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Annotation

The article presents data on the effect of disk header installation on the
cultivation quality. Influence of speed of aggregate movement, impinging angle of disk
and depth cultivation on agrotechnical indicators is shown. It is established that as the
speed of the aggregate increases, the degree of soil crumbling increases at all
impinging angle of disk. There is an improvement in plant residues up to 68% with an
increase in the speed of the aggregate movementwhile increasing the indicators at
leveling of the field surface. The obtained theoretical dependences are confirmed by

the results of experimental studies.
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Relevance

When performing minimal tillage
with disking single-row harrows MDH-
7, MDH-10, which performs multiple
passes through the field in order to
receive loosing and weed-free soil are
used[1].

To reduce the number of passes
across the field, completely new multi-

The scheme of the technological
process of cultivating the soil with a
four-row disk header is shown in Fig.1

row disk tools of the MDH series were
developed with disks located on
separate racks and regulating the
impinging angle of disk and the width
of the disk's grip by a parallelogram
mechanism with a depth of processing
from 10 to 16 cm.

taking into account a technical
characteristic and agrotechnical
indicators



Materials and research methodology

The distance between the centers
of the disks in each row L, the
displacement of the disks of each row
M, the formation of the furrow bottom
profile with a disk of diameter D, on
the processing depth a, and the angle
of the disk position to the direction of
motion a, the height of the ridgeness

when

n=4 — number of rows of a disk header.
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of furrow bottomh (Figure 2), affecting
on the quality of soil cultivation [3, 4,
5].

Let us determine the
displacement axes of disks for a four-
row disk header.

m = L/n, (1)

Figure 1 - Scheme of the technological process of tillage

with disks in the horizontal plane

We determine the height of the
surface irregularity h from the
following assumptions (Figure 3), the
centers of two disks of the first and
second rows, with radius R = R1 = R2

located at a distance of m from each
other, and the point C is the
intersection point of two circles with
these radii. The coordinates of the
point C correspond to coordinates of
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the height of the surface irregularity coordinates of the point C from ratios
furrow bottom h. We find the
Ri=aitrf ()

R

(—m)P+y = (3)

Fa ba

where
y =, = ¥, Since the depth of the disk motion (depth of cultivation) is constant
Xq=Xp—m, (4)
where
m —distance between the centers of traces of the neighboring disks

Then we will receive the equation

- Lt e 3 Lo

of

m

ol

S S

Figure 2 - Formation of the furrow bottom during cultivation with a disc
header:

L —distance between the disks in the row; m — distance between traces of the
neighboring disks; a —depth of cultivation; h — height of ridgeness of furrow bottom
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after passage of four rows of disks; H — height of ridgeness of furrow bottom after
passage of the first row of disks.
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Figure 3 - Scheme for determination of the ridgeness height of furrow bottom
after the passage of disk header

x4y = (x— m)2+ v (5)

Figure 3 shows that the coordinates x and y, x1 and y can be determined
=X = ?; (6)

xf = (x, —m)¥ (7)

w=R-af (8)

after transformation we will receive
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Knowing the coordinates of the point C, we find the height of the ridgeness of
furrow bottom

h=R—-y=1(D-vD7—m?)(10)

Research results

Based on the results of the the irregularities on the diameter of the
calculation of equation (1), the disk D were obtained for different
graphics dependence of the height of



distances between the centers of the traces of neighboring disks m (Fig. 4).
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Figure 4 - Changes of height of the ridgeness of furrow bottom depending on
diameter of a disk D at various distances between traces of disks m
1 -m=100 mm; 2 —= m=200 mm; 3 — m=400 mm

From the graph it can be seen
that the optimal distance between the
traces of the neighboring disks in the
row.

For the further solution of a
task of optimum arrangement

working bodies of a disk header on a
frame of the tool we will determine
coverage of a disk at the level of the
field surface (Figure 5):

R = (f.i;:) +(R-a)7 (11)

-
&

after ransformation and calculation

b:’.

