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1. Interactionbetweenafree flovand ahard plate

The interaction between floass andplates is investigated indetai l at the previous stage of
thepresentproject [12] . Resultshavebeenadotained for differentconfigurationsof theplates
atdifferentvaluesof the feeding pressure (Fig- 1).-

Dependingon thegearetry of the plateedge, deviationor attractionof the flovcan
be obtained. Insome configurations the deviation isat firstdiscrete, followed by
proportional , that suggestsmore specificways of theuseof thisprofile inflovdevices.

Inorder to dotainpractical ly usable deviationsof the flow, very smal l movements of
the plate are necessary (20—80 um) and very smal I forces (about 0.1 Nmaximum) . These
lavvaluesal lovthereal izationofhigh coefficientsof anpl ificationat seconddegree, fed
by highpressure. The input cortrol signal , moving the plate, canbepneumatic, hydraulic,
electric, regetostriction.

2. Aol rfier principal diagram

Trediagranof thearplifier, using theeffect abovedescribed, Isshomn inFig- 2. The input
signal, inthiscasethepressure, , actsonthenmerbrane, tonards thecentreofwhichaplate
has been attached, shifted atadistance z. The flow, comingout fronanozzlewitha
diameter dwithpressure p,, isdeviatedatanangle 3. The flowenters one of the two
aocceptingnozzlesof theplunger, the left, forexarple.

Intherightsideoftheplunger thepressure is increasedand itnoves to the left, whille
thedeviated flovstays inthe middlebetween the two inlets.

3.Satacdaracteristacs

Trerelations, whichgive anexpression for the staticcharacteristics =f(p,) , acoording
toFig. 2, areasfollons:

56



el
54

)

qy

o

y=0mm

o =106 KN'w?

° p=49(1 KN 2

x p=980,6 kN.m?

o =0,492mm
{=5,23mm

T

Fig-1

-0

o xpem

57



E

58

Ap

Pl e e e e S D aor rbebrhe e e P
R I o e S T - - - o —

C i o A S S T S S S o o . o S
= | [ 4 4u—

‘-‘-".—-—‘—' e TR T

=Y o f

7 2
Fig. 2

z p Ar
W, (s) W, (s) —=

Wy (x)

W, (s)

Fig. :

A
il




) Q=FC9,

) x=f(P,-p).,
€] Ap=p,-p,=F(B),
& B=T(),

© z=f(Q).-

The FlowQ through the distributor depends onthe speed of the fluid v and thepassing
preﬁsurefpwiih respect to theexpression Q=vfp -

At f=xI
p p 2Ap
V= _—,
ép

andfortheflow it isobtained:
® Q=1\/—-.

wreref isthepassingsection inthedistributor, | -ciraumferenceofthe passingsection,
Ap-pressurefall inthedistributor, - ocoefficientoftre local resistance.
The passing of the plunger isexpressedas:

o xXc,, =AnF,
t3)) x= —————-2F.

The dependence between the difference of the pressure Apon both sidesof the plunger
andthe deviationangle of the flovisgivenby theexpression [ 3]

2, x B

o Ap=p,~—p= — X BVrP—(x )’ +r’arcsin —-—

nr r

where r isthe radius of the feeding nozzle; f—deviationangle of the Flow, rad;
x =10r-initial sectoroftre flowv [1].

Inenteringzoftheplate inthe flow, the last isdeviatedby
() p=K,z .

'I'heooeffficierrtKB depends on the configuration of the plate and the value of the
feedingpressure p. and isexperimental ly defined (Fig. 1) -

The displacement z of the plate is done transforming the input control signal (the
pressurep,) intoashiftof thehard center of athin-wal ledmetal licmenbrane. Itisknomn
that the deflectionof the center of a planemenbrane withahard center is

(@y) z=A ————— =K P,
whereR is themembrane radius, E-elasticity module, h —membrane thickness,
A- coefficientdetermnined by the expression
3
A=——— (1-p?)(c*-1-4c?1 c).
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Here . isthe Poison coefficient formenbrane material ; c=R/r; r —the radius of the
membrane hard center.

The fol loving expression for static characteristics is obtained fromequations
©-0D.-

2k 1 2Ap — x K K P,
@ Q=——- "o \[ = | XK, K, p NP - (XK K, p,)+rarcsin-——————=- ,
nrlc Ep r

p R*
where KB:—;— » K =A __E_h_i .
The eguation (12) leadstothe limiting condition
r’-(xK,K, )*p,z0.
4_Dyramiccharacteristics
'Ih_ediagranfronFig- 2 can be represented as one composed of Five unirts and one feedback
(Flg-gl)r;mefirstunitﬂﬂe input control signal, the pressure p, is transformed intoa

displacement z of the plate according toequation 10. Theunit isof proportional natureand
itstransferfuction, atrull inftial coditio s, is:

(€%)) W(s)=———- =K .

