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The physical  pr inciples  governing the v ibra t ion-ext rus ion  discharge  of d i sperse  sys tems  are 
discussed.  The c r i te r ion  for optimizing this  p roce s s  is  obtained and methods for achieving 
it a re  indicated. 

It i s  shown in [1-4] that for cer ta in  vibrational modes of a working device (container,  trough, etc.) a 
f ree-f lowing viscous mater ia l  is  separated from the bottom of the vibrat ing device with subsequent separate  
motions of the mater ia l  and container.  

In the presen t  paper  we examine the v ibra t ion-ext rus ion discharge  f rom a container of d i sperse  sys -  
t ems  with viscous fr ict ion for  the possibi l i ty of an effective technological  use of this process .  

It is  known that when a vibrating container  and a Viscous mater ia l  move separate ly  there  is a viscous 
interact ion between them and a dissipation of energy of the mater ia l  during i ts  separat ion and interact ion 
with the surrounding medium. Separate motion ends with an impact  which in the f i rs t  approximation can be 
considered as instantaneous and completely inelastic.  

As a consequence of the l a rge  dissipation of energy in the mater ia l ,  wave p r o c e s s e s  initiated in it after 
impact  are rapidly damped out. 

It should also be noted that a shock wave is propagated ra the r  rapidly in the vibrating viscous mater ia l ,  
since the effect is t ransmi t ted  at the speed of sound and the thickness of the l ayer  of mater ia l  is  relat ively 
small ,  and there fore  we can assume that the total mass  of mater ia l  s imultaneously makes  an inelast ic  coll i-  
sion with the bottom of the container  ( Fig. 1). 

After  separat ion of the mater ia l  an air  cushion is formed between it and the bottom of the container. 
Because  of the hole in the bottom of the container this cushion does not exert  an appreciable elast ic r e s i s -  
tance during the t ime preceding  the impact.  

Material  is  d ischarged through the hole in the Vibrating container. 

If the accelera t ion of the vibrating sys tem is  g rea te r  than the accelerat ion due to gravity,  there  is  an 
instantaneous dec rease  in the vibrating m a s s  which is equal to the mass  m0 of the mater ia l  which has  
"taken off" and an instantaneous increase  in the m a s s  of the "pulled down ~ mate r ia l  by the same amount when 
they collide. 

The equation descr ibing the vibrations of the sys tem can be wri t ten in the form 

m ~  + [~x § Cx = tnjg § F (t), (1) 

where ml = m + gmo becomes  a step function of the law of motion sought, g is the accelerat ion due to gravity,  
and a equals 1 for  common motion and 0 for the separa te  motions of the container and mater ia l .  

Equation (1) is nonlinear even without taking account of the effect of the impact,  and ml becomes  dis-  
continuous during accelerat ion,  having a f i r s t - o r d e r  discontinuity when the separat ion and recombinat ion of 
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Fig. 1. Schemat ic  d i ag ram of v ib ra t ion -  
ex t rus ion  d i scharge  of d i spe r s e  sys t ems .  
1) Container;  2) f ree - f lowing  o r  v i scous  
m a t e r i a l ;  3) hole; 4) e las t ic  couplings 
( sp r ings  o r  r u b b e r  b u m p e r s ) .  

m a s s  of  the v ibra t ing  'ma te r ia l  a re  idea l ized  as ins tantaneous  p r o c e s s e s ,  s ince a is  a function of the r e -  
qui red  solution and i t s  second der iva t ive .  

The  ins tantaneous  impac t  ideal iza t ion also leads  to a nonl inear  effect  of  the del ta  function type with the 
s t rength  and ins tant  of the action de t e rmined  by  the  v ibra t ion  r e g i m e  sought. 

Assuming  that  the  in te rac t ion  is  weak,  the mot ion of the container  can be cons idered  sinusoidal  in the 
f i r s t  approximat ion ,  and the  asympto t ic  method [5] can be  used. 

To obtain the  equations of mot ion we use  exp res s ions  fo r  the kinet ic  ene rgy  T, the potent ia l  energy  V, 
and the d i ss ipa t ive  function 4, which take  account of  the poss ib i l i ty  of the separa t ion  of material." 

I "~ , "2 , "2 " 
= - -  [rex -r  amoX ~ ,nox o (1 - -  ~)1, I 

2 . (2) l V = ~ Cx ~ -  [mq(x)  + ~ r m o q ( x ) - t - m o q ( x o ) ( l - - a ) ] ,  
2 .... 

2 
The  instant  of  separa t ion  to of  m a t e r i a l  f rom the conta iner  i s  de te rmined  f rom the condition 

j~ (/o) = dqIx(to)] (4) 
dx  

af te r  which the  m a s s e s  m and m0 move  sepa ra t e ly  until they collide, s t a r t ing  at the t i m e  tl when 

x = xo (tz). (5 )  

The pos i t ion  x(t0) and veloci ty  k(t0) of the  to ta l  m a s s  at the instant  of  separa t ion  a re  the init ial  condi-  
t ions for  the  mot ion of the m a s s  m0. 

