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ANALYTICAL STUDY OF THE IMPROVED MATHEMATICAL MODEL
OF THE VIBRATION DRIVE FOR SOLID HOUSEHOLD WASTE
ADDITIONAL COMPACTION IN THE DUST CART

On the base of the analysis, carried out, of the numerical studies of the complete. improved mathematical
model of the vibrational compaction of the solid waste in the dust cart , using the pressure pulse generator
of the relay differential action and taking into account the density and relative humidity of the dehydrated
and pre- compacted solid waste the simplified improved mathematical model was suggested . In the process
of comparison of the results, obtained using the complete and simplified improved mathematical models of
the vibrational additional compaction of the solid household waste in the dust cart , in particular, the
degree of their compaction, the error was 4.35%, this value is acceptable for the realization of the previous
design calculations of the basic parameters of the drive. For the analytical study of the simplified
mathematical model the working cycle of the improved vibrational drive for the additional compaction of
the solid household waste in the dust cart is presented by six basic phases, each of them is described by the
corresponding system of the differential equations with the initial and boundary conditions. For the
analytical study of the simplified, improved mathematical model of the vibrational drive for the additional
compaction of the solid household waste in the dust cart such methods are used: solution of the system of
ordinary linear differential equations, applying the Laplace transformation, linearization of the non-
linearities, decomposition of the expression into the common fractions, solution of the incomplete cubic
equation, applying Cardano formulas, computer simulation. Analytical study of the simplified mathematical
model of the vibrational drive for the additional compaction of the solid household waste in the dust cart
enabled to obtain the analytical interdependences of its basic parameters and dependences of the frequency
and amplitude on the basic parameters of the given drive with the error not exceeding 5.34%, they can be
used for the realization of the preliminary design calculations of its parameters as one of the components
for the solution of the problem, dealing with the development of the scientific-engineering fundamentals of
the design of the efficient tools of the machines for the collection and primary processing of the solid
household waste.
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Introduction

Every year, approximately 53 million tons of the solid household waste (SHW) are generated in
Ukraine, threatening the health of the population and environment [1]. According to the preliminary
calculation, more than 45 thousand tons of fuel per year are needed for the transportation by the dust
cart to the sites of treatment at minimal distance of 30 km, this distance corresponds to the size of
the sanitary protection zone. Wear of the dust carts pool of the municipal enterprises of Ukraine is
approximately 70 % [2].

Problem set up

According to the Decree of the Cabinet of Ministers of Ukraine Ne 265 [3] one of the priority
directions of the waste management in Ukraine is the application of modern efficient dust carts, that
is why the analytical study of the improved mathematical model of the vibration drive for the solid
waste compaction in the dust cart for the obtaining of the interrelations of its basic parameters is
important scientific-engineering problem as one of the components for the solution of the problem,
aimed at creation of scientific-engineering fundamentals for the design of the efficient tools of the
machines for collection and primary treatment of the solid municipal waste.

Analysis of the recent research and publications

The paper [4], contains the analytical study of the simplified mathematical model of the overturning
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drive of the waste container in the dust cart. Research [5] contains the analytical study of the
mathematical model of the group hydraulic drive with serial connection of the hydraulic motors of the
attachable sweeping equipment. In the paper [6] mathematical model of the vibration drive for SHW
compaction is studied analytically, the given model does not take into account the relative humidity of
the waste and characteristic features of the pressure pulse generator of the relay differential action,
protected by the patents of Ukraine, the latest patent is 92720 U [7]. In [8], the mathematical model of
the valve-pulsator operation for the hydraulic drives of the vibration mining machines is studied
analytically. In the research [9] the improved mathematical model of the vibration drive for the
compaction of SHW in the dust cart is suggested, its numerical study is carried out.

Aim and tasks of the research

The aim of this research is the analytical study of the improved mathematical model of the
vibration drive for SHW compaction in the dust cart for the obtaining the interdependences of its
basic parameters and dependences of the frequency and the amplitude on the basic parameters of the
given drive.

