PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

VK 631.316.22

S.V.Kravets, Dr. Sc. (Tech), Prof.,
0.YV. Stinio

National University of Water Management and Nature Re-
sources Use, Rivne, Ukraine, e-mail: sashastinio@gmail.com

THE DETERMINATION OF THE FORCE OF BLOCKED CUTING
OF SOIL AND COEFFICIENT OF ENERGY INTENSITY
OF DEEP RIPPING OF SOIL

HauioHanpHMi1 yHiBEpCUTET BOTHOTO FOCIIONAPCTBA Ta TTPH-
ponokopuctyBaHHs, M. PiBHe, YkpaiHa, e-mail: sashastinio@
gmail.com

BU3HAYEHHSA CUJIN BJIOKOBAHOI'O PIBAHHSA TA KOE®IIHIEHTA
EHEPTOEMHOCTI PO3IIYINYBAHHS IPYHTY

C.B.Kpagenp, 1-p TeEXH. HAYK, npod.,
O.B. Criabo

Purpose. The main parameters of soil rippers are determined provided that the cutting force and the coeffi-
cient of energy intensity of soil ripping will have minimum values. To ensure the minimum energy intensity of soil
ripping, argumentation of parameters of working bodies should be carried out with taking into account the critical
depth of soil ripping, because ripping of soil on the critical depth provides the lowest energy intensity. Therefore,
there is necessity to determine the force of blockaded cutting and coefficient of energy intensity of soil ripping on
the critical depth.

Methodology. Mathematical modeling of processes of cutting and ripping of soil.

Results. To determine the force of blocked cutting of soil on the critical depth, we accept that the soil is ho-
mogeneous isotropic medium that is characterized by hooking, internal and external friction, strength and humid-
ity. In accordance with the scheme of interaction of soil with working body (after the projection of all the forces on
the horizontal ax), we obtain the equilibria equation from which we determine the force of blocked cutting of soil
on the critical depth, and take into account fact that cutting width of working body varies with depth of soil ripping
and the cutting angle to supply ripping of soil on the critical depth. When division of force of blocked cutting of soil
to cross-sectional area of ripped soil we get coefficient of energy intensity of soil ripping on the critical depth.

Findings. From the mathematical model for determine the force of blocked cutting and coefficient of energy
intensity of soil ripping was justified the width and cutting angle of working bodies of rippers that operate on the
critical depth.

Originality. Scientific novelty lies in getting the analytical dependence for determination of force of blocked
cutting and coefficient of energy intensity of soil ripping on the critical depth based on the depth of cutting, and
the physical properties of soil.

Practical value. It lies in the establishing of the optimal cutting angles and width of working bodies of rippers,
that working at the blocked cutting on the critical depth, depending on the depth of soil ripping, and the physical
properties of soil.
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Introduction. Owing to the creation of superpow-
er special tractors and improving of design of rippers,
mechanical ripping has found its wide application at
open mining for the last 15—20 years. Under certain
circumstances, especially during the resource devel-
opment and selective extraction of minerals with sig-
nificant fluctuations of quality which demand averag-
ing before serving on the processing plant, mechanical
ripping is economically more advantageous than tradi-
tional drill and fire system [1]. Nowadays one of the
main requirements for the design and improvement of
construction of soil ripper is reducing the energy in-
tensity of their work, i.e. the installation of construc-
tive parameters of soil ripper, in which the cutting
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force of the soil and coefficient of energy intensity get
minimal values.

The research analysis and publications. The
lowest energy intensity of soil ripping is provided by
ripping of the soil at the critical depth [2, 3]. The re-
search studies of blocked force of soil cutting have been
considered in the works by Yu. O. Vetrova, A. M. Zele-
nina, V.Sokolovskyi, V.P.Horiachkina and others.
However, the data do not include the ripping of the soil
depending on the critical depth and are experimental.

Unsolved aspects of the problem. With regard to
the foregoing, there is a need for analytical definition
of blocked force and coefficient of energy intensity of
cutting soil at the critical depth.

