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Engineering method of studying the kinematic parameters
of the working body of the potato harvesting machine

The work provides an engineering methodology for studying the kinematic parameters of the drive
mechanism of the ploughshare of a single-row potato harvesting machine. The development of a new design of
the potato harvesting machine led to a special approach to studying its kinematic parameters. The essence of the
engineering methodology is that it is based on the graphical-analytical method of plans in the study of kinematic
mechanisms. For the physical design of the drive mechanism of the potato harvesting machine, theoretical
descriptions were made and plans of velocities and accelerations were built, which allows the researcher to
obtain the specified kinematic parameters for any points of the links of this mechanism. The paper obtained a
number of values of kinematic parameters that characterize the operation of this mechanism and on the basis of
which the technological efficiency of the ploughshare of the potato harvesting machine is analyzed.
potatoes, potato harvesting machine, kinematic parameters, velocity, acceleration, ploughshare, crank,
drive mechanism, working body, engineering methodology

Problem statement. The cost of production of crop products directly depends on the
level of mechanization of technological processes. One of the most labor-intensive operations
is the harvesting operation in the production of potatoes. This is a particularly acute issue for
small farms or farms where there is a lack of equipment [13, 15]. There are many offers of
mini potato harvesting machines on the market, but few of them come from Ukrainian
manufacturers of such equipment. In addition, most of this equipment is not designed for
regional specifics - heavy soils. Therefore, during operation, potato harvesting machines often
break down, their technological efficiency decreases, or they are generally unable to perform
this technological operation under such conditions [16].

From this follows the need to carry out research work to find new solutions for
obtaining optimal designs of potato harvesters [18]. However, the problem is complicated by
the fact that we are talking about small, low-energy machines that are operated with tractors
of a traction class of 0.6 tons and less. Therefore, decisions made must be well-considered and
made on the basis of proven engineering analysis techniques and basic approaches to
designing agricultural machinery [2].

Analysis of recent research and publications. Many scientists focus on the study of
mini potato machines [5-10]. This is especially well developed in those countries that most
export such equipment to the world market. However, there is very limited information that
covers engineering methods of research, for example, kinematic parameters of the main
working bodies of potato diggers. The accuracy of the final result depends on the application
and implementation of a particular theory that describes the desired process [3, 4, 14]. The
problem is exacerbated if there are new constructive solutions that are different from the
typical ones. Then it is difficult for the designer to simulate the work of the proposed design.
Therefore, it is worth developing theoretical approaches for analyzing certain parameters of
machines in the form of engineering techniques that have the necessary sequence and
completeness for the implementation of the study, as well as simple mathematical
calculations.
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Statement of the task. The purpose of the study is to develop an engineering
technique for studying the kinematic parameters of the driving mechanism of the ploughshare
of a potato harvesting machine as the main working body.

Presentation of the main material. According to the development of our own design
of the potato harvesting machine (Fig. 1), the biggest interest in the research is the system of
ploughshare with its drive mechanism [11]. Energy intensity of machine, the degree of
separated particles of the tuberous layer, etc., depends on the efficiency of this working body.

We will build the engineering method of researching the kinematic parameters of the
working body based on the principle from the energy input into the system to the interaction
of the working body with the environment that creates working resistance.

The ploughshare is driven from the tractor power takeoff shaft, the frequency of which
is n =540 rpm. The selection shaft is connected to the angular conical reducer with a gear
ratio i =1,25, Fig. 1.

Figure 1 — General appearance of the potato harvesting aggregate
Source: developed by the authors

Based on this, the frequency of the leading link of the drive will be

nl =—- (1)
1
If we go to the angular speed of the driving link (crank), then
zn,
=—1. 2
2 30 (2)

Based on considerations of the necessary amplitude of movement of the cutting edge
(17 mm), we accept the radius of the crank /, =/,, =0,0273 m.

For constructive reasons and the implementation of the physical design of the
ploughshare of the potato harvesting machine, the lengths of the links and the distance
between their supports are accepted according to the following kinematic scheme of the
ploughshare drive, Fig. 2.