Methods and materials

For the analytical study of the simplified improved mathematical model of the vibration drive for
SHW compaction such methods are used: solution of the system of linear differential equations by
means of Laplace transform, linearization of nonlinearities, decomposition of the expression into
simpler fractions, solution on the incomplete cubic equation by Cardano formula, computer
modeling.

Results of the analytical study

Analysis of the studies, carried out, of the complete improved mathematical model of the
vibration compaction of SHW [9] showed that p; =~ p, = p12, and the impact of the pressure in the
drain pipelines, viscous friction forces, permanent component of dry friction forces and the weight
of pressure pulse generator of the relay differential action gate on the operation of the vibrational
drive is of negligible importance. That is why, the simplified improved model of the vibrational
drive for SHW compaction, using pressure pulse generator of relay differential action (PPGRDA)
has the form:

(. , . .
Qu = XSy +0py, + KW, Py, + yz[d; _1(h/-mc - y)dlz]/4+l(y —h,)umdy(y-h,),2 plz/ppp +

+1(y)ﬂﬂd121\/2 plz/ppp /4"'1()/ - hg),uﬂdj\,Z plZ/ppp /4; (1)

PioSyn =MpX + (Cle6,094Q~t/(xmax T Co)sm; )
(Porfly)(d —df) + 107 - 1h,.. - y)dTHA=m g + oy +¥e). @)
where C, = (1,356 —1,162 -10%e 2™~ 1267 .10 *e"**™).10°;

¢, = (0,04669 —5,198-10" e >7*).10°% p; — density of the precompressed and dehydrated SHW,

kg/m?; w; — relative humidity of the precompressed and dehydrated SHW, % [10]; Wi> = Wy +W,.
The comparison of the results, obtained after application of the complete and simplified
improved mathematical models of the vibrational compaction of SHW, using pressure pulse
generator of relay differential action (PPGRDA), is shown in Fig. 1.
During the comparison of the results, in particular, the degree of SHW compaction, obtained
using complete and simplified improved mathematical models of the vibrational hydraulic drive for
SHW compaction, using PPGRDA, the error was 4.35%, it is acceptable for the realization of the
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preliminary design calculations.

Analysis of the graph, shown in Fig. 1c, gives reason to believe, that the time of closing the gate
of the pressure pulse generator of relay differential action (PPGRDA) approximately equals the time
of opening . That is why, operation cycle of the improved vibration drive for SHW compaction
consists of six basic phases:

1. Phase of the pressure increase of the working fluid (WF) in the pressure line of the hydraulic
cylinder and in cavities, connected with it to the pressure p, =(c, +¢,)S,,/S,,, at which

compaction plate starts motion, can be described by the equation

Oy =op;, +KVK2P12, (4)
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Fig. 1. Comparison of the results, obtained using complete (——) and simplified (----) improved mathematical model of
the vibrational compaction of SHW: a) pressure change in the pressure cavity of the hydraulic cylinder pressing plate; b)
displacement of the pressing plate; ¢) displacement of the gate element of the PPGRDA

Solving the equation (4) at the initial conditions p12(0) = p.,, We obtain
Pp = (1_ g /M )QH/O- + pm1 (5)
where p,, — drain pressure, Pa.
From the equation (5) we will find the duration of the first phase
KWlZ QH KWlZ QH
In = In ©6)
o Qu —(Pp — P.)o o Q, —[(c, +¢y) SHl/SL(l -p,lo-

2. Phase of the pressure increase in the pressure pipe of the hydraulic cylinder and cavities,
connected with the pipe to the opening pressure of the pressure pulse generator of relay differential
action(PPGRDA) p12 = px1 and motion of the pressing plate can be described by the system of the
equations

Q, =VS TPy, + KW, Py : (7)

t, =

. 6,094 Q,t/(Xrax S171)
plZSL{l =MpV+ (Cle il 4 Co)Sm (8)

where v = X — speed of motion of SHW pressing plate, m/s.
After Laplace transformation [11] we obtain:

