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INTRODUCTION
The  wide  use  of the vibration digging working 

parts  in  the  contemporary beet - harvesting  machines  
is caused  an d explained by  their  considerably  small-
er  tractive  resistance ,  and  also  ability  to extract  root -
 crops  from  the  soil  actually  without  the  damages 
 and  losses .   The   uctuations  of the  digging working 
part  create  conditions  for intensive stabbing of stuck 
soil  from  the  root - crops  during  their  excavation , 

 which  contributes  to the  high  level  of  quality indica-
tors .   Therefore, the design  of new vibration digging 
working parts ,  and  also study  of  their functioning 
 for  determining  the  optimum  design  and  kinematic 
 parameters  is  the  urgent  task  of  sugar - beet raising 
mechanization.

The  analytical  study  of the  process  of  interaction 
between the  working  elements  of the vibration dig-
ging working part and a  root  will allow  to obtain  the 
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The  new  design  mathematical  model  of the  sugar  beet roots vibration digging-out process  with the  plowshare 
 vibration  digging  working part has been created.   In  this case  the  sugar  beet root  is simulated  as  a solid  body , 
while  the  plowshare  vibration  digging working part  accomplishes   uctuations  in  the longitudinal - vertical  plane 
 with  the  given  amplitude  and  frequency in  the  process  of  work . The aim of the current research has  been 
to determine  the dependences  between  the  design  and  kinematic  parameters  of the  sugar  beet roots vibra-
tion digging-out technological  process from  soil ,  which provide  the     ir non-damage.  Methods .   For  the aim ac-
complishment,  the  methods  of  design  mathematical  models constructing  based  on  the  classical  laws  of  me-
chanics  are  applied.   The  solution  of the  obtained  differential  equations  is accomplished  with the  PC involve-
ment.  Results . The  differential  equations of the sugar beet root’s motion in course of  the  vibration  digging-out 
have been comprised . They allow  to determine the admissible velocity  of  the vibration digging working part’s 
forward  motion   depending  on  the  angular  parameters  of  the latter. In the result of the computational simula-
tion i.e.,  the  solution  of the  obtained  analytical  dependence by PC,  the  graphic  dependences  of the admissible 
velocity  of  plowshare v ibration digging working part’s forward  motion providing the  extraction  of the sugar 
beet root  from  soil  without  the  breaking-off  of  its  tail section have been determined.  Conclusions . Due to the 
performed  analytical research , it has been established  that   =  13 …  16 ° ,    =  20 …  30 ° should be considered as 
the most reasonable values  of    and   angles of the vibration digging working part providing both its  forward 
 motion optimum  speed  and sugar beet root  digging-out from  the  soil  without   damage .   On  the ground  of  the  data 
 obtained from the analytical rese arch,  the  new vibration digging working parts  for  the  sugar  beet roots  have 
been designed; also  the  patents  of  Ukraine  for  the  inventions  have been obtained for them.

Keywords: vibration digging working part, sugar beet root, simulation analysis, differential equations, com-
puting solution.
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 kinematic ,  design  and  technological characteristics  and 
also – t o determine t heir o ptimum v alues .

Basic t heoretical a nd e xperimental r esearches o f the 
sugar beet root’s vibration e xcavation a re published 
i n source [ 1 ] ,  whereto t he r oot- c rops i s simulated a s 
t he b ody  like to an e lastic r od o f v ariable c ross sec-
tion w ith o ne   xed e nd.  The l ateral oscillations o f a  
root  e xamined i n the current research are described 
by means of t he d ifferential e quation i n t he p artial d e-
rivatives o f the f ourth o rder.  T  he d irect t echnological 
p rocess o f the r oot- c rop digging-out of t he s oil d uring 
t he v ibration a pplication o f e fforts i s not actually dis-
cussed  in the paper. Though, i t is mentioned t hat t he 
c onditions for the root digging-out of t he s oil u nder 
t he a ction o f the p erturbing force a pplied i n t he trans-
verse- v ertical p lane are found by means of t he spe-
cially c omprised d ynamic force analysis equations. I  n 
t he mentioned source i t is considered t hat p recisely 
t his d irection o f   uctuations w ill m ost fully contribute 
t o the h igh- q uality e xcavation o f the sugar beet root 
f rom t he s oil. 