& b)z =rRI—(R-a)% (12)

— = R2—(R2- 2Ra+a?) = 4(Da—a?); (13)

from where we will receive the equation for determination of disks width

b=2/a(D—a). (14)



Figure 5 - Width of disk at the level of the field surface

with a depth of cultivation a

Figure 6 shows graphs of the dependence of disk width on cultivation in a
section perpendicular to the plane of the disk, obtained from equation (14).
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Figure 6 - Width of disk in section, perpendicularto
the disk planes, depending on the depth of the motion of disksa

with diameters of disks of D:
1-D=0,7wm;2-D=0,56 m

Analysis of graphical
dependencies allows us to conclude
that the width of disk in the section
perpendicular to the disk plane
increases with increasing depth of
cultivation.

When installing the disc at an
angle a to the direction of movement
(a - impinging angle), it is necessary
to reduce all the equations obtained
above to the direction perpendicular to
the movement of the tool — V(Figure
7).



Figure 7 - Scheme for determining the width of disk with impinging angle of disk o

The width of disk at the level of the field surface

b, = bsina = Zsina\.-m, (15)
where
b, —width of disk in a direction perpendicular to the movement of the tool, m.
Figure 8 shows the graphs of the dependence width of disk on the impinging
angle.
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Figure 8 - Changes of the disk width
depending on an impinging angle o °
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at various meanings for a depth of disk motion at D=0,7 m:

1- a=0,20m; 2 -2a=0,15mm; 3—a=0,10 m

Thus, the impinging angle of disk
a ° has the same effect on the width of
disk b, at different depth of cultivation
a.

If the angle o = 0°, then b, = 0.
That is, the disk forms a furrow with a
width of disks equal to the width of the
spherical disk b (Figure 10b), and the
gap between the traces of the disks
remains untreated.

Low-quality soil cultivation (galls)
is possible if the distance between the
traces of adjacent disks is incorrectly
chosen, when m>Db,(Figure 9).

At m = Db,, the point of the joint of
traces of disks is on the surface of the
field (Figures 9b, 10b). In this case, the

height of the irregularities is equal to
the depth of cultivation, that is, h = a.
For m <b,, the traces of two
neighboring discs overlap (Figures 9c,
10a) at some distance from the field
surface.
The size of overlap 4 = b,-m.

The larger size A, the smaller
height of unevenness of a field surface
after the passage of the tool (Figure 9),
determined by equation (1). The actual
height of the unevenness of the furrow
bottom after the passage of the disc
header is within the range 0 = h = a.



b b, Figure 9 - Matching the disk width b,
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Figure 10 - Operating position of disks of neighboring traces:
by1 — working width of disk 1;
by, — working width of disk 2 (at a given impinging angle);
m — distance between axes of neighboring traces;
A - size of overlap at the furrow bottom

Spherical discs of disc headers wrap the opposite in the direction of a disc
soil layer like a dump body of a plow, header. In this case, when the disc
and therefore the impinging angle of header passes, the soil layer falls off by

each row of the discs is equal and



the disks of each row into the furrow of
the previous row.

Theoretical studies found that the
obtained parameters of the construction
of the disc header provide high-quality
soil cultivation. Recommended design
parameters: the distance between the
disks in the row is not more than 0.425
m, the distance from the frame to the
disk axis is 0.55 m, the distance
between the rows is not more than 0.7
m [7, 8].

Figure 1 shows the scheme of
soil movement in the horizontal plane.
Good quality of soil layer rotation,
ridgeness of field surface is achieved
when all discs are equal in height and
the specified distance between the axes
of the disc traces is maintained.

Table 1 - Agrotechnical indicators of work a
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Thus, the relation of constructive
and technological parameters of a disk
header with indicators of technological
process is established that allows to
choose the best option by criterion a
quality of operation [9, 10, 11].

The received theoretical
dependences have been experimentally
confirmed.

The results of experimental
studies of the effect a impinging angle
on agrotechnical indicators and tractive
resistance are presented in Tables 1, 2,
and 3.