Qu /s=V(s)S,, + P(s)o + P(s)sKW,, . 9)
P(8)Sy =V (8)smp + ¢Sy /[ —6,094Q, /(X Sy)1+ oSy /'8 (10)
Substituting the equation (10) into the equation (9), we obtain
~b,,s* +b,s by, ~b,,s* +b,s Dby,
V(s) = 3 2 ~ 2 (11)
s(agzs + 8,3 +a123—a02) s(azzs +alzs—a02)’
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where a,, = KW,m x_ S 8y =M, (0 XSy —6,094Q, KW,,) 3 @y, = X Siyy —6,094Q,,0m

P : max = []1
aO - 6 094QH Hl! b22 = KlesInXmX Sl]l(cl + CO) , b02 = 67094QH (QH Su]_ _ Ocosnl)
b12 - QH Xirex SLZ” Gsﬂlxmﬁx SUl (Cl + Co) + 61094QH KW12COS171 , (12)

Applying the method of the decomposition of the expression (11) into simpler fractions we
obtain

V(s)= A 1 B,, s+a, /(2a,,)
>s " a, [5+a, 128, — (g, +al)/(4ad)

n 2C,, - B,a, /azz \/4aozazz + alz /(Zazz) (13)
\/4a02 a, +as [s+a,/(2a, )T = (48,3, +ay,) /(4ay,)
where A/l = boz /aoz; Bvl = _bzz - azzboz /aoz , Cvl = b12 - a12b02 /aoz :

(14)
We find the original of the image (13)

B, 7%22; V4ayay, +ay, 2C,, —B,a,/ 82 o za;zz V4ag,a,, +ap,
v(it)=A, + ch t|+ shl ———=—=t (15)
28, \J4a,a,, +as 28, :

Excluding small coefficients of the expression (15) and taking into consideration the accepted
designations according to (12, 14), at initial conditions v(0) = 0 the velocity of the pressing plate
during the second phase is found by the formula

22

Vo (0) = [L-e T KWL S 4 (€ + 6) (meo). (16)

Having integrated the expression (16), at initial conditions x(0) = 0 we find the displacement of
the pressing plate during the second phase

X, () & KW,,S; 1 (¢, + Co){t (mpo) +[e*0* /™7 17752 }

(17)
Solving the system of equations (9 — 10) relatively P(s), we obtain
P(s) = EPZ — Ap2SU1 1 . szsul s+a, /(2a,,)
KW, s+0/(KW,,) a, [s+ay /(Zazz)] —(4anay + aiz)/(4a22)
" (2Cp2 - Bp2a12 /aZZ)Sul \/4aoza22 + 3122 /(2322) +D 1 (18)
2
\/48.026122 + af2 [S + a12 /(28.22)]2 - (4a02a22 + aizz) /(48.222) P S

where __ Kw, (B,,0 —KW,C)) . B ——_ 4y (B,,0 —KW,,C,))

" alzKVVuO__azzo_z +a02K2VV1§ ’ " alzKVVuU_azzo-z +aozKZVVé ’
C a,A

sz Z?VZ+%; Dp2 =(Qy _AIZSL]l)/O-; Epz =—-KW,(Q, _AIZSul)/O-'

(19)
Further we find the original of the image (18)

0, (t) = — Bo2Si e 22222 h(\/ day,a,, + 312 t}— (2Cp2 B, 1a,)S,, e 22222 h[\/ 4ay,a, +a12 t}
() =——"—" s
(20)

22, \/ 4a,a,, + a12 2a,,

22
+D,, +(E,, - Apzsul)e“’“(KW“) I(KW,,).

