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Abstract. The purpose is approximation of
mathematical model of processes of cutting and
loosening of the soil for the receipt of analytical
dependence of determination of critical depth of
loosening taking into account the working speed
at the combined tiered destruction of soil. An ap-
proximation based on regression analysis used in
the processing of data derived from experiments
with a number of parallel observations in the ex-
periment. Built graph of the dependency between
relative critical depth, working speed of the work-
ing body and angle cutting soil. Identify the value
of critical depth loosening for five types of sall
and full range of working speeds, depending on
the physical and mechanical properties of the soil.

Keywords: angle cutting, depth loosening, op-
erating speed, critical depth, free cutting, blatke
cutting, combined cutting

INTRODUCTION

To eliminate the overcritical zone soil
loosening and reduce the energy workflow [1
— 3, 22], need to know the critical depth of
cutting depending on cut conditions (upper
lower tier) and initial data for soil and speed
of the working body [4 — 7]. Process of tiered
combined cutting soil and mathematical mod-
el of determination the critical depth of loos-
ening were examined and described in previ-
ous articles [8, 9, 20].
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To study the combined critical depth con-
sidering working speed was considered the
destruction of soil unpin based on scheme
(Fig.1), at the same time as the initial condi-
tions were accepted the following assump-
tions:

1) soil - homogeneous isotropic medium
characterized clutch, external and internal
friction, density and moisture content;

2) the element of chip is viewing as a sol-
id body in the form of a triangular prism with
two symmetrical conical sectors on each
sides;
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3) the normal law of pressure distribution
on the frontal plane of the working body in
the chipping area is taken linear for the depth;

4) the critical depth is constant apart of
work of working body in landing mode or in
steady mode.

Because of these researches was obtained

mathematical model of the critical depth of
cut in the combined tiered destruction of soll
considering the working speed:

-B-+B%-4AC
th.K - 2A ' (1)
wherev, a,, y - speed, cutting angle shear

soil and cleaving soil angle; (look Fig.1y;,

— critical cutting speed at which changes the
nature of the destruction of soil [k -

p +cos3

sin(a

maximum soil pressure on the knife’s surface
in the upper tier by free-cutting process;,

— critical value of pressurdy, — width of the
knife; y.,, ¢ — specific gravity and friction
coefficient of soil; g — acceleration of grav-
ity; & — angle of soil external frictionp, —
angle of soil internal frictionk,, — the ratio

of the depth zone of guaranteed chipping soil
(Kyep= 0,9...0,95);qy — the minimum value
of pressure, acting on the surfadg;, hs,» -

depth of soil operation in a free and blocked
cutting respectivelyyy, v, — collapse zones
angles on combined cutting the soil in upper
and lower tiers respectively [21f, 6, A —

angles formed by lateral chipping plane with
the vertical plane.
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Fig.1. The scheme of interaction of a knife with soil ormment about combined cutting soil:
a — in the longitudinal plandg - in the transverse plane: the form of chip's element
in the knife hollowing process

Calculated value of the relative depth of whereb, — free member;
cleavage in view of working speed listed in by, by, b3, by 5, by 3, bysghy o5 — factors that take
the Table 1.

As the mathematical model is quite cum-
bersome and not easy to compute and further
research is necessary to make an approxima-
tion of the model. For realization of approxi-
mating will use the regression multivariate
analysis [11 — 13].

To determine théb — coefficient used re-
gression analysis based on the method of least

into account linear impact on the interaction
feedback factors of the first, second and third
orders [10].

Draw the transfer of levels™ factors natural
values in the code dimensionless quantities in
order to further build of standard matrix (Ta-
ble 2):

squares [18, 19]. X, = Xk = Xig , @3)
Will write the equation of theoretical AX

mathematical model of the critical depth of

cut COﬂSideI’ing the Speed in general VieW: Where X, — Coded Va'ues dk_factor’ Xk —

natural current value dfactor; Xy, = initial

Xmalx + ><min

y =l +bpq +byx; +byxg +
+DyoXg X + Dy 3% X3 +o3XoXs +,  (2) (zero) level X, =

+ b12,3X1X2X3 AX, - the interval of variation dé-factor.
the interval of variation df-factor [14 — 16].