When processing a dense, dry
deposit, the depth of -cultivation
decreases with the same setting
parameters of the disk header.

disk header MDH 6 x 4 in the aggregate with a tractor K-700A

at a different impinging angle

Indicators Impinging angle of disk, o°

15 25 30
Depth of cultivation, cm 8 12 16
Mean square deviation of a depth
of cultivation, cm 1,2-1,8 1,6-1,8 1,5-19
Ridgeness of field surface, cm

3,2-5,0 1,8-2,5 2,7-4,8
Trash burial, % 12-23 42-48 52-68
The number of soil fractions after
the passage of the disc header, %:
- less than 10 mm in size 12-19 9,7-16,8 16,5-19
- the size of 10-25 mm 30-59 76,4-78 50-64
- the size of 25-50 mm 10-28 7,4-8,2 9,2-15,5
- larger than 50 mm 12-23 4,6 7,7-18,3
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It is established that with increasing plowing speed, the degree of crumbling of
the soil increases at all impinging angles of disks. At thespeed of more than 10 km /
h, good soil pulverization was noted at all impinging angles of disks examined
(bolster of soil less than 25 mm in size are more than 70%). Disc headers in all modes
of operation provide up to 96% cutting of weeds .

Table 2 - Agrotechnical indicators of MDH 4 x 4 disk header’s work in the aggregate
with the tractor RTM-160 at different impinging angle and different speeds of
movement

depth of 5- 10-
cultivation cm 0-5 10 15 15-20
19, 20,
humidity, % 1931 157 | |4 20,1
0,71 2,4 3,6
hardness, MPa 6 3 23 4,52
ridgeness of ridgeness of furrow
Transmi | depth of cultivation, | field surface, | bottom,
ssion Working | ¢y cm cm
Impin speed esta
ging blis
angle hed | measured
avera avera
a,grad V,km/ [a aav |O ge o ge o
e h
Without packing wheel
I-11 524 |6 522 |1,726 |9,6 1,252 | 14,915 | 1,469
10 I-111 9,04 |6 6,25 |2,013 |9,0 1,420 | 15,731 | 1,723
16,095
-1V 147 |6 7,25 |2,189 | 8,8 1,550 |1 1,977
502 |6 7,27 {3,363 | 7,3 2,297 | 14,322 | 1,48
11 4,84 |10 841 |3,195 | 7,6 2,569 | 16,02 | 2,42
20 3,87 |12 10,93 | 3,412 | 6,9 255 [1892 232
45 |18 1319 |351 |69 |2,648 | 2016 | 2,05
N 764 |6 6,95 |3,112 | 6,9 2,391 | 14,536 | 2,13
6,3 10 9,45 |3,056 |74 2,415 | 1523 | 2,01
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7,46 |12 1537 [322 |75 2,153 | 22,878 | 2,18

30 I-11 46 |12 13,68 | 2,893 |75 2,746 | 21,158 | 1,1
I-111 853 |8 10,2 | 2,967 |74 1,884 | 18,83 | 1,25
h,cMm
¢
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Figure 11 - Change of the ridgeness of field surface (h;iqg) from the working
speed of RTM-160 + MDH-4 x 4 aggregate (o = 30°, a =0.10 m)

The speed of movement of the aggregate significantly influences the
plowing of the arable land: at a plowing speed of 8 km / h the ridgeness was 2.1
cm, and at the speed of 11 km / h - 1.5 cm (Figure 11). As the speed increases,
plant residues are improved (at the indicated speeds of 52 and 68%, respectively).
Simultaneously, the leveling of the field surface is improved (Fig. 12, 13).
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at the speed of 6.2 km / h
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at the speed of 8,7 km/ h

Conclusion

As a result of testing and
processing of experimental data, it has
been established that agrotechnical
indicators of quality of a disk header

Figur 13- Rldness of field surface after passing the disc header

- T —

feld surface after pssing the disc header

work in all operating conditions
satisfy agrotechnical requirements:

- ensures the stability of the
disk header motion along the depth
and width of disk;
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- good soil pulverization is - a small ridgeness of field

ensured with a very low content of surface is achieved (1.5-2.0 cm
dust particles (<5%); depending on the speed of
- satisfactory sealing of plant movement).