Neglecting the small coefficients of the expression (20) and taking into consideration the
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accepted designations according to (12, 14, 19), at initial conditions p,(0) =(c, +¢,)S,,/S,, the

pressure in the pressure pipe of the hydraulic cylinder during the second phase is found by the
formula

o ()~ Ct Sy, Sill6 G0 Xy Soy +6,004Q, valzco]( ; J
12, ~

1-e W
Se. Se,(6,094Q; KW,, + & X, Se,) (21)

After the substitution p, = p,., =4cy, /[7(d; —d;)] we obtain the expression for finding the
duration of the second phase

-1
KWy [ [AeyoSu —m(d] —d7)(e, +Co)S,,](6,094Q, KWy, +0 X Sy)
o 2(d3 —d2)S 1[(C, + Co) T X S 1 +6,094Q,, KW,,C, ] (22)

3. Phase of opening of the gate element of the PPGRDA to the value of the upper overlap y = h,
and displacement of the pressing plate can be described by the system of equations:

L,

(- : .
Oy =VvSy +opy, +y7r(d32 _dlz)/4+/m'd;27 2p), /ppp 14+ KW, py, . (23)
< pleul =mpv+ (0166’094Q”t/(xmsm) +¢)Sp . (24)
é)lzﬁ(df _dlz)/4:mxj}+c(y+y0). (25)
Linearization of the expenditures across the throttle will be written in the following way
Py * Py /Py , (26)
where P, = (Pg, + 0,)/2 — average value of the pressure PP in the pressure pipe of the hydraulic
cylinder.
After Laplace transform and linearization we obtain:
~
Qu /s =V (5)S,; + P(S){KWy,s +[o + prd} 2 /(p,, Pp,) | 413+ Y (S)sz(d] —d})/ 4 : 27)
< P(s)S,;, =V (s)smp +¢,S; /[s —6,094Q,, /(X0 S 1)1+ oS 11 /'S : (28)
P(s)z(dZ —d/)/4=Y(s)(ms*+c)+cy,/s (29)
L :
Serially substituting the equations (28, 29) into the equation (27), we obtain
V()= b,S° — by +h,,8% + b5 —by, Dys” —08° +b,8° + by — by,
S(— 85,S° — 5" +85,5° — 8,52 — S + 8y s(aS° — a5 +ag) . (30)
After the transformations by Cardano formulas [12] of the equation (30) has the form
V() ~ b,s® —bygs® + b8 +bs — by
a,S(s— 27, 82 +2ns + 72 +72) (31)
where A= 3\/_8‘03 /(2333 )+'\/QK By :3\/_ Ags /(28‘33)_\/QK ;o Q :_353/(27a§3)+a§3/(43323) ;
a53 = 16 KWlZmepXrTBX Slll ; a43 = 4ml(mp {xmax SL[] [46 + Mdjz V 2 /(pppl_)lZ)] - 63094KVV12QH} ;
ay, = 24,38Q,m m — X S,,[16S,,m, +7z*(d} —d})’m +16KW,m c]; 7, =(Ac+B)/2;

V2= \/§(A|< - BK)/Z; Ay = 97:5QH51211C; by = 24138QHC{COSH1[4O_+,u”d;zan/(pppplz)]_4QHSL[1};
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Ay = 4mpCXmaXSHl[40'+y7zdf?1/2/(pppr)12)] —6,094Q,,[16S,,;m, +7°(d] - df)zmp +16KW,,m c];

ay; = 4C{4meSL3(1 - 6’094QHmp[4o- + ﬂ”df;ml 2/(pppﬁ12)]}; b43 :16KW128171mKerXSL[l(C1 + Co) ;

by, = 97|5Q§mxsu1 + ”(d§ - dlz)xmax Su1[7z(d32 - dlZ)SHl (c,+¢p) - 4SL[1Cy0] +16KW,,S 16X Sm(cl +

+¢y) —24,38Q,,¢,S ;M [4o + ﬂﬂdfz N 2/(ppp P)lib,; = 4Snlcxmaxsu1(cl +Cy)[4o + \ 2/(pppﬁ12) X

