator body has
been presented. The procedure has been applied to a 2DOF
biomechanical human-body model. For such a model three different kinds
of criteria have been chosen and compared. For each criterion and two
kinds of random excitations the optimal vibration isolation systems have
been analytically synthesized as a result of the application of the Wiener-
Hopf filtration theory. The numerical results have been presented
graphically.

2. PROBLEM PRESENTATION

2.1. General assumptions.
Basing on the existing models of the sitting human-operator body [1], [3].
[5] the following assumptions have been assumed: 1)The human operator
body can be represented by amulti-DOF,Iinear, time invariant. lumped
parameter biomechanical model. 2) input random excitations are specified
by power spectral densities of the accelerations of the vibrating base and
are assumed to be stationary, normal and ergodic.
2.2. Analytlcal description of the general human-body model.
The general diagram of the human body model, HBM, and the unknown
vibration isolation system. ViS, are presented in Fig.1. H!) is the
interaction force between the human-body model and the vibration
isolation system. The corresponding transmissibility functions are given by
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   (1), where Hora)”. (s), H&,,.(:), 11mm”. (s), H“. (.r) are the transfer

functions for the variables x‘(t)—x°(!). i.(t),£,(r). x,(t)—x,(t), £10)

and £00). 49(5) - the physically realizable function describing the optimal

vibration isolation system, Whid’i may not have any poles in the right-hand

side of the shplane, L(s) - the transfer function between the F(s) and xi(s).

    

     

    

    
      

       

   

 

  

 

Fig.1

Iggy) -= («amom — m“
Hie) = Lump mom
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limo) — (Lno) — L.. (on: (s)G(s)x"
9.3:) - snow was)

i,

(1)

Ln(s)-lhe transfer function between x,(s) and x1{s), G(s)=s’ L"(s).

3. DETERMINATION OF OPTIMUM VIBRATION ISOLATION SYSTEM

3.1 General form of vibration Isolation criterion.

As a general form of criterion of optimal vibration isolation synthesis for a

One-Input-Multi-Output dynamical mullibody system. the following I

expression was assumed:
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J, -a:....(w)+2 M02,(W)+:x.ol,..,(Wi+2 mczlw) (2)
where: o' - mean square value of the relative displacementa-x.

x,(t)—x,(r), a;— mean square value of the acceleration mt), air..-

mean square value of the relative displacement x,(t)—x,(t),a:u- mean

square value of the 'jerk' ii',(t) of the mass 'i', and a set of Iagrangian

multipliers WeK.wk..u"1.,le,..x._..--x...,.Mir-u.wit. . for
i-l,...n,k- l,...n,lc-et. The mean square values air", a; air“, a;

can be calculated as follows:
.l-

a; a f |H, (of Si.‘ (3)11 (3)
-In

where according to formula (2) the index y signifies x,(t)-x,(z), 13.0),

x‘(t)—x,(l) or 2(1), respectively. S,.(s) is the power spectral density of

acceleration of excitation. which can be factorized as follows

5.. 6):" -= Saw (5)4: (-s)‘ (4)

3.2 Determination of the optimum vibration Isolation system.
To obtain the optimum vibration isolation system the Wiener-Hopf theory
[2). [4] has been applied. By inserting expressions (1) and (3) into (2) one
obtains

J—% J‘{ Ilp(x)G(s)— 1|’ +2 L‘s‘|L“(.\-)qu(s)G(s)lfl +

i x.|(L..(s)— L..(s)»(s)G(s)|’ u.s‘lL.,<m(s)G(s)|‘ }s*sl,(s)¢v
I II I-

The function q2(s) in eqst(1) and (5) is unknown Using variational

calculus, Ip(.\‘) can be calculated in such a way that criterion (5) takes on

the minimum value. The resulting function can be written as follows

I [w (s) (a)

(5)

 

W)“R(:)G(s)~l(s) Ros) .
where symbol [ 1 is the component of the intamal function, which has its

poles and zeros on the left hail-plane of the complex variable a. and

Re) =[ 1+ imam—s) — uls‘L.(s)L.(—x)+
. (7)

+ 2 XII (Ln (5) ‘ Ln (3)04" (“5) ' lax—5)) 1.
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4.GENERAL PROCEDURE OF COMPARING THE CRITERIA

Let‘s select a subset of masses mum, ,m, where l,r,:En .The following

subset of Lagrangian multipliers can be written for that subset of masses

M€MJ~,.7~..XI,.X.,.x.,.m.u,.u,
In this case criterion (4) takes the following form