In the literature [ 2 ]  t he t heory o f u sual p lowshare d ig-
ging o perating unit  is developed. The m ethod o f the 
r oot digging-out of t he s oil a t f orward m otion o f d ig-
ger t aking into account t he c onditions for the r oot  non-
damaging has been discovered. I  n t he above mentioned 
paper t he e xpression f or d etermining t he admissible 
velocity o f d igging working part’s forward m otion a t 
given d esign parameters  is obtained. I  n t his c ase t he 
r oot digging-out process i s achieved u nder t he a ction o f 
the f orces appearing o n t he w orking s urfaces o f p low-
shares a s a result of t he d igging working parts’ forward 
m otion a long t he r ows o f r oot- c rops.

The d eveloped n atural a nd f orced root body oscil-
lations t heory [ 3 ]  i s necessary f or t he e valuation o f 
the i n  uence o f the i ndicated   uctuations o n t he p ro-
cess o f d estroying t he c onnections o f r oot- c rops w ith 
t he s oil.

Numerous s tudies c urrently existing i n t he s cien-
ti  c l iterature c oncern issues o f the r oot vibration 
digging-out of t he s oil [ 2 10 ].   Ho  wever,  th e da ta of  
de velopments are nevertheless in suf  cient fo r th e 
co mplete an alysis of  the ro ot direct digging-out of  
t he so il.

The pu rpose of  the current research wa s to es tablish 
the an alytical de pendences be tween th e de sign an d ki-
 nematic pa rameters of  the su gar beet root vibration dig-
ging-out technological pr ocess out of  th e so il by  a plow-
share di gger en suring co nditions for their non-damage.

MATERIALS AND METHODS

For end of the mentioned purpose the methods of de-
sign ma thematical mo dels construction an d computer 
simulation are ap plied.

RESULTS AND DISCUSSION

Let us examine th e pr ocess of  be et roots digging-
out with a vi brating digger p erformed un der th e ac-
 tion of  the ve rtical ha rmonic pe rturbing force tr ans-
ferred to  pl owshares fr om an  actuator.  Th  e pr inciple 
of  the us ual pl owshare di gging working part function-
ing li es in the fact that du ring th e mo tion on  th e ro w 
of  the be et roots it s we dges de stroy th e la yer of  so il 
pe netrating together with th e roots th e re duced dig-
ger canal fo rmed by  the in ternal su rfaces of  we dges. 
 Si  nce th e we dges ar e  xed un der ap propriate ,    and 
 a ngles, in teraction of  the la yer of  so il to gether with 

th e roots wi th th e si des of  we dges in course of th eir 
fo rward mo tion oc curs in  such a way that th e la yer 
of  so il is  compressed fr om bo th si des,  deformed,  an d 
of  th e co rresponding ef forts of  digging-out fr om th e 
so il ar e created fo r th e be et roots during th eir fu rther 
mo tion be tween th e wo rking su rfaces of  we dges (i . e.,  
th rough th e re duced can al).

It it should be noted that in  th e di gging-out roots pro-
cess by  the us ual pl owshare di gging working part, th e 
so il support forces pl ay the important ro le,  th erefore 
th e la yer of  so il is  compressed in  th e re duced digger 
canal,  wh ich ca uses th e ap pearance of  necessary fo rces 
of  ve rtical digging-out.  Th  us,  th e pr esence of  the so il 
support forces is  th e ne cessary co ndition fo r the wo rk 
of  the us ual pl owshare di gging wor king part.

In case of the beet roots digging-out by a  vibra-
tion di gger as  a result of th e   uctuating motion of  
pl owshares th e so il in  th e zo ne of  the di gger working 
canal is  strongly loosened,  an d th erefore, th e men-
tioned root digging-out forces do  not appear,  si nce 
t h e ne cessary co mpressive strain of  so il in  th e digger 
canal d oes not occur. As   indicated in  [3 ] ,   th e pr e-
sence of  so il in  th e vi bration di gger working canal is  
not a  basic co ndition fo r cr eating th e ro ot digging-
out efforts.  This is  an es sential di fference between 
the vi bration di gger and th e kn own ty pes of  the di g-
ging working parts.  In   literature [3 ]   it  is also no ted, 
 th at if  in  th e canal of  the us ual di sk or  pl owshare 
di gging working part th e root at presence of th e so il 
support forces,  is  inclined in  th e di rection of  mo tion, 
 so  then in  th e canal of  vi bration di gger th e ax is of  
roots at its digging-out al ways takes th e po sition al-
 most pe rpendicular to  the ro w axis.
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This is  caused by  the fa ct th at th e su pport forces, 
 wh ich ar e th e ne cessary co ndition of  the us ual pl ow-
share di gger o perating, ar e no longer important for th e 
vi bration di gger work. Therefore,  th e pr obability of  the 
ro ot breaking-off as  a result of its ax is inclination in  
th e di rection of  the forward mo tion of  vi bration di gger 
co nsiderably de creases.  Du  ring th e vi bration digging-
out in  th e pr ocess of  ve rtical di splacement th e roots ar e 
intensively cleaned of  th e stuck so il due to providing 
th em with a si gni  cant ac celeration.