X ﬂﬂdfz] —16Q} Xpu Szzzlc ~6,0947(dy —d;)Q,[7(d5 —d/)c,S,, ~ 4S 11101 = 97,5KW;,Q;, S 44C

by; = 4m, {4Qy Xy 81211 — Xmax S 1S ml4o + ﬂﬂdfz \2/(Py Pra) 1+ 24,38KW,Q,, S 11, } 5 (32)
Applying the method of the expression decomposition (31) into simpler fractions, we obtain

1 +Cv3 S+, +Dv3_Cv371 72

V(s):AV3%+B

Cs-2y Ay (s+1)’ 4y awy, (s+y)'+yl (33)
where A, = by . B _271(1913+2b23}/1—4b33}/12)(7/12+7/22)—a33b03(}/2—7/1)_
3 ’ v3 T y
2y, (71 +73) 2ayy, (77 + )07 +73)

Cis = by —ayubg /[2y, (712 +722)]_ B35 Dys =0y —4agy, B,s — 205y, —aghy, /(712 +722) - (34)
We find the original of the image (33)
V(1) = A +Bge”" +(Cos / ag)e ™ cos(r,t) + [(Dys — Coa1) l(B7,)]e " sin(y,t) (35)

As a result of neglecting small coefficients in the expression (35) and taking into consideration
the accepted designations according to (32, 34) the velocity of the pressing plate motion during the
third phase is found by the formula

V, (t) = [3,469Q; mym,i,S; ;3 /(S2,/ o P JIR/MsM, /(SE,7) +1,64 42]sin[L,0913/S2,f/(mym, )] . (36)

Having integrated the expression (36) at initial conditions x(0) = 0 we find the displacement of
the pressing plate during the third phase

318Q; m,m,i,S; 75 |m,m,( [m,m, Sa.n
X, (t) ~ Q'Z 2 en°_'l As\/ = 3\/ 2= +1,644 | 1-cos 1,0913} o1t (37)
SC)l\/pppplz Seall (| Seu MsM, ||

Solving the system of the equations (27 — 29) relatively P(s), we obtain
My b4353 — b3333 + bzas2 + blBS — bos ﬁls'r 1 ﬁoST 1
+ -
85556, (5— 271)(52 +278+ 71 + 722) S61[8—6,094Q; /(XoxS61)]  SesS (38)
Applying the method of the expression decomposition (38) into simpler fractions we obtain
CoS 1_,_ aS 1 + A, 1

P(s) =

P(s) =

+
Sin Sin $—6,094Q, /(XexSy1) S,y S—27,
BpsM, s+ N m, (Cps = Byori) 72 (39)
85S .1 (S+71)° +73 8uS,7,  (S+7)°+7;
where A, =(=by +2b,7, + 4by ) 177 +73); Bps =Dy —Ay; Cpy=lby+ Ap3(712 +7)11(27) -
(40)
We find the original of the image (39)
P (t) = oSy [ Syy +(iSp Sul)eﬁ‘ongt/(xmsm) + [Apsmp /("3‘3351[1)]927lt +
(41)

+ [Bpsmp /(3-338111)]e_y1t cos(y,t) + [mp (C p3 Bp37/1) /(3-3381117/2)]6_}/1t sin(y,t).
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As a result of neglecting small coefficients in the expression (41) and taking into account the
accepted designations according to (32, 34), at initial conditions p,,(0)=4cy, /[7(d; —d})]
pressure in the pressure cavity of the hydraulic cylinder of the pressing plate for the phase three is
found by the formula

Py, (1) ~ 4cy, [[(d] —d2)]+ Sy ./ Se )™ 0o 1) 42)
Solving the system of equations (27 — 29) relatively Y(s), we obtain
V() ~ z(d; —d/)m, { :%23 . B,sS . C,8°+ D8 }_
4S8, ms?+c (s—2p,) ms2+c) agy(m,s?+c)s?+2y,5+ 7% +7%)
x(dZ-d?)e,S,, N x(dZ —d?)c,S,, B cy, (43)