For the kinematic analysis of such a mechanism, the simplest is the graphic-analytical
method of plans, which gives an idea of the values of velocities and accelerations [17]. This
method forms the basis of the proposed engineering methodology.

An important aspect in such a study is to identify the value of the links acting at any
point of the ploughshare or other points. For example, in addition to the magnitude of
velocities or accelerations, their directions as well. In the future, this will be of crucial
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importance for determining the "behavior" of soil particles and tubers on the ploughshare
plane, that is, it will determine the possibility of directional movement of such a mass and its
separation.

Therefore, using this method, we will establish the necessary kinematic parameters of
the studied quantities at characteristic points of the ploughshare plane [12]. In order to obtain
a general picture of changes in the velocities and accelerations of the links at certain points of
the ploughshare and its drive, now we will take a research step - this is a multiple rotation of
the crank is a multiple of 30 and ranges from 0 to 360°. Under these conditions, the
ploughshare will perform one complete cycle: forward (working) and reverse (idle) moving.

Now we will move on to determining the kinematic parameters.

For the initial position of the
@,

/_T_OW \ crank, we assume that it corresponds

2 (Ji:’ 0, to the extreme posterior deviation of
NN the  ploughshare  towards the
1\ ; - conveyor, that is, after which the
' / O ploughshare blade (working course)

will move towards the uncopied
tuberous formation. This position is
WA determined by the geometric
4 5 s construction on its kinematic scheme,
made to scale. We check the
correctness of the positions of the
oo links of such a mechanism on the
g I W physical design of the ploughshare
E drive.
A We assume that the tractor
G~ power takeoff shaft rotates at a
bD——" ¢ constant  angular  velocity and

Figure 2 — Kinematic scheme of the ploughshare drive @, = const .
Source: developed by the authors Then the linear (circular)

speed of the p. A of the crank will be

9,=w 1 . 3)

To find the velocities and accelerations for characteristic points belonging to the
ploughshare or connecting links of the drive mechanism, vector systems of equations are
written, which we will use to solve:

5 -3 43 :
e 4)
5 = VYo, T '9302-
O = Oy + S )
E ~ Vo, +‘9503-

The following notations are used here: 93 — vector of absolute (within the drive

mechanism) velocity p. B ; gB , — vector of relative velocity p. B relative to p. 4 . The
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notation for the remaining points is in accordance with the kinematic diagram, Fig. 2.

The main idea of the proposed graphic-analytical method of plans is that unknown
velocities can be found by having some of the values of the velocities and for others only their
directions. The methodology of the method of plans is known [17] and therefore we will not
give its sequence.

Describing the drive mechanism of the ploughshare, we present the dependencies and
main results of determining the kinematic parameters of this mechanism. Solutions of systems
(4) and (5) are obtained by sequentially calculating the numerical values of the desired
velocities of the points and constructing their vectors on the velocity plane in the accepted
scale. An example of a velocity plan (Fig. 3) will be given below after describing the
procedure for determining all the velocities of the characteristic points of the links.

The angular velocity of the connecting rod @, (link 2) is found by the value of the
relative velocity p. B relative to p. 4, the expression will have the form

w0, = f_ (6)

BA

Similarly, we find the angular velocity of link 3 ,, through the obtained value of the

relative velocity p. B relative to the support O,

9
w, = —80, (7)

ZBO2
Next, solving the problem, we see that p. F also belongs to link 3, which means that
its angular velocity is equal to ;.

