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UNITARY MINING RESISTANCES AS THE INDICES
OF WORKABILITY OF SOILS FOR ESTIMATION
OF INTERNAL LOADS OF MINING ELEMENTS

Maciej Hawrysz, Barbara Szymtowska, Henryk Wojtkiewicz

Technical University, Wroclaw N

To determine the internal loads of mining elements of machines for
earth works we used unitary mining resistances: linear K; and superficial
Kz, i.e. the resistance referred to the unit length of a cutting nose or
resistance referred to the unit cross-section area of a chip cut off.

Mining resistance is an index defining simultanously workability of
a given soil and value characterizing a tod as well as parameters of
cutting. This connection and the relationship of the above-mentioned
factors limit the value of unitary resistance empirically determined to the
narrow area of changes of the parameters in question.

The dependence of unitary mining resistances upon changes of the chip
cross-section and the active length of a cutting nose is known and con-
sist in the fact, that together with the growth of a cutting-off chip cross-
section the unitary superficial resistance decrease and with the growth
of length of a cutting nose the unitary linear mining resistance increase.

The problem still in the small part recognized is an influence of shape
and dimensions of a chip on the value of instantaneous loads of mining
elements of wheed-milling excavators.

Pilot investigations upon this problem have been performed in the

Brown Coal-Mine , Turé6w” on the wheel excavator SRs— 1200 - 2?4 «12
during mining heavy, dusty clay having following parameters:

— bulk density y = 2.68 G/cm?,

— weight density ' yo = 1.98 G/cms3,

— content of loamy fraction I = 28,

— natural moisture W = 22.64%.

Grain composition is presented in Fig. 1.
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Fig. 1. Graph of graining of a soil being examined

On the basis of results obtained from investigations the strength para-
meters of the soil have been determined:

— cohesion ¢ = 4.87 KG/cms3,

— internal friction angle ¢, = 15°32’.

Limits of the paper do not allow to present all details of the manner
of realization of measurements and elaboration of results. We limit our-
selves to the informing the main assumptions and the way of conduct
taken up.

Examination of the mining resistance have been performed by redu-
ced number of buckets on a mining wheel, from 8 to 2 units. It allowed
to record an instantaneous mining resistance acting on a single bucket
in time of cutting-off a chip.

In the course of the measurement power of current input by a pro-
pulsion motor of a mining wheel has been recorded and dimensions of
chips cut off — the thickness, width and heigth — have been measu-
red (Fig. 2).

On the basis of recorded power of current input by an engine the
value of circumferential force has been defined from the formula

3060 - e
Po=ar7 " No " o> (1)
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Fig. 2. Dimensions of a chip cutting off by a wheel excavator in the course of

investigations

where , |

Po(p — instantaneous value of circumferential force by angle of ro-

tation ,,

e = 8 — number of buckets settled on a mining wheel,

n = 3.1415 ..,

R = 4.1 m — radius of a mining wheel,
;=50 —— — number of emptying the buckets in time of 1 min,

min
N, — power of current input by an engine, by angle of rotation ,,
n, — coefficient of efficiency of an engine and transmission gear, by

a power N,,.
Scraping resistance" P,,q) is equal to the circumferential force Psgo
reduced by a force Ppgo of lifting a soil being in a bucket (Fig. 3).

P‘oo - P"sv o P"’sv (2)
where
R 2P° 4+ Rsingp | .
P,,=v, R-b -g(l—cosw)—R—“”-l 2P°+R) |50
o — weight density of a soil,

— width of a chip,
thickness of a chip,
— angle of rotation of a mining wheel,

| Q O«
|
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Fig. 3. Scheme of action of forces in the process of loosening a chip by a single

bucket
chp — Instantaneous radius of action of gravity force of a soil being
in a bucket,
P° — distance from axis of rotation of an excavator to axis of rota-

tion of a bucket wheel — radius of mining.

Investigations carried out shown that maximum of the mining resi-
stance exists before output of a bucket from a virgin soil. For the con-
stant, in the course of investigations, mining angle ¢, = 95°, maximum
of mining resistance exists within the range of angles from ¢ = 70° to
@ = 75° and than vidently grows less attaining at the moment of output
of a bucket from a virgin soil value ten times smaller (Fig. 4).

Value of average mining resistance P, for the whole range of mining
angles to the maximum instantaneous value of resistance results from
0.512 to 0.527 for presented three series of measuring results.

For the purpose of acquaintance with the mechanism of destruction
of a cohesive soil structure in the process of its scraping o pilot series of
laboratory model investigations has been performed of the process of
mining with a bucket having circular trajectory of motion.

This investigation has had a qualitative character in which the pro-
cess of mining have been photografically recorded in te plane correspon-
ding with the position of a side wall of a tod.

A material submitted to the mining process was a sandy day of pla-
stic consistency and moisture of 29%. The photos inserted presenting
successive stages of the mining process and the results obtained allow
a modest qualitative interpretation of the mining process of a cohesive
scil to be done. '

In the initial phase, destruction of a soil runs in the forced plane
compatible with the trajectory of a cutting tool point and is assisted by
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Fig. 4. Run of instantaneous values mining resistance in dependence on angle of
rotation of a mining wheel, for a single bucket

the defined deformation of a chip cut off corresponding to the shape
of tool (Figs. 5a, b, ¢). In the next phase, in addition, we observe an
effect of formation of ,,partial” wedges due to the action of load resul-
ting from the passive chip pressure leaning against the back wall of tod
(Figs.-5 d, e). :

In the succeeding phase of the process (Figs. 5 f, g) very quickly deta-
chment of the remaining part of a chip from a virgin soil take place.