Presentation of the main research. To deter-
mine the force of blocked cutting of the soil at the crit-
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ical depth, we use the scheme (Fig. 1) in accordance
with which we take the initial conditions:

1) the soil is homogeneous isotropic medium that
is characterized by clutch, internal and external fric-
tion, density and moisture;

2) an element of chip is viewed as a solid body in
the form of a triangular prism with two symmetrical
conical sectors on each side [3] (Fig. 1, b);

3) the critical depth is constant regardless of work
of the working body in landing mode or in steady
mode [2];

4) the influence of cutting speed on traction resis-
tance of its destruction is ignored [2];

5) the normal law of pressure distribution on the
frontal plane of the working body in the chipping area
is taken linear for the depth [3].

At the time of the previous shearing process, the
elementary volume of the chip element that is dA high
is affected by the following acting forces which are
given in the vertical plane of the OAJl (Fig. 1, a): ac-

dN
tive force dN’ = po which is directed at an angle of

external soil friction ¢ to normal of the frontal plane of
the working body; normal reaction dN, ,, and tangen-
tial forces d7. ,;, 2d T4, ,,c0sd — at the shear plane of
soil.

To determine the cutting force in accordance with
the scheme (Fig. 1, a) it let us comprise an equilibrium
relation on the axis OX

2 Pox

-2dT,,,, -cosd-cosy+dN’-sin(o, +¢) =0.

=—dN,_,, -siny-dT,, -cosy— )

From work of Kravets S.V. [2] the normal reaction
dN. , and tangential forces d 7 ,;, 2d T4, ;08 at the
shear plane of the soil are equal

cos(a, +@+V) q. -4,
dN  =—"——2.b += 2k hldh; (2
c.bl COS(p‘Sinar bl(q() hh/ per J ( )
cos(a, +@+y
daT,, = _tg(pObel X
cos@-sina,
x[qo +Mkpe,h]dh+ 3)
hbl
+ c-(2p(ctgocr +ctg\v)(hb, —h)+bb,)dh;
drT,,, =c-(ctgo +ctg\y)(hb,—h)—dh , @
Side. r COSK

where @, is an angle of internal friction of the soil; a.,. is
a cutting angle of the working body; 4,,, b, are the
critical depth and cutting width of the working body
respectively; c is a coefficient of clutch of the soil; k,,,,
is the ratio of the depth of the zone of guaranteed chip-
ping of soil (&, = 0,9—0,95); A is the current value of
depth; v is angle longitudinal chipping of the soil,
which is determined depending on the cutting angle of
the working body

y=a,+k,0, (5)
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where a,, k, are interpolation coefficients that depend
on physical properties of the soil [2]; g, is the minimal
soil pressure that acts at the surface [2]

4 :c'tg(po(A1_1)s (6)

where A, is the coefficient which depends on the cut-
ting angle of the working body and is determined by
Sokolovsky’s formula for intermediate sides [3]; g, is
the soil strength [4]

_ I P Y
qcr_(Yshbl+tg¢0th (4+ 2)’ (7)

where v, is the specific gravity of the soil [5]; p, 6, A are
angles that are formed by the side plane of chipping
with the vertical plane and are defined with geometric
relations (Fig. 1, ¢) [2]

2
p =arccos \/1 - [&J ; 8)
ctgo, +ctgy

A =arccos 1 ; )

2
\/1 J{ ctgal, -ctgy ]
ctgo, +ctgy

5= arccos(l —2(ctga, + ctg\p))sin2 v -sin’ % (10)

vy is the angle of inclination of side chip planes to the
horizon

c-CcosQ,

(1 _0774tg(p0 - 1,52.Cj'qmid

cr

Y = arccos —-@,, (11)

where g,,;; is the middle pressure of ground on the
frontal plane of knife

4. t4d
Doia =~ e, (12)
After substituting values of of N ;, dT.. 1, AT 40

in equation (1) we get

0

cos(o, +@+ -
( r (p W)bb[(q0+qcr N kperhjdh'cosw+
cos@-sino., hy,
cos(o, +@+ -
+wbbl(q0 +Mk,,e,h]dh'5in\lf—
cos@-sino., h

bl

—c-(2p(ctgo, +ctgy)(h, —h)+b,) dh

siny

—2cosd-c-(ctga, +ctgy)(h, —h) cz)l:l .