residues is ensured (up to 68%);
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TepT KaTapJibl AMCKIII OPra”HIapbIHbIH TONBIPAKTHI CANIAJIbI OHIEYTe
acep ertyi

B.B. Bneonvix ' — PFA akademuzi, m.2.9., npogeccop,
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! Opan oymycmix memaekemmik azpapavlk YHUSEPCUMemi

e Cetighynnun amvindazol Kazax azpomexHuKaiblK YHUGepcumemi

Tyiiin

TepTkapabl auCKaTOp AMCKIIEPI OCIHIH ayBITKY IIaMachlHA, JUCKUIEPAIH
TUaMEeTpiHe J>KOHE MHCKIJIEp eHiHe OalaHBICThl SKBIPTBUIFAH TOMBIpAK TYO1
Tericci3fiepAiy, OMIKTIIT TEOpHs JKY3IHIE AaHBIKTAJBIN, SKCIEPUMEHT TYPIHAC
pacTaiFraH.

TomnbIpakThl ©HACY/IH canackl MEH apaMIlelTi )KOKFa acep eTe/ll: AUCKIIEp
OPTAJBIKTAPBIHBIH apa KaIIbIKTBIFBI, Op KAaTapJblH BIFBICYBI, JUCKIHIH JHAMETpi
MEH TOTBIPaKThl oHey Ke3iHae 10-16 cM KalabIHIBIKTaFbl JUCKUTEPAIH OpHAIaCyHI.

TepTkarapiabsl AUCKUIEPMEH TOMBIPAKTH OHACYIE AMCKIIEp MEH Kepili
JCKIIEp 137EpiHIH apa KalIbIKTBIFBI KOHE KBIPTHUIFAH Kep TyO1 TEriCcCi3MIriHIH
TYO1 TeOpHs KY31HAE HET13/IEIII 9p1 aHBIKTAJIFaH.

Teopusansik 3epTTEyiep HOTHXKECIH/IE KBIPTHUIFAH TOTIBIPAK TYO1 TeTicCi3Airi
OWIKTITIHIH JTUCKUIEp JUAMETPIHIH op TYPJl KalIbIKTBIFBIHAA JUCKUIEPIIH
JTUaMeTpiHe TOYeAQITIHIH Tpaduri xKacairaH.

JluckinepaiH auaMeTpiiepl MEH OopHajacy OYpBINIbI Kapal >Kepial KBIPTY
KQJIBIH/IBIFBIHA OQMIaHBICTBI JTUCKIIEPAIH OHJSY €HI aHbIKTaaraH. JluckinepiH
OHJICY C€HIHE JKOHE KepIll JUCKUIEp I13E€piHIH ©C apajblK KallbIKThIFbIHA
OailJIaHBICTBI KOPII1 AUCKIIEP/IIH OPHATIACYBI HET13/IEITEH.

TompIpakThl ycakTay >KOHE apaMIeKTI KeCy camachblHa ocep eTeTiH
JTUCKIJIEPIIH OpHaIacy OYpbIIIbI, apa KalIbIKTHIFI dKOHE JUaMETpIHE OalIaHbICTHI
TEOPUSUIBIK ~ JKOHE  DOKCIIEPUMEHTTIK 3€pTTeyJiep HEri3iHAe  TepTKaTapJbl
JTUCKATOP/IBIH OHTAMIIBI TTapaMeTpiIepi TaFalbIH/TaIFaH.

Kinrrik ce3mep: eHaey TepeHJiri, Kyhek TYOIHIH OpPKEJKUIri, eriCTIK
OCTiHIH  OPKEJKIJIIri, JIACKaTOp, arperarTblH  KO3Fally  KbUIJIAMJIBIFHI,
TabaKagapabiH €Hy OYPHIIIIbL.