Thus,  th e root digging-out du ring th e vi bration ex ca-
vation is  achieved du e to th e di rect se izure of  roots by  
the vibration digging working part un der th e ac tion of  
the pe rturbing force tr ansferred by  working part fr om 
th e actuator.  As followed from the mentioned above, it  
is necessary to  examine th e di rect contact of  roots wi th 
th e wo rking su rfaces of  pl owshares du ring th eir se izure 
for in vestigating th e di gging-out process wi th the aid of 
th e vibration digging working part. Th  is co ntact ca n be  
achieved ei ther di rectly be tween th e wo rking su rfaces 
of  di gger an d a  root body, or  th rough th e su f  ciently 
th in la yer of  so il.

Let us draw th e eq uivalent di agram of  in teraction 
between a root and th e wo rking su rfaces of  the vi-
b ration digging working part. For that end, th e vibra-

tion digging working part is  represented in the form 
of tw o wedges – A1B1C1 and A2B 2C2, eac h of  whi ch 
has  an  inc lination in  the  spa ce under ,  ,    a ngles, 
 xed to  eac h other in  the way tha t the  working cana l 

is formed, who se tai l end is  narrowed (Fi g . 1 ) .  T he   
ind icated wedges acc omplish  u ctuating motions in 
 the  longitudinal-ve r tical pla ne (th e  actuator of  plo w-
shares to  the   u ctuating motion is not rep resented). 
T he  direction of  the forward mot ion of  the vibration 
digging working part is  shown with a poi nter. L et   us 
connect wit h the  vibration digging working part the  
Cartesian rec tangular coo rdinate system Oxyz. I ts O-
center is located in  the middle of  the nar rowed dig-
ger canal, O x-axis coincides wit h the  dir ection of  the 
forward mot ion of  dig ger, O z-axis is directed upw ard, 
a nd  Oy-axis is  directed to the  rig ht sid e of  the  digger. 
P ro  jections of  B1 and B2 points to Oy-axis are marked 
with O1 and O2 correspondingly.

It is considered tha t the  root approximated with the 
bod y of  con e-sh a ped for m loc ated ins ide the  dig ging 
work ing part, who se own axi s is  parallel to Oz-axis 
interacts with the  sur faces of  wedges A1B1 1 and 
A2B2 2 in the  two  corresponding poi nts. T he   str aight 
lines dra wn through the  con tact points of  roots wit h 
the  pla nes of  wedges A1B1 1 and A2B2 2 and B1  and 

Fig. 1. Force interaction between the sugar-beet root and wedges of the vibration digging 
working part
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The value of frictional forces F1 and F2 are estimated 
from the following equations:

F1 = F2 = f N1 = f Qpert1cos        (4)

It is obvious that takin g int o account the workin g 
co nditions for the ab ove mentioned vibration digging 
working parts [3] during   t he analyt ical  study of the roo t 
diggi ng-out process it is nec essary to examine  two se-
quen tial  phases:

1) A root  is solidly  connected to  the  soil  ( it is  xed  in  it , 
exactly),  and  therefore,  it  cannot  be moved  along Oz -
axis;

2) The  connection  of roots  with  the  soil has already 
 been weakened  ( almost  destroyed )  and  it begins  its  up-
ward motion  i.e .,  in  the  direction  of Oz -axis.

The  rst phase is further considered.

On purpose of  the  thorough  analysis  of the  root dig-
ging-out process the  differential  equation  ( 1 )  in  the 
 projections  on  the  axis  of the  Cartesian  coordination 
system  of  Oxyz is composed.