- factor;
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After the coding level factors take values:
"1" - the upper level; "-1" - lower level; "0"

Regression coefficients calculated by the
formula:

— zero level. As zero level, take the center of

spacing, which conducted the study (Table 3). b, 1 Zn: @
= — yI y
. .. n =i
Table 1.Value ofrelative critical depth =
1 n
— b ==2 %V, (5)
Semi-solid loam niZ
m 10
sl o | 1 2 3 4 | 518 biy :HZ XXy Yi (6)
i=1
OLp, 10
20 [890|10,32] 11,44 12,69 14,13 16,24 Buc = =D X Xy Xc Vi » (7)
30 |76 9,02 | 10,44| 11,44 1407 17,13 Ni=1
40 |[578] 7,86 | 943| 11,29 13,70 17,69
50 |458] 6,63 825| 1020 12,76 17,27 _ : _
50 13551 547 7001 886 113t 1560 Where.x,,xu,xk natural values,.u,.k .factor
Longing clay experimentsy, — parameter optimization
m feedback.
s| o | 1 2 3 4 | 555 . .
\ Perform the calculations of approximated

Up: value of critical cutting depth:

20 | 8,28]10,80| 1156] 12,44 134f 1545
30 |6,83] 9,16 | 10,20] 11,44 1298 16,33 h
40 [559( 7,79 | 9,05| 1054 1258 17,10 i =ty +—(Xi - Xio) +
50 | 443| 6,39 | 7.73| 939 1158 1695 AX;
60 |3,33| 513 | 6,60| 844 1094 1764 . by (% = X)X, Xoo)+
Solid sandy loam v Avw NPT AONAN T Ao
— y AX;AX,, (8)
sl o | 1| 2| 3| 4] ass +%(Xi = Xi)X
” DX, AX AX,
20 |12,28 14,13| 16,000 1839 21,25 2299 % (Xy = Xyo)(Xk = Xko)
30 | 9,73| 12,10| 1442 1750 2199 2472
40 | 7,73] 10,47| 13,06 16,58 22,15 2588 When substituting numerical values of the
50 603|872 11,37] 1502 20,98 2507 components of the equation (8) for different
60 | 4,53| 6,94 | 929| 1264 1821 22,19

soil types, we obtain the following expres-

sion:

Table 2.Value factors and levels of variation for diffetéypes of soil
Level of variation

, B

Marking | 8|8 Natural
Factor | © | o @’E“ %%‘ % Semisolid loam | Solid sandy loam | Hardplastic clay Code

218ES 25| 28— _ _ _

z2|OF~ |Ea| E7 top| mid.| bot. | top| mid| bot. | top | mid| bot. | tog mid{bot.
Blade d d L . _

width, b, m X1 | x 0,1 0,1 0,1 0,250,15 0,05 0,25 0,1 0,05 0,25 0,B/0: |1 0 1

Knife's

cutting | X> | xo | 0,349| 0,349 0,349|1,0410,698 | 0,349 1,047| 0,698| 0,349| 1,047| 0,698(0,34¢ | 1 0] -1
angle,a, rag
Cutting
speed, | X3 | x3 | 2,09 | 1,729 2,275|5,18 3,09 1 4,45 2,72% 1 555| 327§ 1 1 o -1
V,m/s
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Table 3.Matrix of 3-factor’s planning

Yi Yi
N Xo X1 X, X3 X1 X2 X1 X3 X2 X3 X1XoX3 Semisgilid loam Sollid sandy Hardplastic
oam clay
1 [+ [ -1 1] 1 1 1 1 -1 0,516 0,707 0,54
2 |+ 1 -1 1 -1 -1 1 1 2,581 3,533 2,702
3| + | 1| 1| -1 -1 1 -1 1 0,274 0,347 0,257
4| + 1| 1| -1 1 -1 -1 -1 1,369 1,737 1,285
5 | + | -1 -1 1 1 1 -1 1 0,812 1,15 0,773
6 | + 1 [ -1 1 -1 -1 -1 -1 4,061 5,748 3,864
7 [+ [ 1] 1 1 -1 1 1 -1 0,785 1,11 0,882
8 | + 1] 1 1 1 -1 1 1 3,925 5,548 4,411
Average valuef feedbacly, 1,79 2,485 1,839
(for semisolid loam): Table 4.The coefficients of the regression equa-
tion b and approximated value
hkp = 1,79+11,9il(b— 015)— 05788+ of combined cutting critical depths
x\a, — 0,689+ 0,2894v — 309) -
@ ) 4v - 309) Coam | Sandy[ Clay
-38684b - 015)(0, -~ 0,689+ o joam
~ ~ by | 1,790 | 2,485 1,839
+1933b - 015)(v - 309) + 0.2207x b, | 1,194 | 1,657| 1,226
x (ap - 0,689)(v - 309)+ b, |-0,202]-0,300] -0,131
. b; |0,605| 0,904, 0,643
+ — — —_ 1 1 1
14806 - 015)(u, — 0,689y ~ 309) e
by; | 0,404 | 0,603| 0,429
(for solid sandy loam): b,; | 0,161 | 0,240 0,295
b 0,108 | 0,160| 0,197