+ .
48, (M, s* +¢)[s—6,094Q,, /(X0 S;1)]  4S,;5(m,s” +¢)  s(m.s® +c)

Applying the method of the decomposition of the expression (43) into simpler fractions we
obtain

Y(s) = ﬁ(d??_dlz)cosﬂl_ 1+7r(d32—d12) m, Ay 4 Kys N S o
48, °ls 48, |s-2y, $-6,094Q, [(XuS,y) | S +c/m,

X{ﬂ-(d?:z _dlz)[mp(By3+ Dy3/a‘33)+ Ly3] +y |:1_77:(d32 _dlz)j|}+7z-(d32 _d]_2)|: VC/mK
0

4S,,m, 4S,, 4S,, s?+c/m,

* (44)

M (As+C+Elag)+ My mFs  s4y M (G- Fen) 7, }
Jm.c a, (S+7,)°+7; 87 (s+7)°+75 |
where A4, =2y,B,/(c +4myl); B,y =-mA;; C=B;-2my A G;= —Ey3(7/12 +y)/e;
F,=-D,/m; D,=C,/(2n)—Eslc—m,(7 +7r)/(2yc); M,;=60940,L /(X0 Sy);
_ c2y,m.D,; +[c _mx(712 + 722)]Cv3} S K= ﬁLST 1X§axsc2'>1
[c—m (77 + 7))} +4rime
We find the original of the image (44)
y(t) = 7(d? —d7),S;  [(4S.C) — Vo + (A7 —dZ)[MyA 67 + K 0" A 0ol (4 )+
+{7(d? —d?)[M,(Bys + Dyy/ g ) + L 1/(4Se,m,) + Yo[L— 7(dZ —d?) /(4S,,)]}cos(y/c/m,t) +
+[(dZ = d2) /(4S5 )I{IM, (A +Cys + Ep/ 85) + M glcos(y/c/ mt) //mc +
+(m,F,q/ag)e ™ cos(y,t) +[M,(G,; — F37:) l(ag7,)1e 7 sin(y,t)}.

As a result of neglecting small coefficients in the expression (46) and taking into account the
accepted designations according to (32, 34, 45), at initial conditions y(0) =0 the displacement of

the gate element of the PPGRDA during the third phase is found by the formula
3(t) ~ [L7487(02 — d2)Q? m2/m, (3.487S23/c —3fm,m, ) /(S5c™ *)Isin(\/c/myt) @)

= v L.=—mK .. 45
° = Rd.sE, +37aaQim, | e = K (89)

e

y3

(46)

Comparing the displacement of the gate element of the pressure pulse generator to h,, the
expression for finding the duration of the third phase is obtained

t, ~ /m, / c arcsin{S37c™'*h, /[1,748(d3 — d)QF m3/m, (3,4878374/c —3/m,m, )} (48)

4. Opening phase of the gate element of the PPGRD to the value of the bottom overlap y = h,,.
and the displacement of the pressing plate.

Similarly to phase three the approximate dependences for the phase four are found:
Scientific Works of VNTU, 2020, Ne 1 7
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V, (1) ~ [3,469Q; mym, Sy 7 (d} +d2) (S5, 2y, P IR/ My /(S5,1T) +1,6444]in[L0913/S 3,/ (mym, )] (49)

318Q; m,m.fi S, . z(d% +d?) [mm.( [m.m, 32 A
(1) ~ 220Qu MaMefbS, (s + a)s\/ oM 3\/ oM 1645 |1 cog 1,001 ~O ¢ || (50)
801\/Pppp12 So4f So4f msm !

t, = /m, /carcsin{S3’c®* (h, —h,)/[17487(d] —d)Qf m3/m, (3,487S5*¥/c —3/m,m, )]} (51)

Displacement of the gate element of the PPGRDA during phase four is determined by the
dependence (47).