It should  be noted immediately  that  since  the compo-
nents  of  normal  responses Ni of the working surfaces 
A1B1 1 and A2B2 2  along Oy-axis  are equal in  value 
and directed oppositely , the root digging-out  occurs 
 actually  only  into  xOz-plane ,  and  therefore,  the vector 
 equation  ( 1 )  is reduced  to  the  system  of  two  equations 
in the following  form:

m  = N1x + N2x + F1x + F2x – Rx  

m   = N1x + N2x + F1x + F2x – Rx  

where Rx, Ry – the projections of the constraint forces of 
the root to the soil to the corresponding axes.

The projections of the forces included into the equa-
tion system (5) are determined as follows. As seen from 
Fig. 1, the projections of the normal components N1 
and N2 to Ox-axis are equal:

N1x = N2x = N1 sin  sin  = Qpert1cos  sin  sin      (6)

Obviously, unti l the  root is   xed in t he  soil , and 
 when  duri ng the  cont act of t he root with  the  wedg es 
the plowshares A1B1 1 and A2B2 2 move  upwa rd in the 
proc ess of   uc tuations (in  t he  posi tive direction of O z-
axi s), th ough the  root  motion has not begun yet,  th e 
 wedg es can  slip  alon g the  root  body. Th  er  efore, the 
 fric tional forces direction can be cons idered oppo site 
to t he dire ction of t he Ti-for ce, (i =   1. 2)  (p ar allel to t he 
lines of 1 1 and 2 2 as for the  working surf aces of 
wedges A1B1 1 and A2B2 2 respectively). A t  that, the 

B2 points create the corresponding M1  and 2 points 
at the  int ersection wit h the  wed ges sides A1 1 and 
A2 2. T hu  s,   i s  a dihedral ang le ( 1  1 1) bet ween 
the  low er bas is 1 1 1 and the wor king sur face 
of  the wedge A1B1 1 or, ( 2  2 2 angle) b etween 
the  low er bas is 2 2 2 and  the wor king sur face of 
 wedge A2B 2 2.

The forc es appearing as a  result of inte raction of 
t he root with  the  vibration digging working part is 
i ndicated. At  t  he  cont act points of t he root with  the 
 appr opriate surf aces of wedges A1B1 1 and A2B2 2 
the perturbing forces Qpe rt1 and Qpert2 perform. Be-
ca  use of the  acti on of t hese for ces at t he  indi cat-
ed contact points the  normal resp onses N1 and N2 
appe ar from the side  of A 1B1 1 and A2B2 2 wedges 
surfaces correspondingly, and 1, 2 i.e., the  tang en-
tial components of p ert urbing forces Qpert1 and Qpert2. 
In a  ddition, at  t he  indi cated contact points there are 
the  fric tion forces of F 1 a nd F2 appearing duri ng 
the  moti on of r oots along the  work ing surf aces of 
wedges A1B1 1 and A2B2 2 corr espondingly. Si nc  e 
the  vibration digging working part has  a sy mm etry 
axis, as su ming that the  root in course of its  digging-
out of the  soil  is l ocated prec isely on t his  symm etry 
axis it is considered that  the  modu les of t he paired 
forc es appe aring on t he  appr opriate plan es of w edges 
A1B1 1 and A2B2 2 betw een them selves. In  t  he  root  
gravity center the Gk-for ce acts i.e., the  mass  of a  
root, it s  bind ing force (coh e sion) wi th  the  soil  is d e-
signated wit  the common response of general of R z.

The diff erential equa tion of the beet root motion in 
t he  proc ess of i ts  digging-out of t he  soil  will   take  the 
 vect or form :

where m – a beet root mass;  – root digging-out ac-
celeration.

The value of the forces included into equation (1) is 
determined below. T1 and T2 components of perturbing 
forces Qpert1, Qpert2 never make a direct impact on a root, 
though they only cause the soil loosing around the root, 
and so, are not included into the differential equation 
of a root motion.

The expressions for normal Ni and tangential i com-
ponents of the perturbing forces Qpert1 and Qpert2 is fol-
lowing:

N1 = N2 = Qpert1cos ,   (2)

T1 = T2 = Qpert1sin ,   (3)

(1)

(5)�
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 slip pages leng thwise to Ox-axis almost never occu rs 
due to the  abse nce of t he soi l support forces, also  in 
c onnection with the  digger forward moti on (sin c e its 
work ing surf aces are   xed at t he  appr opriate angl es to 
t he  dire ction of m oti on, wh at  crea tes the  cond ition for 
 the soil  layer shift) it  i s i nclined to t he  forw ard moti on 
at some  smal l angl e.