Bausinue 4yeThIpexXpsiIHBIX JUCKOBBIX PA00YHUX OPraHOB HA KA4eCTBO
00padoOTKH MOYBbI

B.B. Bneonwix' - axademux PAH, 0.m.n., npogeccop,
II.T. Céeunuroe * — 0.m.u, npogeccop,
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B.H. Boiinos" - k.m.u., npogpeccop,

Tanumoea P..% % - K.m.H., 00ueHm,

T'anumosa P.®. % - mazucmp

! FOoucno-Ypanvckuii 2ocydapcmeennvlii azpaphbiil yHugepcumen
? Kasaxckuii azpomexnuyeckuti yuusepcumem um.C.Celipynnuna

Pe3iome

TeopeTnueckn ompeneneHbl U AKCIEPUMEHTAIbHO TMOATBEPKACHBI BHICOTA
HEPOBHOCTEW JHA OOpO31bl, 3aBHUCSIIME OT BEJIMYMHBI CMEIIECHUS OCEH JIHMCKOB
YETBIPEXPAIHOTO JIMCKATOpa, JUamMeTpa JAUCKOB M IIMPUHBI 3axBaTa JHUCKa Ha
YpOBHE TIOBEPXHOCTH TOJSI.

Ha xadectBO 00pa0OTKM IOYBBI M YHHUUYTOKEHHE COPHSAKOB BIUSIOT:
paccTosiHuEe MEX]y LIEHTpaMH JIMCKOB, CMEIIEHHE KaXA0ro psjaa, JUaMeTp AucKa
Y YToJI aTaKy MPU BBITIOJIHEHUH 00pa0oTKy Ha TiiyouHy oT 10 1o 16 canTuMeTpoB.

B TexHonmormyeckoM mponecce O0O0paOOTKH TOYBBI  YETHIPEXPSAHBIMU
JTUCKaMHU TOPU30HTAIBHOM TUIOCKOCTA TEOPETUYECKH OOOCHOBAHBI M OTPEAEIICHBI
PacCTOSHUS MEXKIY TUCKAMH B PSAY U MEXKIY ClIeJaMU COCETHUX JMCKOB, BBICOTA
HEPOBHOCTEH JTHA OOPO3/IBI IEPBOTO U MOCTEAYIOUINX PSAAOB JUCKOBOW OOPOHHI.

B  pe3ynbrare TEOpPETHMYECKUX  MCCIEIOBAHUNM  MOJMYyYEHbl Ipaduku
3aBHCHMOCTH BBICOTHI HEPOBHOCTEH JHAa OOpO3MABI OT JAMaMeTpa TUCKOB OOPOHBI
IpU Pa3IUYHBIX PACCTOSHHUSIX MEXKIY IIEHTpaMH CJIE0OB COCETHUX JHCKOB.
OmnpeneneHa MUpPUHA 3aXBaTa MCKa B 3aBUCUMOCTU OT TIIyOHMHBI 00pabOTKH Mpu
Pa3HBIX JAMAMETPax JUCKA U YCTAaHOBKH JMCKA TMOJ YIJIOM aTaKu K HAIpPaBIICHUIO
IBUKEHUs] 60poHBl. OOOCHOBAHO MOJIOKEHUE COCETHUX JAUCKOB B 3aBUCUMOCTH OT
IIMPUHBI 3aXBaTa AUCKa U PACCTOSHUS MEX]Ly OCSIMU CJIEJOB COCEHUX JHUCKOB.

Ha ocHOBaHMU TEOpPETMYECKHX U HKCHEPUMEHTAJIbHBIX HCCIEIOBAHUN
YCTAaHOBJICHBl ~ ONTHUMAJIbHBIE TapaMeTpbl  YETHIPEXPSAHOTO  JUCKATOpa B
3aBHCHUMOCTH OT yTJia aTaKH, PaCCTOSHUS MEXAY pslaMd U JHaMeTpaMH JHUCKOB,
BJIMSIIONINX HA KAYECTBO KPOIICHHS TIOYBBI U TIOJIPE3aHUS COPHSIKOB.

KiioueBble cioBa: riayOuHa o0paOOTKH, TPEeOHUCTOCTH JHA OOpPO3.HbI,
TpeOHNUCTOCTh TMOBEPXHOCTH OIS, JTUCKATOP, CKOPOCTh MBMIKECHHUS arperara, yroi
aTaku JUCKOB.