At the  ins tant  of  impac t  the ve loc i ty  of  the conta iner  changes abruptly,  as given by 
-. 

x(/x -{- O) = rnx (t~. - -  O) + rn o ~c o (ix --O) (6) 
tnx .4- m o 

The  ini t ial  conditions for  the common mot ion  s tage a re  x(tl)  and k(tl * 0), where  k(tl + 0) is  the 
veloci ty  of the m a t e r i a l  a f t e r  impact .  

Af ter  impac t  and until the common mot ion  cea se s  t he r e  will  be  a v ib ra t ion -ex t rus ion  d i scharge  of f r e e -  
flowing o r  v i scous  m a t e r i a l  f rom a constant  height h through the hole in the bot tom of the conta iner  with the 
veloci ty  

i f  the  flow i s  l amina r ,  i .e . ,  i f  Re < Recr .  

Fo r  turbulent  flow when Re > Recr  the  v ib ra t i on -ex t ru s ion  d i scharge  veloci ty  of  the  m a t e r i a l  will be  

or~1=  ~ (Re) dx ' 

where  the function ~0(Re) is  found exper imenta l ly .  

Opt imiza t ion  seeks  to i n c r e a s e  the absolute veloci ty  of  the v ib ra t ion -ex t rus ion  d i scharge  of m a t e r i a l  
which, taking account of  the technologica l  f ea tu re s  of  the p r o c e s s ,  can en te r  a s ta t ionary  o r  moving volume 
such as a f o r m  for  the  v ibra t iona l  compact ion  of a concre te  mix ture .  

(8) 
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In the case  under  considera t ion,  achieving the r equ i red  degree  of compact ion,  i .e . ,  the n e c e s s a r y  density 
of  the m a t e r i a l ,  depends on the  absolute  ve loc i ty  of  d i scharge  of the concre te  mix ture .  

The  absolute  d i scha rge  veloci ty  of the m a t e r i a l  i s  given by 

v=xw-Vre  1 x +  2h dq(x) x (9) 
dx 

whe re  k is  the  ve loc i ty  of  the v ib ra t ions  of the container .  

In addition to the excit ing force  F( t )  of the v ib ra to r ,  the conta iner  i s  also subjected to the reac t ion  R 
of the d i scharg ing  s t r e a m  of m a t e r i a l  given by the expres s ion  

Rdt = Vreldm , 

where  dm is  an e lement  of  m a s s .  Hence, 

R = 2Sph [ 
dq (x) ] ~ m 

X j tea, 
! dx (10) 

whe re  k i s  the cont rac t ion  coefficient  of the effluent s t r eam.  

Introducing the m a s s  ~ ,  which t akes  account of the reac t ion  of the s t r e a m ,  in the fo rm 

m = 2Skph, (ii) 

we obtain the equations of mot ion of the container  and m a t e r i a l :  

�9 [m + ~m o - -  m)e l  x + ~ x + 8o (1 - -  ~) ('x - -  "xo) + Cx "~ F (t) + [m + (m o - -  m) o] g~; ( i 2 )  

[too xo + ~x xo - -  8o (:~ - -  :co) - -  mog~] (1 - -  a) = 0, ( i 3 )  

where 

dq (x) 
gi -= d - ~  (in the gravitational field gl = g). 

For  common  mot ion o- = 1 and Eq. (13) b e c o m e s  an identity,  

x (t) ~ xo (0.  

We choose the pe r iod  T of the  exci t ing fo rce  F( t )  as the t i m e  s tandard  and take gl as the s tandard  of 
accelera t ion .  Then  the veloci ty  s tandard  will  be  glT and the length s tandard,  g 1T 2. 

T r a n s f o r m a t i o n  to d imens ion less  v a r i a b l e s  gives 
t x xo 

' r = - - ,  y = - - - - ,  y 0 =  (14}  
T g lT  g lT  ~ 

In t e r m s  of the new va r i ab le s ,  Eqs. (12) and (13) b e c o m e  

[I + (~--  g,,)~]y~ +my '  +,xo( v' - -  fro) (1 - -~ )  +o~y  = f(# + 1 + (~--  ~,,)~; (15) 

(1 --(1)t~Yo-- % (Y' -- Yo) + a~Yo-- ~1 = 0, (16) 

where 

m o m ~T 
g=---M-' ~ = - ~ '  ~=' - -d- '  

CT ~ (17) ~ o r  ~IT co 2 = _ _  
( g 0  = - -  , 1~1 = - -  

m / 7 l  m 

We de t e rmine  the instant  of  separa t ion  ~'0 f rom the exp re s s ion  

: y" (%) = 1 (18) 

in the s ame  way as the ins tant  of impac t ,  71 is  de te rmined  f rom the equation 

Y (x~) = Yo ('q), (19) 

as i t s  n e a r e s t  root to the r ight  of  1"0. 

The  ini t ia l  ve loc i ty  of  the  common mot ion of the container  and m a t e r i a l  i s  

v' ('h + o) ~ v' ( '~--  o) + b ;  ( ~ - -  o) 1 + ~ (20)  
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x * 0  / +" I \ %+# / _'r 

then 

Fig. 2. Graph of  the per iod ic  solution of  Eqs. 
(15) and (16) ob ta inedby  computer .  