Thus, as  f ollows from the  abov e and  on t he basis of 
s tru cture diagram of F ig. 1  it  i s possible to c onclude 
that  the  proj ections of t he F1 a nd F2 friction forces to 
Ox-axis will be equa l to: 

sincosFFF xx 121  

or, as considering (4), it will be:

F1x = F2x = fQpert1cos2  sin       (7)

The projections of N1 and N2 normal compounds to 
Oz-axis, as follows from the chart of Fig. 1, will be 
equal to:

cosNNN zz 121

or, as considering (2):

N1z = N2z = Qpert1cos2                  (8) 

The projections of F1 and F2 friction forces to Oz-
axis, as also follows from the chart of Fig. 1, will be 
equal to:

  sinFFF zz 121

or, as considering (4), it will be:

F1z = F2z = fQpert1cos  sin      (9) 

While substituting equations (6), (7) in the  rst equa-
tion of the system (5), it will be:

m  = 2Qpert1cos  sin  sin  + 2fQpert1cos2  sin  – Rx      (10)

Whereas,
Qpert1 =      Qpert1 =      H sin t, (11)

where  – perturbing force amplitude;  – perturbing 
force frequency, then the equation (10) will be, as fol-
lows:

m  = H cos  sin  sin  sin t + 
+ f H cos2  sin  sin t – Rx

The process of the  vibratio n diggi ng-out of a root out 
o f the soil should  be  anal yzed examining separ ately the 
 equations o f th e system (5).  Thu s, the  o b t ai  ned  eq uati on 
(12) d escribes  t he  f orced osci llat ions of the root in  the 
soil alo ng  Ox-a xis,  while its lower end is ri gidly   xed.

Obviousl y, this equation o ccurs  upon con dition of 
the root imm ediate  contact with the surfac es of  wed ges 
A1B1  1 and A2B2 2, i.e., when they  ar e m oving  upwa rd. 
This wi ll be  po  ssibl e upon t he following c ondi tion:

0  sin t  1

If the opposite in-equation occurs:

–1  sin t  0, 

then it means that the surfaces of wedges A1B1 1 and 
A2B2 2 move downward.

Since it is accepted th at the root is  cone- shaped, and 
 then   upon c on dition of ful  lling the  la st in-equat ion  the 
root immediat e co ntact with the surfaces  of t he d igger 
wed ges is  lost. So, the  root manages to return  to the  ver-
tical p osi tion  in time of the absen ce of  contac t due to  it s 
own elasticit y. It is  possible  to   estimate appro ximately 
considering that in time of t he ab sen ce of  contac t with 
t he  surfaces  of p lows hares the  ro ot accompli shes dy-
in g oscillation s along Ox-axis upo n availability of re-
sistance and  in  the pertur bing  force absence. With the 
advent  o  f new contact due t o a  change i n the   u ctuatin g 
motio n direction of the plowshares ’ surfa ces and also, 
the dig ging  working p art’s forward motion (a  canal i n 
the tail end o f t he d igger is  narrowe d) ever yth ing is r e-
p eated. As f ollows from  the mentione d above, at the vi-
bration dig ging -out of the soil the root  pre serve s almost 
 vertical p osition , that is in line  w ith the conceptu al is-
 sues of the source [5] .

Further on,  t h e second eq uation o f syste m (5) sho uld  
be con s i d ered. Due to substituti  on of expressions (8), 
 (9) in it, t h e   eq u a t ion  will  be, as follows:

m    = 2Qpert1cos2  – 2fQpert1cos sin  – Rz – Gk

or, as considering (11), it will be:

m    = H cos2  sin t – fH cos sin  sin t – Rz – Gk. (13)
Obviously, during the  rst phase (the root is quite 

strongly stuck in the soil), the left half of the differen-
tial equation (13) is equal to zero. That is why, this very 
equation is changed into the static equation i.e., the root 
balance equation in the soil along Oz-axis, as follows:

(H cos2  – f H cos  sin ) · sin t – Rz – Gk = 0 (14)

Upon further condition of  the roo t immediat e con-
ta ct with the wedges’ surfaces A1B1 1 and A2B2 2 (i.e., 
upon conditio n  of  0   sin t  1) t he  induc ed l ongi-
tu d in al v ibration s of the roots examined  in the source  
[3] are  per formed. In  t h e  absence of the   root contact 
with the indic ated plo wshar es’  surfaces the root accom-
plishes dying osc illations alo ng Oz-axis at resis tance. 