+dN’-sin(o, +)=0.

After integration of expression (13) in the range of
0 to h0m, and after intermediate mathematical trans-
formations, we obtain a mathematical model to deter-
mine the force of blocked cutting of the soil at the
critical depth.
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Fig. 1. Scheme of interaction of the working body with the soil environment in blocked cutting Soil:
a — in the longitudinal plane; b — in the transverse plane; ¢ — the form of element of chips in landing mode

q..—4q
—h,b, (qo + . K e ) X

2
P x(tg @, -cosy +siny)cos(a, +@+y)
" cos¢-sina, (14)
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COSA

+c-hy,-b, ctgy.

For soil ripping, the depth of ripping is an output
parameter. To ensure ripping of the soil at the critical
depth by changing the depth of ripping and the cutting
angle, the cutting width of the working body for each
case is calculated by the formula

b, = hb’(t—gar), (15)
a

where a, n are the approximation coefficients which

depend on the physical and mechanical properties of

the soil [2].

The dependence curves of the forces of blocked
cutting at the critical depth on the cutting angle and
depth of ripping is given in Fig. 2. Physical and me-
chanical properties of soils are given in the table.

The analysis of the graphics in Fig. 2 shows that for
each type of the soil, the value of blocked cutting force
increases with increase in the cutting angle. The de-
pendences of the blockaded cutting force of the soil on
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the depth of ripping for different values of the cutting
angle are confirmed by experimental studies of Rynke-
vych V.S., Kravets S.V., Vetrov Y.A., Zelenin A. M.
etc.

To assess the energy intensity of the process of deep
ripping of the soil at the critical depth, let us define the
coefficient of energy intensity. The coefficient of en-
ergy intensity of soil ripping is defined as the ratio of

Py kN
30

15

@,
degrees

20 30 40 50 60

Fig. 2. Dependence of the force of blockaded cut-
ting of the soil on changing the cutting angle at
the critical depth of ripping of three types of
soil, critical depth is h,;= 0.3 M:

1 — semisolid clay; 2 — semisolid loam; 3 — solid
sandy loam
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Table
Basic physical and mechanical properties of soils

Type of soil

The main soil - — —
criteria Solid Semisolid | Semisolid

sandy loam loam clay

The coefficient

of clutch ¢, MPa 0.02 008 oo
Internal friction 78 23 20
angle ¢, ,deg

Angle of soil friction 25 21 22

on steel ¢ , deg

the cutting force to the cross-sectional area of the
ripped soil

P
E, ==t 16
= (16)

bl

where F), is the cross sectional area of the ripped soil,
Fig. 1, b.

F, =h,b, + hbzl -ctgy. A7)

The dependence curves of the energy intensity co-
efficient of blocked ripping of the soil on the cutting
angle at the critical depth for different soils are given in
Fig. 3.

From the dependence curves (Fig. 3) we see that
the optimal values of the intensity coefficient of deep
soil ripping for semi-solid loam and solid sandy loam
are within the cutting angle (o, = 20—30°), for semi
clay the angle is (o, = 25—35°). With the destruction
of the soil at the critical depth the coefficient of en-
ergy intensity of deep ripping of the soil is constant
for each cutting angle irrespective of the ripping depth
because with the change of the depth, depending on
the cutting angle, the ratio between the width and
depth of ripping is stored for ripping of the soil at the
critical depth.