hyp = 2485+1657(b — 015) - 0,8596x
x (0, ~ 0,689+ 0524v — 2,725) -
~57304b~ 015)(u, - 0,689+
+3495€b - 015)(v - 2,725+ 0,3986x
x (0, ~ 0,689Yv - 2,725 + 2,6577x

x (b~ 015)(a, - 0689v - 2,725

(10)

(for hardplastic clay):

hyp =1839+1226(b - 015) - 0,3752x
x (0, ~ 0,689+ 0,2826(y ~ 3275 -

- 2,4928b - 015)(a, ~ 0,689+
+1,8857b - 015)(v — 3275 + 0,3715x
x (0, ~ 0,689 v - 3275 + 24811

x (b~ 015)(a, ~ 0,689v — 3275

(11)

Puts the obtained coefficients of equations,
theoretical and approximated value of critical
cutting depth in Table 4 and 5.

38

Carry the appreciation of the regression
coefficients and adequacy test of regression
equations using dispersion analysis.

Determine the degree of deviation values
- research of a random variable from its aver-
age value:

§=3 (v - v\, (12)

i=1
wherey — average value of the research.
Dispersion of the research:

S S , (13)

whereN — numbers of researches.

The statistical significance of the regres-
sion coefficients is checked usirig— Stu-
dent's criterion [14 — 17]:

b
ty = |Sb_i|| : (14)
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Table 5.Plan Zand the results of calculations

3 SE[ o€ SE| o€ SE[ o€
3 2 8| 3| = | 85|23 | % |88 |55 =
E . 29 33| %8| £ | 39| %8| ¢ z3|%%| ¢
= & o¢ >0 3 < >0 3 S >0 3 S
3 = = 58| 8% | 2 | 58| 8w | &2 | 58| 8=| &
= =] B s .© = = s .9 = = s .9 =
N | 3 o O Lt | §E s | &= 2E | 8=
2 2 °l I5 °cl <5 °cl g5
ks £ -
m 8 E |©E >
g |88 8 Loam Sandy loam Clay
| n =
1] 005] 0349 10 10 10 o516 0516 0,03 0,707700] 03 | 054] 0,54] 0,04
2] 025] 0349 | 10 14 10 2581 255806 0,3 3533538 0,8 | 2,702] 2,702 0,04
3] 005] 1,047 10 14 10 0274 02786 0,03 0347340 055| 0,257 0,257 0,011
4| 025] 1047 | 10 1d 1,0 1,369 1,3686 003 1,737737, 044 | 1,285 1,285 0,04
5] 005| 0349 | 518 445 555 0812 08116 003 1[151,15 [ 0,88 | 0,773 0,773 0,011
6| 025| 0349 | 518 445 555 4,061 4,0606 003 548748 0,88 3,864 3,864 0,044
7] 005| 1,047 | 518 445 555 0,745 0,746 003  1[111,11 | 0,66 | 0,882 0,882 0,011
8| 025| 1,047 | 518 445 555 3,925 39446 003 5548548 0 | 4,411 4,411 0
S§ Tab.3.2.]. When,; >t , the coefficient of the
f=x (15) : o .
TN regression equation is significant. Otherwise,
this ratio should be excluded from the equa-
Defined by the formula (11) valug, is tion.

compared with tabulated values, [13,

Table 6.Research dispersion, the statistical significaofdbe regression coefficients, quadratic error of
regression coefficients