5. Opening phase of the gate element of the PPGRDA to the value of the positive overlap y = h,
and displacement of the pressure plate.

Similarly to phase three and phase four we find approximate dependences for the phase five:

Yo (t) ~ [1,7482d2Q7 m3/m, (3,487S223/c —3/m,m, ) (S&7c*')]sin(\/c/m,t)

; (52)
ty ~ Jm, /carcsin{Sgc™* (b — hy, )/[L7482d3Q7 m3/m, (3,487S3°3/c —3/m,m, )} (53)

Velocity and displacement of the pressing plate during phase five is determined by the
dependences (49) and (50), correspondingly. Pressure in the pressure cavity of the hydraulic
cylinder of the pressing plate during phases four and five is found by the formula (42).

6. Phase of opening of the gate element of the pressure pulse generator to the value of the
complete overlap y=h,+h, and pressure reduction to the closing pressure of PPGRDA p12=p..> can
be described by the system of equations:

Qy =oby, + Yﬂd§/4+wd3(y—hn)\¢2p12 /ppp +,U7zdfz 2p12/ppp 14+ KWy, p, . (54)

plz7Zd32 l4=my+c(y+Y,) (55)

We will perform the linearization of the expenses across the throttle by means of the expression
(26) and across the slot, formed as a result of the gate element passage of the positive overlapping

\/Ez\/a (56)

After Laplace transform and linearization we obtain:

(QH +/um3hn\/2ﬁ12 /ppp)/s = P(S){lezs+[G+umf]\I2/(pppﬁ12) /4]}+

+Y (5)(nd] 4+ pund,y [2D, 1 pyy); (57)
P(s)zd; /4 =Y (s)(M,s” +¢) +cy, /s (58)
Substituting the equation (58) into the equation (57), we obtain
P(s) = bysS® —bysS — by __DyS® —byss — by
S5 S° + By S% + B1gS +8ps ) S(AS7 + S + g ) (59)

Where aZG = 4mé[40'+/,l72'(di + d;)\lz/(pppﬁﬂ)] ; bOG :16C[/,l7l'd3(y0 - h'|' )’\Izﬁlz /ppp _QH] ;
az =16KW,,m,; blG :4771:132(:3/0; Ao :4‘{0[40"",“7[((1/‘2& +d§)\/2/(,0ppﬁ12)]+,U7[2d33\/2ﬁ12/Ppp};
a, =16KW,,c+7°dy ; by =16m, (Q, + wrd;hy /2D, / o) - (60)

Applying the method of the expression (59) decomposition into the simpler fractions we obtain
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B
P(S) — Ap6 1 + pé S+ a, /(2a26)

+
S Ay [s+ay /(Zaze)]2 - (a126 —48y,85) /(43226)
n 2C p6 Bp6a16 /aze v a126 B 4a06a26 /(2326) (61)
\/afG - 46[066126 [5 + & /(Zaze)]2 - (a126 - 4aosa?_5) /(4a226)
where Ap6 =—bys /8y ; Bp6 =bys + 800 / 8gs ; Cp6 =Dy +8y5h /a5 - (62)
We find the original of the image (61)

As a result of neglecting the small coefficients of the expression (63) and taking into account the
accepted designations according to (61, 62), at initial conditions p,,(0) =4c(y, +h,)/(zd?) the
pressure in the pressure line of the hydraulic cylinder during the sixth phase is found by the formula

s PepPr2, —
4e(y, +h)  4dih p, smou(d )\ 2 dy Prop Pi2
Pr2, (t)~ 2 T2 2 (1-e 1-sh 2 2 t (64)
7d; di +d; 8m,u(dx +d;) 2 :

Solving the system of the equations (57 — 58) relatively Y(s), we obtain

d? A B,sS+Cps cY,
2 + 2 2 + 2 65
4 [ s(ms?+c) (asS? +aS+ag ms?+c)| s(ms?+c)- (65)