The logarithmic ampl itude frequency characteristics (LAFC) and the logaritimic
Tfrequency draracteristics (LFC) are respectively:

@ L(w)= LA )
z(®
» v, (s) =0.

The second unit expresses the process of deviation of the flovunder anangle 3 as
aresultof theplateentering itatadistancez [13] .

Treuwnit is proportional, acoording toequatiion (10) and isfrequency characteristics
areasfollons:

@6) W(s)= —ESS—)— =K, ,
z®

an L,(w)=20 IgK,

@ v,(w) =0.

Thethirdunittransforms theangle of flovdeviation into thedifference of the pressure
onthetwosidesof thedistributorplunger, Ap = p, —p, -

This transformationhas been expressed by equation (9) -

Tre lastorecanbesinplifiedasthe first termofthe right sice isdeveloped inaponer
seriesand the temsof lowvorder arenegllected. It isassumed for the second term, due to
the small deviationangles (B=0:6) that

_ o xB o oxB
arcsin r—
r-O r-O
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Then

ax,
()] Ap=-——pp=K,}.
P,
The frequencycharacteristicsareas follons:
(Z:]) WS( S): _é‘_)gi) R
HE)
@ L(@)=20log K,
@@ vy (@) =0.

Thedistributor plunger isshiftedatadistance X, according toequation (7), under
theactionof thedifference inthepressure Ap.

Asalready known, asimi lar unit isof oscil lating nature inthe general case and
resectively:

xS G
@ W(s)= = ,
Ap(s) Ts*+Ts+l
@) L(w)=20 1g G- 20 Ig V(1- o*T?) + w’T 2,
© 1
@ v (@)= arctg——- :
1-T,w
where
h m F
T]_: ; T2: - b = b
Cspr CS)I’ CSpI’
mis the plunger mass, cspr—spring constant, F —cross section of the plunger,
nS

h=———, n —dynamicvisocosity, S—plunger surface, 5 —distributor clearance.
)
Thetwo last unitsare enclosed into anegative feedback (Fig- 3),

X
@ tor=———.
Dueto thesmal I valuesof theangle, it canbeaccepted that
X
Y ——.
L
and then ® 1
s
@ W= =
x(s) L
The cammon transfer function of the two units connected by a feedback is:
W (s) W, (s
(€:) W ()= DU
1+ W(SHW,(SHW(s)

Franthe expressionabove given It isdotained that:
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x(s) K.,
@ W, (s —-= ——22—— ,
B(s) T,s*+T, s+1

where
L
1+ LK,
T,.=T/a,T_=T/a,a=K_ /2+1,
and then
@ L, (@)=20 IgK, ,— 20 IgV (1 -o°T, )*+w°T,,
@ a
@D v, (@)=—arcty —— .
- T,
For outputsignal theshift xand inputsignal thepressurep, , itfollons:

x(s)

(@ WX(S): = W]_(S) Wz(s) W3,4(s) .
O]
(€5)) W(s) ,
T,s°+T, s+1
K KK.G
B= P
a
K.G
a=———— +1,
L
@ L (w)=20 IgB— 20 IgV (1 —w?T, )2+ w212 _,
@,
@ v (w)=—arctg—* :
1 —®T

The lastunit comnects the output FlowQand the plunger displacemernt (equattion (6) -
Thefollovingepressionsarevalidfor it:

(€9) Ws(s): _ggs_)___ = |p _Z_A_E_ =K -
x(s) ép
@N L(w)=20 IgK,,
(€9)) y(®)=0.
The common transfer function is:
As) BK
(€)) W(s)= ———- =W(SHW(SHW, (S)= ——————- I
R.® ' T,s?2+T,s+1
@ Loz (o) L(m) L, () =201gG+20 Ig\(I-o'T,) + o'T, 2,
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@ w(w=—arcty———.
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HHGBMOI‘M,HpaBJTMT:IeCKMI\/JI YCImMTeJIb C MeXaHMYeCKVMM
OTKJIOHEHMEM CTPYMN

Jopnau /. Bessos

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PesoMme)

VlccriemoBaHa cxeMa IIPOIIOPLMOHAJIBHOT'O [THEBMOT'MOPABJIIMYECKOI'O YCUWUIINTETIA,
1PV KOTOPOM BXOIHOM [MHEBMaTUUECKU CUTHAJ npeo@pasyeTCH B [IepeMelie H1M
IIJIaCTVMHKM C OCTPEM KPOMKOM . TlocrienHASa OTKJIOHAET MaCJIEHHYIO CTPYIO BXOIOALYIO
B IIJIYHXEP I'MIOPaBJIMUESCKOTI'O paclipeieJyimTesida C O@paTHOTZ CBSIBEM 110 TIepeMenieHI .
BelBe e HEL YPaBHEHNMA OJIA CTATUHECKMX UM IMHAM/NYECKMX XaPaKTEPVCTUK .
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