Semisolid loam Solid sandy loam Hardplastic clay

Ne S,Z Si Si t, Suz Si Si ty, Suz 83 Si ty,
1| 1,623 3,535 3,161 3,456 1,688 3,467
2 | 0,626 2,357 1,098 2,304 0,744 2,312
3| 2,298 0,399 4571 0,417 2,504 0,246
4 | 0,177 1,196 0,560 1,257 0,307 1,213
5 | 0,956 2,0511 0,506 0,266 1,782 41371 0,719 0,277 1,1372’251 0,530 0,164
6 | 5,157 0,797, 10,647 0,838 4,100 0,808
7 | 1,010 0,319 1,891 0,333 0,916 0,555
8 | 4,558 0,213 9,382 0,222 | 6,614 0,370
hep /b, M
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V=a = 160

8.0 1

— %" 00
20 30 10 50 g P 0 | 2 3 4 5

_Fig.2. Dependence of the apprbximated relative critiegitd combined cutting sdil, . fromthe speed
by changing the angle of cutting feemisolid loam
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Fig.3. Dependence of the approximated relative critiegdtd combined

0 I 2 3 4 \Si
cutting sdil, .. fro

mthe speed by

changing the angle of cutting and dependence abappated relative critical depth combined cut-
ting soilh,,. from the angle when changing cutting spesatid sandy loanandhardplastic clay

The value of the research dispersion, statis-
tical significance of regression coefficients
and quadratic error of the regression coeffi-
cients are entered in Table Bependence of
the approximated relative critical depth com-
bined cutting soilhg,,. from the speed for
different types of soil are shown on Fig. 2 and
Fig. 3.

CONCLUSIONS

1. The possibility of regression analysis
applying of analytical model to approximate
the critical depths of combined cutting soil
has been shown.

2. Critical depth of combined cutting soil
is approximated by the equation with a com-
bination of factors like (8...15), approxima-
tion error is less than 1%.

40

3. Under the calculation dependence, in-
creasing operating speed of 0 m/s to 4 m/s
approximated value of relative critical depth
of combined cuttind, ... increases from 3,58
to 14,13 meters for semi-loam; from 4,53 to
22,15 for solid sandy loam; from 3,33 to
13,47 for hardplastic clay depending on the
cutting angle.
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AnnpokcuManus MaTeMaTHYeCKOi MOJeTH

KPUTHYeCKOH IIyONHbI KOMOMHHPOBAHHOT O

pe3aHusi TPYHTOB Ha OCHOBE PerpecCHOHHOI0
aHaJIN3a

Cessmocaae Kpasey, Poman 30ps

Annotamus. [IpencraBieHbl pe3ynbTaThl am-
MPOKCUMAIIMH MaTeMaTHYECKOH MOJICNH TPOIIeC-
COB PE3aHUs W PHIXJICHUS TOYBBI JUIS MTOTyYCHUS
AHAJMTUYECKON 3aBUCHUMOCTH OIpPEIeNICHUs KpH-
TUYECKOW TIyOHMHBI Pa3pbIXJIEHUS C YUYETOM CKO-
pocTH pabodero oprana mpu KOMOWHHPOBAHHOM
MOAPYCHOM pa3pyleHnu mouBkl. [IpoBeaeno an-
MPOKCUMALIMI0 HA OCHOBE PETPECCHOHHOTO aHa-
JIA3a, WCIOJB3YeMyI0 Tpu 0O0paboTKe HTaHHBIX,
MOJYYCHHBIX B PE3yJbTaTe 3KCIICPUMEHTOB C OII-
pEACICHHBIM KOJMYECTBOM TIApPAJUICIBHBIX Ha-
omoxnenuii B ombite. [locTpoeHsl rpaduku 3aBu-
CUMOCTH MEXJy amnmpOKCHMHPOBAHHOW OTHOCH-
TENBbHOW KPUTHUYECKOW TIIyOMHOH, paboueil cko-
POCTBIO pabodero opraHa U yriioM pe3Kd MOYBHI.
Ompenenensl 3HAYCHHUS] KPUTHYECKOW TITyOMHBI
Pa3phIXJICHUS IS TISITH TUTIOB TPYHTA W TOJIHOTO
nrana3oHa pabodnmx CKOPOCTEH, B 3aBUCHUMOCTHU
OT (PU3NKO-MEXAHUIECKHX CBOWCTB ITOYBHI.

KiroueBbie cioBa: yron pesanus, TyOuHA
pas3pbIxiieHus, padodas CKOpOCTh, KpUTHUYECKas
ryOvHa, KOMOWHHMpOBAaHHAs pe3Ka, ypaBHEHUE
perpeccuw, JUCTIEPCHsI UCCIIEIOBAHUSI.
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