If the v ibra t ions  a re  exci ted by a harmonic  force  

F (t) = F 0 sin~t and T 2___~, 
- q # .  

(21) 

f (~) = h sin 2~x, (22) 

where  

h = F0 (2~) 
rngi 

In th is  formulat ion of  the p rob lem the goal of the opt imizat ion is to i n c r ea se  the maximum discharge  
veloci ty  for  the function 

J i x) ----- V' (*)+  u0 vrl - -  ~ (*) (24) 

on the in te rva l  71 < T < ~0 + 1, where  

V 2h u o = g i T  ~ (25) 

If r e s t r i c t i ons  a re  imposed  on the magnitude of the impact  impulse,  the inequali ty 

ly' (~1 - -  O) --y~ (~i - -  0)1 < Jo. (26) 
1 + ~  

must  be satisfied,  where  the d imensionless  quantity J0 is  r e la ted  to the p e rm i s s ib l e  value of the impact  im-  
pulse  J by the re la t ion  

j.  = a__L__ (27) 
m g i T  

Another r e s t r i c t i on  may  be the guarantee  of a given output 
"~.ol 

! V i  - v" (~) dr > J~, 
T i  

where  J1 c ha r a c t e r i z e s  the amount of  ma te r i a l  d i scharged  during a pe r iod  of steady vibrat ions.  

It i s  c l ea r  that the calculat ion of 

Vm~x---- max, max ~/(t), 

~, ~ ,  re, Uo, "rE('q, % +  1) (28) 

when (26) i s  sa t isf ied is  p e r f o r m e d  for  steady vibrat ional  r eg imes ,  i .e . ,  when 

g(% + 1) = g(%), yo(~z + 1) = go (~), 
(29) 

y' (% + 1) : y' (%), yo(Xx + 1 - -  O) : Y 'o (%--  0). 

Figure  2 shows a graph of  the per iod ic  solution of Eqs. (15) and (16) found numer ica l ly  by computer.  

F igure  2 shows that the impact  impulse  d e c r e a s e s  with decreas ing  re la t ive  veloci ty  of the container  and 
ma te r i a l  at collision; i .e . ,  i f  the  coll is ion occu r s  be fore  the maximum of y(;O,  the veloci t ies  yW(~) and y~(T) 
a re  near ly  the same. 

The  pe r iod ic  Solution of Eqs, (15) and (16) can be obtained by the method of matching, but the analytic 
solution is  complicated,  involving a s e r i e s  of  t ranscendenta l  equations,  and r equ i r e s  finding the roots  of a 
cubic equation; t he re fo re ,  it i s  expedient to use  an ana log-d ig i t a l  complex to invest igate  the separa te  mo-  
t ions.  This  enables one to study different  var ian t s ,  to separa te  out the admissible  ones,  and to select  the  one 
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closest to optimum. The initial conditions for the first  stage are best chosen by finding an approximate solu- 
tion by the asymptotic method [5], varying the parameters  of the vibrating system (the stiffness of the 
elastic couplings and the amplitude of the exciting force) and the area of the hole, the depth of the layer of 
material ,  and the ratio of the masses  of the material  and the container. 

It is convenient to use the method of gradient search to choose the initial parameters  of the experi- 
menta l -commerc ia l  sample of the vibration extruder to obtain the optimum variant. 

It is also possible to choose the optimum exciting function F( t )  without presupposing that it is sinu- 
soidal, but only periodic. 

Thus, the problem can be formulated as a problem of parametric  optimization, and more generally as 
a problem of optimum control. The optimization criterion chosen in (24) corresponds to the use of a vibra- 
tion extruder for disperse systems such as concrete mixtures, where the useful effect is the pressure head of 
the  emerging portion of the concrete mixture. This is helpful in filling a form for a concrete product [6]. 

A sample of a vibration extruder was tested on the Khar'kov DSK-1. 

The experiments showed that the vibration-extrusion discharge of low-slump concrete mixtures can be 
used to increase the assembly-line production of reinforced-concrete products. 

N O T A T I O N  

m0, mass of material;  m, mass of container; C, stiffness of elastic couplings; F ( t ) ,  exciting force; 
T, kinetic energy; V, potential energy; ~, dissipative function; q(x) potential of field; fi, fi0, Bt, equivalent 
coefficients of viscous resistance to the motion of container, material relative to container, and material 
relative to medium, respectively; x, x0, absolute displacements of container and material;  to, instant of 
separation of material  from container; ti, i~stant of collision of material  with container; h, depth of material 
in container; Re, Reynolds number; v, absolute velocity of discharge of material;  Vrel, relative velocity of 
discharge of material;  k, velocity of vibrating container; R, reaction to effluent stream of material;  p, den- 
sity of material;  S, area of hole; ~ ,  mass of material;  k, contraction coefficient of stream; ~-, y' ,  Y0, 
dimensionless time, velocity, and displacement; T, period of vibrations; v, circular frequency; dot over a 
quantity denotes its time derivative. 
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