Conclusions. The accuracy of the values of the
blocked force of soil cutting obtained by the formula

E;; MPa
0,3
0,25 "]
! //
0,2
0,15
2 // —
0,1 R
3 I a,
degrees
0,05
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Fig. 3. Dependence of the energy intensity of deep
ripping of the soil on the cutting angle at the
critical depth:

1 — semisolid clay; 2 — semisolid loam; 3 — solid
sandy loam

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2016, N 3

(14) is confirmed by experimental research studies by
other authors. The optimal cutting angles were defined
for the most common types of the soil: for semi-solid
loam and solid sandy loam (o, = 20—30°); for semi-
solid clay (o, = 25—35°; for such angles, the values of
the energy intensity of deep ripping of the soil at the
critical depth are minimal. During the ripping of the
soil at the critical depth, the energy intensity coeffi-
cient of blockaded cutting of the soil does not depend
on the depth of cutting and therefore optimum cutting
angles do not change during the changing of the value
of the critical depth.
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Meta. OcHOBHI mapamMeTpH pO3MyIIyBadiB IPyH-
Ty BU3HAUYAIOTHCS 32 YMOBH, 1110 CHJIA Pi3aHHS Ta KO-
eillieHT eHeproeMHOCTiI PO3IyLIyBaHHS TPYHTY €
MiHiManbHUMU. [t 3a0e3redyeHHsT MiHiMaJlbHOT
€HEePrOEMHOCTI MPOLECY PO3NYyIIyBaHHS I'PYHTY, 00-
IPYHTYBaHHS MapaMeTpiB poOOUMX OpraHiB HEOOXi -
HO TIPOBOAWTH 3 YpaxXyBaHHSIM KPUTUYIHOI TJTMOMHU
PO3MYIIYBaHHS, OCKUIBKY PO3ITYyIITYBaHHS IPYHTY Ha
KPUTUYHIN ITMOWHI 3a0e3redye HaliMEHITy eHepro-
eMHicTb. OTXKe, MoCTa€ HEOOXiAHICTh BUBHAYUTH CU-
JI GJIOKOBAHOTO pi3aHHS Ta KoedilliEHTa eHeproeM-
HOCTIi pO3TylLIyBaHHSI HA KPUTUYHI IMOUHI.

Meroauka. MaTeMaTUYHE MOIEIOBAaHHS IIPO-
LIeCiB pi3aHHS Ta pO3IIYLIyBaHHS IPYHTY.
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PesynbraTii. /1151 BU3HAYEHHS CUJTU OJIOKOBAaHO-
TO pi3aHHY ITPYHTY Ha KPUTUYHI ITMOUHHI NpuitMa-
€MO, 1110 TPYHT — OTHOPIITHE i30TPOITHE CepeIOBHIIIE,
IO XapaKTepPU3YETHCSI 3YEMJICHHSIM, BHYTPIIIHIM i
30BHIILIHIM TEpTSIM, MILIHICTIO, BOJIOTICTIO. ¥ BidImo-
BIDHOCTI JO CXEMM B3a€EMOii poOOYOro opraHy 3
I'pyHTOM (TTiC/Is1 MPOEKTYBaHHS BCiX CUJI HA TOPU30H-
TalIbHY BiCh) OTPUMYEMO PiBHSIHHSI PiBHOBAru, 3 sIKO-
ro BU3HAYaeEMO CUJIY OJIOKOBAHOIO Pi3aHHS IPYHTY
Ha KPUTUYHIN MMMOWHHI 3 ypaXyBaHHSIM TOTO, IO
IIMPUHA Pi3aHHS I'PYHTY 3MIiHIOETHCS 3i 3MiHOIO [JIH-
OWMHU PO3MYIITYBaHHS Ta KyTa pi3aHHS pOOOYOro op-
raHy, JJis 3a0e3MeYeHHs pO3MyILIyBaHHS HA KPUTUY-
Hil miMOuHi. [Ipyu BiZHOIIEHHI CAJIU GJIOKOBAHOIO
pi3aHHS TPYHTY OO IUIOIIi IIOIIEPEYHOro IIepepisy
PO3ITYIIIEHOTO TPYHTY OTPUMYEMO KOe(DIIiEHT eHep-
TOEMHOCTI pO3IYyLIyBaHHSI IPYHTY Ha KPUTUYHIN
rIMOUHHI. I3 MaTeMaTUYHOI MOJEJIi, 111 BU3HAUYEHHS
cuJu GJOKOBAHOTO pi3aHHS Ta KoedillieHTa eHepro-
€MHOCTI pO3IyLIyBaHHS IPYHTY, Oyl OOIrpyHTOBaHi
IIMPUHA i KyT pidaHHS poOOUYMX OpTaHiB PO3MYIIy-
BayiB, 110 Mpallol0Th TMPU OJIOKOBAHOMY pi3aHHI
IPYHTY.