(12)
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Thus, upon  condition  (  14)  the root always a c co mp lish-
es either lo ngitudinal vi bration s or forced, or damped 
a t r esista nc e.  Besides, t he impact  lo ads appea r in  the 
moment o f root’s the next contact wi th  the  plows hares. 
A ll th is c auses the  in  tens ive destruct ion  of the roo t’s 
connecti ons wit h the soil, and th e refor e, m isbala nce 
 (14) as a  result of th e  R z  force value dec reas e.

Thus, at the very moment t he fo llow ing inequali ty is 
ful  lle d instead of the equalit y (14):

(H cos2  – f H cos  sin ) · sin t – Gk > Rz    (15 )

Upon co n dit ion (15) the root move upward begins 
described with the differential equation (13).

Thus, in the second phase the root begins to move in 
the soil as described by the differential equation (13).

The differential equation (13) is following:

          =       (cos2  – f cos  sin ) · sin t –        –               (16)

After double integrating of this very differential equa-
tion the root’s velocity and displacement along Oz-axis 
as functions of time t will be obtained.

The  rst integral will be equal to:

        = –        (cos2  – f cos  sin ) · cos t – 

 –      ( Rz + Gk) t + C1

The second one looks as follows:

z = –        (cos2  – f cos  sin ) · sin t –  

–      (Rz + Gk)      + C1t + C2   

where 1 and 2 – arbitrary constants.
For determination of the arbitrary constants the initial 

conditions are necessary to be established. If t = 0:
z = –h1,

= 0,
where h1 – root depth in the soil.

Considering the initial conditions, the arbitrary con-
stants’ values will be obtained:

C1 =       (cos2  – f cos  sin ),
C2 = –h1

After substitution of (19) into the expressions (17) 
and (18) the following will be obtained:

= –       (cos2  – f cos  sin ) · cos t –

–      (Rz + Gk) t +       (cos2  – f cos  sin )

Thus, the expressions for determining  of  the root’s 

velo city  and displac eme nt in the process of  its  digging-
out  of  the  soil alo ng  Oz-axis at the esta blis hed i nitial 
conditions have been obtai ned.

z = –        (cos2  – f cos  sin ) · sin t –  

–     (Rz + Gk)      +         (cos2  – f cos  sin ) t – h1

It  is possibl e to determine the time of the root’ s dig-
ging-out of the soil t1 from eq uation (21). Fo r th at end, 
it is  necessar y  t o s  ubst itute valu e of z = 0 into  the left 
side of equation  (  21) and  to  estim ate t he  obtained  e qu a-
tion  considering  t1.

 Since thi s equation is transce ndent, it  is im possible  to 
 obtain the a na lytical expression for dete rmination of t1 , 
though it  is  possible to estimate  it with  PC  applying th e 
k nown numerical methods. The c alcu lated  value of t 1 is 
al lowed to be used for determining the pro ductivity o f 
th e aggregate  for  the roots exc ava tion with the  vibr a-
tio n digging working parts.

It is noted above, for the period of tim e, wh ile the  root  
is   xed in the soil, the  equation  (12) des cri bes  the  fo rced 
oscillat i on s  of the roo t in the soil along Ox-a xis. How-
ever, w hen  the root loses tie s   with th e  soil and begin s 
to move u pward , th e equ ation (12)  describe s its  mo tion 
lengthwi s e  Ox -axis unti l th e compl ete digging-out.

Conseque ntly, by analo gue, after the double in tegrat-
ing of  th e diff erential eq uation (12)  it  is possible to de-
 termine r o ot  v elocity and dis placement alo ng Ox-axis, 
i. e.,  in the direct ion of t he vibr ati on  dig ging  working 
p art’s fo rward motion. For that end, it is necessary to 
write  down the differential equation (12) in  the follow-
ing for m:

 =        sin  (cos  sin  + f cos2 ) sin t – Rx

Th e d ouble integrat ing of this very equation gives the 
following results. The  rst integrating of the differen-
tial equation (22) results in the following:

  = –        sin  (cos  sin  + f cos2 ) cos t –
–      t + L1,

The second one will give:
x = –         sin  (cos  sin  + f cos2 ) sin t –

–       t2 + L1t + L2

where L1 and L2 – arbitrary constants.