It is known that circular velocities are proportional to the length of the links, so to
determine the velocity, the following ratio will be valid ¢, =9,

/
’9F02 =2 ‘9302 : )

11302

The obtained relative velocities of the points allow us to determine the angular
velocities of the corresponding links.
The angular velocity o, of the plane of the ploughshare will be determined by the

expression
w, = pr ' (9)
ZEF
The angular velocity of the rear suspension of the ploughshare (link 5) will be
9
lE03

As it can be seen from Fig. 2, the fourth link FE is not in the plane of the base of the
ploughshare, but only conditionally connects the points of the hinge joints with the
suspensions. The ploughshare design itself is trough-shaped and therefore its actual working
plane is lower. In Fig. 2 it is conventionally marked by the line GH , which belongs to this
plane. Thus, it is necessary to determine the velocity in p. G — this is the point of the
ploughshare blade, p. K — the middle of its base, p. H — the point of the rear edge of the
ploughshare.
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Since the formed figure GFEH is a solid body described by the characteristic points
of the ploughshare, such a figure has the same angular velocity as link 4 FE .
It follows that the relative velocity of p. G with relative to p. F will be

[
or =g =0y Loy - (11)

EF

In a similar way, we determine the relative velocity of p. H and p. K

/
‘9HF :‘9EFi:a)4 'lHF > (12)

Sir ZSEFIK_Fszt'ZHF' (13)
EF

Absolute velocities p. H and p. K are determined from the velocity plan, Fig. 3.

And another characteristic point of the ploughshare drive mechanism is the extreme p.
D of the active sidewall. The role of such a link in the ploughshare mechanism is to separate
the tuberous layer from the main mass of soil for further facilitated digging.

In the same way we approach the determination of this velocity. Since p. D belongs to
link 3, which has a complex configuration, its angular velocity will be equal to @, . The

expression of the velocity for p. D will have the form

l
Gy =Gpo, = Wslpo, = Fro, 2 (14)

[ FO,

Hence, the method of determining the
4 speeds for all characteristic points of the links
of the vibrating ploughshare drive mechanism
\ was described. All key relationships are
\ recorded here, which allow a simple way to
establish the value and direction of the velocity

\ of any points of interest to the researcher.
For example, we will show the velocity

B plan at the crank position ¢, =30", Fig. 3.
;”ézm kT 4 Such a velocity plan can be obtained for
L any position of the drive crank as a leading link
ik~ . . . .
AP and determine the velocity of an arbitrary point

g

Figure 3 — Velocity plan of the ploughshare belonging to the ploughshare drive mechanism.

According to the results of the study, a
number of values of linear and angular
velocities were obtained. Fig. 4 shows the
graphical dependences of the obtained angular

drive mechanism (¢, =30°)
Source: developed by the authors

velocities of the drive mechanism links.

All the necessary linear velocities of the points of the links were also found, which is
convenient for implementing the task of studying the processes performed by the ploughshare
as a working body.
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Figure 4 — Graphical dependences of changes in angular velocities of links

Source: developed by the authors

Determining the velocities of the points as a prerequisite for determining accelerations,
parameters that we will operate directly to analyze the efficiency of such a mechanism. Let us
move on to determining the values and directions of the accelerations of the same
characteristic points.

To find the accelerations of points belonging to this mechanism, we first need to
compose vector systems of equations, which we will use to solve:

- = —n i S

g =a,+taz, +dg,; (15)
- = —n =T

dy=dg, +dp, +dg, -

- - = -n =T .

dp=0a, +dg +dg; (16)
- - = ->n =T

Ay =dy +dgy +dg,

Here are denoted: a, — the vector of absolute (within the drive mechanism)

acceleration of p. B, ay,, d,, — in accordance, the normal and tangential components of the

total (modulus) acceleration of p. B in obedience to p. 4. The remaining notations are
similar and assigned to the corresponding points, Fig. 2.

To solve system (15), it is first necessary to determine the normal components of the
total accelerations:

2
T (17)
L,
192
agoz e (18)
lBOZ

The tangential components of these accelerations will be found from the acceleration
plan (Fig. 5), which will also be given after the description of the entire procedure for finding
accelerations for characteristic points of the drive mechanism.