Haykosa HoBu3Ha. [lonsirae B oTpumaHHi Ha
KPUTHUYHIN IMUOWHI aHATITUYHOI 3aJ1€XKHOCTI AJ151 BU-
3HAYCHHS CIJIM OJIOKOBAHOTO pi3aHHS IPYHTY ¥ Koe-
dilieHTa €HepProEMHOCTI IIPOLECY PO3MYyIIyBaHHS
IPYHTY 3 ypaxXyBaHHSIM KPUTUYHOI INIMOMHU pi3aHHS
Ta (Pi3UKO-MeXaHiYHUX BJIACTUBOCTEI IPYHTY.

IIpakTuyna 3HauyMMicTbh. BcTaHOBJIEHI onTH-
MaJibHi 3HaYeHHS KyTiB Ta INMPUHU PiZaHHS poOOYNX
OpraHiB po3MyllyBayiB, 110 MPalOOTh MPU OJIOKO-
BaHOMY pi3aHHI Ha KPUTWUYHIil MIMOUHHI B 3ajexX-
HOCTI Bill IITMOUMHU PO3MyIIyBaHHS Ta dizuKo-Mexa-
HIYHMX BJIACTUBOCTEI TPYHTY.

KimiouoBi cioBa: xym pizauHs, eaubunHa posny-
UIYBAHHSA, WUPUHA PI3AHHS, KPUMUYHA 2AUOUHA, CU-
Aa pizawnHs, 6A0K08aHe pi3aHHs, KoeiuicHm eHep-
20EMHOCMI

Ileab. OCHOBHbBIE MapaMeTphbl phIXJIUTENEH TOo-
YBbI OMPENESIIOTCS MPU YCIOBUM, YTO CUJIa pe3aHUsI
1 KO3 PUIIMEHT 3HEPTOEMKOCTH PBHIXJICHUS TTOYBHI
OynyT MUHUMaJbHEL. 11 oO0ecniedueHUsT MUHUMAb-
HOM B3HEProeMKOCTH IIpOIlecCca PBIXJICHHUS IIOYBHI,
000CHOBaHME MapaMeTpoB pabOYMX OpPraHOB HEOO0-
XOIUMO MPOBOAUTH C YIETOM KPUTUUYECKOUN TTyOMHBI
DBIXJIEHUSI, TIOCKOJIBKY PBIXJIEHHE MOYBbI Ha KPUTU-
YecKoil IyOuHe obecrieyrBaeT HAauMEHbIIYIO SHEP-
roeMkocTb. MTak, BO3HUKaeT HEOOXOAUMOCTh OIpe-
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JIEJTUTh CUJIbI OJIOKMPOBAHHOTO pe3aHusl U Koadhdu-
IIMEeHTA SHEPTOEMKOCTH PBIXJICHUS TPYHTa HAa KPUTH-
YyecKou riyouHe.

Mertoauka. Marematndeckoe MOIEIUPOBaHUE
IIPOIICCCOB Pe3aHMs U PHIXJICHUE TTOYBBHI.