For the arbitrary constants L1 and L2 to be determined, 
it is necessary to establish the initial conditions. Thus, 
at t = 0: 

    = 0, x = x0,

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)
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 ensuring  the digging-out  of the sugar beet root of  the  soil 
 without  damaging is lowered .   As concerning  the  in  u-
ence  of the  camber angle  of the p lowshare vibration 
digging working part o nto t he f orward velocity  V of its 
m otion,  a s can be seen from the diagrams,  t he u se o f big 
values o f s uch a ngles e nsures t he h igher l evel o f the f or-
ward velocity o f m otion.  Considering that t he s tatistical 
v alue o f the  taper angle k  of the sugar beet root c om-
poses 2 0…  2 8  degrees, t hen t he u se o f a v alue o f  the 
c amber angle   of  the pl owshare vib ration digging 
working part cl ose to  30  d egrees, al so ensures th e hi gh-
er le vel of  the mo tion forward velocity.

Thus,  the ob tained estimation re sults de monstrate th at 
the mo st reasonable va lues of  the an gles   and  , where-
in the  hig h spe ed V  of the plo wshare vibration digging 
working part’s for ward mot ion, and also digging-out of 
 the sugar beet root fro m the  soi l wit hout dam age ar e en-
sured, should be 1 = 15º, 2 = 20º, 3 = 30º.

Thus, the P C  esti mation results of the  obtaine d an-
alyti cal depende nces con  rm  their c orrect ness and 
aff ord grounds  for the ir p ractic al applica tion in course 
of both design  and cal cula tions of the  new, mo re  im-
 prove d digging  working parts for the beet-ha rves t ing 
machine s.

Taking into account the obt aine d results  the new  
con stru ctions of the  vibration digging working parts 
[11 15]   have  b een developed. Their use impr oves  the 
qual ity  of this  te chnolo gical process. 

CONCLUSIONS

1. The new desi gn m athemat ical model of  the v ibra-
tio n digging-out of the b eet root of the s oil  wit h the 

where x0 – the distance of the root’s vertical axis from 
the initial point of the coordinate system (O-point) in 
the moment of time t = 0. 

Considering the initial conditions, the following 
values of the arbitrary constants will be obtained:

L1 = –       sin  (cos  sin  + f cos2 ),

and
L2 = x0

The substituting of the obtained values of the arbi-
trary constants L1 and L2 in the expressions (23) and 
(24) will result in:

  =        sin  (cos  sin  + f cos2 ) cos t – 

–      t  +         sin  (cos  sin  + f cos2 ),
and

x = –          sin  (cos  sin  + f cos2 ) sin t – 

–        t2 +        sin  (cos  sin  + f cos2 ) t + x0.

Thus, the values of the projections of the root v el o-
cit y and d isplace ment to Ox-a xis  as the function o f 
ti me t, which meets the given ini tial cond itions, h av e 
been obtained. 

Owing to the  specially d etermined software, the nu-
merical computations of the admissible  velo city V of 
 the plowshare vibration digging working pa rt’s mo v-
ing upon condition of the non-damage of the sugar  beet 
root and  various  values of  angles  and several  xed 
values o f angle s  have been  accomplishe d. The  initia l 
d ata fo r the calculations are given   in the Table.

 The diagrams  of the velocity  change  V for  the for-
ward  motion  of the  plowshare  digging working part 
 depending  on  the  different values  of  the angle  have 
been drawn  on a base of ( Fig .  2 ).

As seen from  the  represented diagrams , the  calcula-
tion results  the  dependences  of the  indicated parameters 
are c lose to  the linear  nature . By  increas ing in the  angle 
of attack   of the  plowshare vibration digging working 
part,  the  value  of the  forward velocity  V of its  motion 

(26)

(25)

(27)

(28)

Fig. 2. Dependence of the admissible velocity V of the plow-
share vibration digging working part’s forward motion upon 
the angle : 1 = 15º, 2 = 20º, 3 = 30º

Esti mating Parame ters for t he  Plowshare Vibration 
Digging Working Part

Parameter

a [Px] f f1 g

0.12 m 200 N 11000 N/m3 0.60 0.50 9.81 m/s2
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plowshar e vibration  digging working part has been ac-
complished.

2. The root’s v elocity and disp lace ment in the f or-
w ard  motion direction of the v ibration digging work-
ing part have been determined taking into account its 
design-k inemat i c paramete rs.
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