26

Y(s)=

Applying the method of the expression (67) decomposition into simpler fractions we obtain

2 ad?(B,. +F 2| G c/m 2E..-D /a
Y(s): ﬂAy +Y, l.;. 3( y6 YG)_ o |5 S +7Zd3 y6 . K4 y6 y6a16 26><
s 4m, s®+c/m, 4 |Jmcs®+c/m.fa2 —da a,

y \ al26 —4aya, /(2ay) N Dys S+ay/(2a,) (66)
[s+ay /(2a, )]2 - (3126 —4a,3,) /(43-226) ay [S+ay /(225 )]2 - (3126 —4a,3,) /(43-226)
where Ag=A;/c; Bg=—MA;/C; Dys=-axFs/m; G;=(C,—CE,)/a;
_ Bpeméaoea16 +Cp6(méa06a26 _Cage - méafe) ) _ (Cazﬁ —m Jﬂ _ Cpéa% (67)
- ~ ’ 6 K .
e M, (2358, — méage - Caize) - Czags . Aos A AosQi6

We find the original of the image (66)

2 A2(B, +F.;) c ) m?[ 6. ([c
t)="2A,+Y,+ 6 Y67 _y o lcoy |—t [+ =2 —Lsin| |—t |+
y® 4 Ao+ Yo [ 4m, Yo m, 4 | Jmc m,

16 16 68
n %e;%tch[\/ a126 — 4a06a26 t] + 2Ey6 B Dy6a16 /aze e_zii?tsh \ 3126 — 4aoeaze tﬂ ( )

A% 28y \/ 8126 —4a,,ay 28,

As a result of neglecting small coefficients in the expression (68) and taking into account the
accepted designations according to (60, 67), at initial conditions y(0) = h,, the displacement of the
gate element during the phase six is found by the formula

Ye(t) = h{l+ ﬂd;’\/pppﬁﬂ /2t /[24m, u(d} + d;)]} (69)
Comparing the displacement of the gating element of the pressure pulse generator with h, + h,,
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we obtain the expression for finding the duration of the phase six

t  24mu(d2 +d2)h, J2/(p,,By,) H(7dsh,) (70)

Verification of the correctness of the simplified model is performed by means of comparison of
the frequency and amplitude of the vibration compaction of SHW.
We find the oscillation frequency of the vibration compaction of SHW:

v =1/t +t, +2(t, +t, +t, +t,)] =1/[0,01084 + 2,414 -10* +
+2-(6,686-10° + 6,685 -10° + 2,166 -10°° + 2,488 -10*)] = 84,98 (I'n). (71)
Then we find the amplitude of the SHW compaction plate displacement:
A=X,+ X, + X, + % =1,915-10" + 2,762 -10° +
+2,914-10™ + 3,059 -10% =1,915 .10 (m) = 0,1915 (mwm). (72)

The values of the oscillations amplitude, obtained by means of the simplified mathematical
model differ from the corresponding results of the complete mathematical model [9] not more than
by 5.34%, it is acceptable for the realization of the preliminary design calculations.

The considered technique of the preliminary assessment and selection of the output parameters of
the vibrational drive for SHW compaction has the approximate character, it is recommended for the
application in the process of the draft design for the revealing of the general technical characteristic.
Final calculation of the real parameters of the vibration drive for SHW compaction should be
carried out, using more complete mathematical model [9], taking into account the characteristic
features of the specific design scheme.

Conclusions

Simplified improved mathematical model of the vibrational drive for SHW compaction, using
pressure pulse generator of the relay differential action is suggested, the given model enabled to
obtain analytical interdependences of its basic parameters and dependences of the frequency and
amplitude on the basic parameters of the given drive, that can be used for the realization of the
preliminary design calculations of its parameters, as one of the components for the solution of the
problem of the creation of scientific-engineering fundamentals for the design of the efficient tools
of the machines for the collection and processing of the solid household waste.
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