J.- -a: -..(M) +A.a:,(M)+A,u:.(M)+x.a:,(M)+ +x,,a;..,(M) (a)
+x..a:,_.,(M) + x,.u:,.,. (M) + mourn) + moi, (M) + u.o:,(M)
To compare this particular criterion with the general criterion JG the

following accompanying criterion expression needs to be introduced

JG" - a: _,°(M) + Mu}! (M) + k,o}'(M) + 1.0:. (M) + +xua;_,’ (M) +

+x:;ai,_., (M) + x...02',l..,(M) + up; (M) + flaw) + 11.6}, (M) r (9)

+ MOLWH Mal—“(MM Pr°:u(M)
I-l - u IJr-r- .Iu r-r - n

The relationship Jm IJG allows the comparison of these two criteria.

     

        
      

      

   
    

 

5. APPLICATION TO A 2DOF HUMAN BODY MODEL

  

  

      

  

  
  
  
  

      
  
     

  

  

6.1 Model description.
To illustrate the general procedure, the 2DOF model of the sitting human -
operator body [5] given in fig.2, is considered. This model can be
represented by the function

0(3) - sZ"(.r) = (mg1 +r1‘.s'+c|)/[rrrm|.v2 +(nr+ru|)(or,.r+cl)] (10)

5.2 Excitations.
Two kinds of random acceleration excitations with the power spectral
densities given in table 1, were considered.
5.3 ZDOF HBM - comparison of Impedance and trensmltance criteria.
The Impedance criterion.

J.=°i....(7~i)+’~.°i,0~.) (11)
The transmltance criterion.

I

J. =o;...(x..x.,x...) + ; 7-.°2,(}~..M,xr.z)+x.,201,..,(>~1.h,x.,1) (12)

The accompanying criterion of comparison.
1

Jr: “01,-2.0‘1) T; Ara}, (II) + lucid. (Ar) (13)

5.4 ZDOF HBM - comparison of Impedance and jerk criteria.
The jerk criterion.

J: “ 03,-:., (A1: I12)“ A103, (L12 “2) T “10;, 0':- M1) (14)

The accompanying criterion of comparison.

Jr) '°:,-..(7~i)+’~a°3,0-r)+NORM) (15)

Proceedings oi Intemoise 96

 



 

Kslazek

 

Table 1

- FORMOFam up. (s)
Powerspemlldmsltyofvdlils Powrpectrlldemityofnmw—bud

Manuela-mien
1 I

S.,(s)-;—° ms) -fl
_ (M..s+N..)Z(s) Ms) _ (M.s’ +N,s’ + P.s+ a.)2(s)

(Als' +B,s+c.)s (Als' +B.s+C.)s(Q +s)

_ (Mus + N,.)N(s) (s) (M,s’ + N‘s' + P,s + Q,)N(s)

Dds) W D.(s)(n + 5)

«2(5)

Ms)

(Mars +N)|)~(s) v“) _ (M35! * N35, * P38 * Q: )~(s)

D.($) D,(s)(fl +8)
where: N(s) - my“ +(a.s+c.)(rn+m.). D,(.r) - A,.r‘ +B,.s’ +C,.r+D,. for
k=1.2. The constants in the table must be calculated as described in [4].
5.5 Numerlcal results.
The data concerning the HBM taken from [6] and the parameters of the

power spectral density excitation were assumed as follows: 52 - 27.17[s"]

a - 0.1[s"] . m. - 27.5[kg].m - 29.5[kg].c. - 22955.4[kgs"]. a. - 353.1qus"1
In Fig.3 the relations Ju IJ, and J“ IJ, have been presented for white

noise and nan'ow band noise acceleration excitations. These relations
were preeentedfis a function of Lagrangian multipliers AHA“): . given by

the expressions 1.4- Amp“ I (l— p.,).>tz - Amp. [(1- p,).)( - 10p, [(1 — 9,).

where}... - A” - x, -1 andpfl.p,.pI E(0,l).

«1(5) -

 

6.CONCLUSIONS

From the numerical results presented in figure 3 it can be seen. that if the
criterion structure is more complex the vibration isolation is better.
However, the differences between the criteria depend on the values of

Lagrangian multipliers po,pl,p, . For some sets of the multipliers these

differences are very small or even negligible. If the differences are
negligible the application of the simpler criterion is preferable. in general.
the simpler the criterion, the simpler is the structure of vibration isolation
system. Thisfact is directly connected with the costs of construction of
such asystem.
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