Then the total (modulus) accelerations:

ap=lap, ) +(ag, ) (19)
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Apo, = \/ (a)’;o2 )2 + (0202 )2 (20)

Having the tangential components of the accelerations, we determine the angular
accelerations of the links:

— for link 2
PR 1)
ZBA
— for link 3
g =220 (22)
ZBOZ

It is worth noting that & =0, because @, = const.

Now we will solve the second system of vector equations (16).
We determine the acceleration p. F', which belongs to link 3.
Now we will write an expression for determining the normal component of the

acceleration ay,, through the previously determined velocities of the corresponding points.

l92
o, =7 @3
Iro,
Its tangential component will be determined by
ajvoz =& 'IFOZ- (24)
Then the total acceleration is p. F
ay = o, =ato, f +aio, (25)
Next, it is needed to determine the normal components of the remaining accelerations:
2
=i, 6)
ZEF
192
Fo. £0s (27)
IEo3

The tangential components of the considered accelerations are determined from the
acceleration plan, for instance Fig. 5
The total accelerations will be:

App = (aZ‘F )2 + (aEF)Z > (28)

o, =\ako, } +(ao, f. (29)

Based on the obtained tangential acceleration components, we determine the angular
accelerations of links 4 and 5:
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g, = £ (30)
ZEF

g, = 2E0 31)
EO,

The acceleration of p. G relative to p. F we will write in this form
dop = dgr + dgp - (32)

where a,. is a normal component of acceleration ay,
32
GF .
aty =S (33)
GF

ag, 1s a tangential component.

We will define this component through the angular acceleration of link 4, because p.
G belongs to it

g =&, lop. (34)

Then the total acceleration is suitably (32)

age =la f +(ag, ). (35)

Similarly, we find the acceleration a,..

Aur = \/(a;m )2 + (airiF )2 > (36)

where a;,. is a normal component of acceleration a,

'92
aZIF = _HE ; (37)
lHF
a, is a tangential component
e = &4 Ly (38)

Another characteristic point of the mechanism under consideration is p. D, it belongs
to the cutting edge of the active side of the ploughshare, its acceleration will be

o, = =(aho, | + (a5, ) (39)

where a;,, 1s a normal component of acceleration a
DO, DO,
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2
an — l9D02 ) (40)

DO,

Lo,

The tangential component of this acceleration is determined through the angular
acceleration &, of link 3

agoz =& Ipg,- (41)

-
a

Figure 5 — Plan of accelerations of the ploughshare drive mechanism (¢, =30°)
Source: developed by the authors

Thus, the velocities and accelerations for the characteristic points of the ploughshare
drive mechanism were found.

Now an important aspect will be to observe how the determined kinematic parameters
will change during the working cycle of the ploughshare. For example, the nature of the
change in accelerations will determine the directional movement of the particle along its
plane, Fig. 6.

\ ¢ "\ Y/
4 \
\:/ \W

a

Modular acceleration values, m/s"2
I

i} 30 a0 a0 120 1530 180 210 240 | 270 | 300 | 330 360

—4—{3 365 164 | 143 | 269102 147 170 143 102 273|883 | 177 355
-k 222 (178|152 1.9 11 15,1 193 16,0 109 1,67 | 10 | 188 2272
H 288 2301|207 (207 10,9 234 250 209 11,7 163129 | 216 28%

Figure 6 — Change in accelerations at characteristic points of the ploughshare plane
Source: developed by the authors

In addition, it is worth monitoring the change in accelerations that occur in the p. G
belonging to the ploughshare blade, and the p. D of the active sidewall, the work of which
will cause the effect of separating the tuberous layer when digging it, Fig. 7.
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Figure 7 — Accelerationp. D andp. G
Source: developed by the authors

To identify the moments of inertia of the links and determine the tangential
components of any points belonging to the links of the ploughshare drive mechanism, it is
advisable to indicate the values of the angular accelerations of the links, Fig. 8.