PesyabsraTtsl. 1151 onpeneseHUsT CYIbI OJIOKMPO-
BaHHOTO pe3aHMs ITOYBbI HA KPUTUYECKOM IITyOMH-
Hble TIpMHUMAaeM, 4YTO MOYBa — OMHOPOMHAS H30-
TpOMHas cpefa, YTO XapaKTepu3yeTcsl CLEIJICHUEM,
BHYTPEHHUM W BHEIIHUM TPEHUEM, MPOYHOCTHIO,
BJIAXKHOCTBIO. B COOTBETCTBUM CO CXeMOWl B3amMMO-
JIeHACTBUSI paboyero opraHa ¢ IMo4yBoil (mociie mpoe-
LIMPOBAHUS BCEX CUJI HA TOPU3OHTAIIBHYIO OCh) TTOJTYy-
yaeM yYpaBHEHHE PaBHOBECHs, 13 KOTOPOTO OIpee-
JISIeM CIIy OJOKMpPOBAHHOIO pe3aHHUsl TpyHTa Ha
KPUTUYIECKOU IITyOMHHBIE C YIETOM TOTO, UTO IIMPH-
Ha pe3aHus TPYHTA U3MEHSIETCSI ¢ U3MCHEHHEM LTy~
OMHBI PHIXJICHUS W yIJIa pe3aHus paboyero opraHa
1151 0OecIieYyeHUS phIXJeHE Ha KpUTUUECKOM I1yOu-
He. I[Ipu oTHOIIEHUU CUJIBI OJIOKUPOBAHHOIO pe3a-
HUS TOYBHI K TJIOLIAIM MTOMEPEYHOIo CEUYECHUsT pas-
PBIXJIEHHOTO TPyHTa Mojay4aeM Ko3hdUIMeHT 3Hep-
TOEMKOCTHU PbIXJIEHWE MOYBbI Ha KPUTUYECKOU ITy-
OuHHbIE. I3 MaTeMaTU4YeCKOii MOJEeU, IJIs1 ONpeae-
JIEHUSI CUJIbI OJIOKMPOBAHHOTO pe3aHus U Koadhdu-
IIMEHTA SHEPTOEMKOCTH PHIXJICHHSI TpPyHTa, OBUIA
00O0CHOBAHEBI IIMPUHA 1 YTOJI Pe3aHUSI pabOIrX Opra-
HOB PHIXJINTENICl, paboTaloIINX IpHU OJOKUPOBAH-
HOM pe3aHWUU IPyHTA.

Hayuynass HoBU3HA. 3aK/II09aeTCsl B MOJIYICHUN
Ha KPUTUYECKOW TITyOMHE aHAaJIUTUYECKOI 3aBUCH-
MOCTH JJIsI OTIPEACNICHUS CUJIbl OJIOKMPOBAHHOTIO pe-
3aHUsI TpyHTa U KO3 @PUIMEHTAa 3HEProeMKOCTU
Mpoliecca PhIXJEHUS MOYBbI HA OCHOBE KPUTUYECKOM
DTyOUHBI pe3aHus U GU3UKO-MEXaHUYECKUX CBOVCTB
TpYHTA.

IIpakTUyecKasi 3HAYUMOCTb. YCTAaHOBJIEHBI OTI-
TUMaJIbHBIC 3HAUCHUS YIJTIOB M IIIUPWHBI pe3aHMs pa-
0OUMX OPTraHOB PHIXJIUTENEH, paboTarLIUX Ipu OJI0-
KMPOBAaHHOM pe3aHUM Ha KPUTHUYCCKOU IITyOMHHEBIC
B 3aBUCHMOCTH OT IIIYyOWHBI PHIXJICHUS M (DU3UKO-
MEXaHNUYECKMX CBOMCTB IpyHTa.

KimioueBble ciioBa: yeon pezanus, 21youHa poix-
NeHUsl, WUPUHA pe3aHusl, Kpumuueckas enyouHa,
cuna pe3amus, 6A0KUPOBAHHOe pe3aHue, Koaggou-
YuUeHm dHep2oemMKocCmu

Pexomendosarno 0o nyoéaikauii dokm. mexH.

Hayk 3. P. Maaranuykom. Jlama Hadxo0xceHHs py-
konucy 13.05.15.
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