Angular necelerations, radés”2

Crank roetation angle |, deg

Figure 8 —Angular accelerations of drive mechanism links
Source: developed by the authors

Thus, the presented engineering methodology for studying the kinematic parameters of
the ploughshare drive mechanism allows us to describe the patterns of interaction of the links
of such a mechanism and characterize the linear, angular velocities and accelerations of any
points or links of the mechanism under study. The obtained kinematic parameters have scalar
values and directions, which allow the researcher to more fully understand their influence on
the process under study.

Conclusions The developed engineering methodology for studying the kinematic
parameters of the ploughshare drive mechanism is based on the graph analytic method of
plans. The advantage of this method is that velocities or accelerations can be determined for
any point belonging to the links of the mechanism without using complex analytical
descriptions.

Based on the above method, the linear velocities of the characteristic points of the
mechanism in all its positions with the crankshaft rotation step were determined ¢, =30°.

Here are the ranges of velocity values for characteristic points of the working plane of
the ploughshare: p. G — 4, =0...0,42 m/s; p. H — 9, =0...0,58 m/s.

Here are the ranges of velocity values for characteristic points of the working plane of
the ploughshare: p. G — 9, =0...0,42 m/s; p. H — 9, =0...0,58 m/s.
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Angular velocities of the mechanism links:
link 2 — @, = 0,32...3,9 rad/s; link 3 — @, =0...3,21 rad/s, link 4 — @, =0...0,72 rad/s;

link 5— @, =0...1,42 rad/s.

Acceleration of characteristic points: p. G — a; =2,69..36,5 m/s%; p. K —

a, =19..222 m/s*;p. H — a,, =1,65..28,8 m/s*;p.D — a, =6,2...62,6 m/s’.

Angular accelerations of links:
link 2 - &, =0..190,5 rad/s>; link 3 - & =12,4...162,5 rad/s>; link 4 —

&, =4,84..38,5 rad/s’; link 5 — & =3,55...68,8 rad/s’.

The obtained values will be used as the basis for further research into the behavior of a

tuberous layer particle on the plane of the ploughshare in order to determine the parameters to
ensure its directional movement and separation intensity
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InkeHepHa MeTOAMKA [OCHIIKEHHS KiHEMATHYHHUX MapaMeTpiB po0d04Y0ro OpraHy

KApTOIIe30MpPaIbHOI MAIIMHH

HeoOxinHicTh BUKOHYBaTH JOCHIAHHMIBKI POOOTHM 3 MOMIYKY HOBHX PpIlIEHb sl OTPUMaHHS
ONTHUMAIBHUX KOHCTPYKLIH KapToruie30MpajibHAX MAllMH BUHHMKIA 3 MOTPe0OI0 MiJBHILICHHS piBHA
3a20e31e4eHOCT] 30MPATBHOI0 TEXHIKOI BUPOOHUKIB Y IMiJACOOHUX YM HEBEIHMKHX (PepMEPCHKHX TOCIIONapCTBax.
[Ipobnema yCKIAmHIOETBCS THM, MO Taka MalldHAa IIOBMHHA arperaryBaTHUCS 3 MaJOCHEProHaCHYECHHMH
TpakTOopaMu TsroBoro kimacy 0,6 T Ta Menme. Tomy mpu OOIpyHTYBaHHI IapaMeTpiB 3alpOIOHOBAaHOL
KOHCTPYKIIii KapTOIUIeKOIaya pillieHHs MalOTh OyTH J0Ope 3BaXCHUMH Ta MPUHHATAMHU Ha OCHOBI IEpPEeBipeHUX
IHKeHEePHUX METOIWK U aHaJli3y Ta OCHOBHUX MiAXOIB 10 KOHCTPYIOBAHHS CLIBCHKOTOCIIONAPCHKOT TEXHIKH.

Y poboTi HaBe#EHO IHXKEHEPHY METONWKY OCII/KEHHS KiHEMAaTHYHHX IIapaMeTpiB NPHBOIHOTO
MeXaHi3My JieMemia sSK OCHOBHOTO pPOo00Y0ro opraHy oOIHOpsaHOI KapTorure30upanpHOi MammHH. CyTh
IH)KEHEpHOT METOAMKH TIOJISrae B TOMY, LIO BOHA 0a3yeTbcsi Ha rpadoaHaliTHYHOMY METOJl IUIaHIB MpH
JOCHI/DKEHH] KiHeMaTnyHuX MexaHi3miB. Jlist ¢i3ndHOi KOHCTPYKLIl NPHBOIHOIO MeXaHIi3My JieMelna
KapToIuieKkonaya 3po0JIeHO TEOPETUYHI OMMCH Ta MOOYAOBAHO IUIAHM IUBUAKOCTEH 1 IPUCKOpPEHb, MO /A€
MOXJIMBICTh JIOCHIJHUKY OTpHMaTd BKa3aHi KiHEMaTH4HI HapaMeTpu Uil OyIb-SKHX TOYOK JIAHOK JIaHOTO
MexaHi3My. Y MiICYMKYy OTPHMaHO psii 3HaueHb KiHEMaTHMYHHUX MapaMeTpiB, L0 XapaKTepH3yIOTh poOoTy
JAHOTO MeEXaHi3My Ta Ha OCHOBI SIKMX BHKOHYETBCS aHalli3 TEXHOJIOTIYHOi e(eKTUBHOCTI Jemera
KapToIuie301paabHOI MalllMHH.

TakuMm YMHOM, HaBeICHA iH)KEHEpHAa METOMWKA JOCIHIIKEHHS KiHEMaTHYHUX MapaMeTpiB MeXaHi3My
MIPHUBOJY JIEMeIIa JO3BOJISIE OMMCATH 3aKOHOMIPHOCTI B3a€MO/IiT JTJAHOK TAaKOTO MEXaHi3My Ta OXapaKTepU3yBaTh
JiHIfHI, KyTOBI IMIBUIKOCTI Ta MPUCKOPEHHS OYIb-IKHX TOYOK UM JIAHOK JOCITI[KyBaHOTO MexaHizmy. OTpumani
KIHEeMaTU4HI TapamMeTpd MaloTh BH3HAUYEHI CKAIsApHI 3HAYEHHS Ta HANPSMKH BEKTOPIB, IO JO3BOJISIE
JOCTITHUKY OLTBII TIOBHO 30pi€HTYBATHCH PO iX BIUIMB HA JOCIHIIKyBaHUHN mporec. [lepeBaroro Takoro MeTomy
€ Te, W0 LIBUIKOCTI YM TNPUCKOPEHHS MOXKHA BU3HAYUTU Ui OyAb-sIKOI TOUYKH, IO HAIEKHUTh JIAHKaM
MeXaHi3My, HE 3aCTOCOBYIOUH CKJIaHMX aHAIITHYHUX ONHUCiB. Ha OCHOBI HaBeJeHOT MeTOAMKH OyJIM BU3HAYCHI
JHIAHI IIBUAKOCTI XapaKTEPHUX TOYOK MEXaHi3My Yy BCIX HOro IOJIOXKEHHSX, KYTOBI LIBHIKOCTI JIAHOK,
MPUCKOPEHHS TOYOK Ta KyTOBI IPUCKOPEHHS JT1aHOK. OTpHMaHi 3HaYeHHI € OCHOBOIO IOJAJIBIIOT0 JOCIIHKEHHS
MOBE/IIHKM YacTUHKH OyJIbO0OHOCHOTO IIacTa Ha IUIONIMHI JIEMENIa 3 METOI0 BU3HAYEHHs IMapameTpiB s
3a0e3ne4yeHHst Horo HalpaBJIeHOTO PyXy Ta IHTEHCHBHOCTI cenapariii.

KapToIJisi, KapTonje30upajibHa MallWHA, KiHeMaTH4Hi MapaMeTpH, MBUAKICTh, MPHUCKOPEHHs, JeMmill,
KPHMBOLINI, IPUBOAHUI MeXaHi3M, po00YHii OpraH, iHkeHepHA MeTOAUKA
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