The last phase (Fig. 5 h) is the ,,pure” lifting of the loosed soil.

In Fig. 6 changing the values of the unitary linear mining resistance
K. _is presented together as a function of angle of rotation of a mining
wheel with which opposes a soil in the process of its mining by a single

bucket.

K.
? _ has a similar character of changing as the ratio

Run of values e
P,

P

gmax

¥ . and ratio of the average value of unitary linear mining resistan-

99max

Lav
ce to the maximum instantaneous value is &, = 0.68 to 0,69.

. q)max

12 — Zesz. Probl. Post. Nauk Roln. nr 168
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Fig. 5. Successive phases of the process of mining (pilot series)
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Fig. 6. Instantaneous values of unitary linear mining resistance in dependence
on angle of rotation of a mining wheel, for a single bucket

Run of wvalues of instantaneous superficial mining resistances have

K,
been also determined. Dependence B (Fig. 7) shows smaller chan-
F¢max
KLgo

ging with the growth values -—— .
KLq»max

The interesting results have been obtained by comparison of values
of mining resistance determined in measurements and these ones calcu-
lated from formulae

P=K;.,°L and P = Kg,, " F. (Figs. 8a,b, c)

A conclusion follows from that, that unitary superficial mining resi-
stance Kz better characterizes workability of a soil and the wvalues of
maximum mining resistance. determined on the basis of this index are

nearer to the real values.
The suitable ratios of mining resistances have been determined for

‘designation the superiority of one of the unitary mining resistance indices
as a determinant of workability of a soil and the following have been

obtained:

12*
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Fig. 7. Instantaneous values of unitary superficial mining resistance in dependence
of angle of rotation of a mining wheel, for a single bucket
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Fig. 8. Comparison of instantaneous values of mining resistance determined from
investigations with those obtained from relations Pr = Kp*L and Pr=Kp'F
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PP P
ﬁz 1.19 to 1.24, andlﬁ; = 1.55 to 1.64,
where
PP .x — maximum instaneous value of mining resistance from mea-
surements,
Fnax — maximum instantaneous chip section,
Lnmax — maximum instantaneous active length of a scraping point.

At this point once more it should be emphasized, that all conclusions.
drawn on the basis of investigations performed refer to the conditions
which existed in the course of investigations and to the kind of a soil
being examined. |

Using the dependence, that the instantaneous load acting on drive of
the mining wheel having 8 buckets is equal to the sum of instantaneous
mining resistances acting on several buckets moved towards to each

7 ‘
other at angle of e the graphs of following dependences have been

determined:

‘Y (Fig. 9): Ke, Fig. 10): —T%  (Fig. 11
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Fig. 9. Run instantaneous values of mining resistance in ‘dependence on angle of
rotation of a mining wheel for 8 buckets
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Fig. 10. Instantaneous values of unitary linear mining resistance in dependence on
angle of rotation of a mining wheel for 8 buckets
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Fig. 11. Instantaneous values of unitary superficial mining resistance in dependence
on angle of rotation of a mining wheel for 8 buckets
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Comparing values of mining resistance obtained from formulae:
P=Kij,y*L and P = Kp,y* L,

with the resistance determined on the basis of investigations (Fig. 12)
and the assumption allowing to determine its value for 8 buckets, it is
possible to formulate a following conclusion: the nitary linear mining re-
sistance better characterizes workability of a soil for the purposes of
determining the maximum loads in the process of mining.
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Fig. 12. Comparison of instantaneous values of mining resistance determined in
investigations with those obtained from relations PL,=Kyi*L and Pr=Kp:F '
for 8 buckets

H. Wojtkiewicz in the paper ,,Investigations of scraping resistance of
a cohesive soil” also emphasized, that in case of scraping two-sidedly
combined an index Ky better characterizes workability of a soil, howe-
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ver, in case of one-sidedly combined scraping the better is index K;. On
the basis of these two papers one can state that in case of mining with
the help of single-bucket excavators having a circular trajectory of scra-
ping two-sidedly combined, an index Kz will be best one to characterize
workability of a soil and in case of bucket ladder excavators having a cir-
cular trajectory of scraping one-sidedly combined — an index K;.

o
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M. Hawrysz, B. Szymiowska, H. Wojtkiewicz

JEDNOSTKOWE OPORY URABIANIA JAKO WSKAZNIKI URABIALNOSCI
GRUNTOW W CELU PROGNOZOWANIA OBCIAZEN ZEWNETRZNYCH
ELEMENTOW URABIAJACYCH

Streszczemie

Wykorzystujage wyniki badan wykonanych w terenie na wielonaczyniowej ko-
parce kolowej przeprowadzono analize stosowalno$ci jednostkowych liniowych i po-
wierzchniowych opordéw urabiania dla okre§lenia urabialno$ci gruntu oraz progno-
zowania obcigzen zewnetrznych elementéw urabiajacych. Na podstawie uzyskanych
wynikéw proponuje sie stosowanie wskaznika Kr do prognozowania obcigzen ze-
wnetrznych pojedynczych elementéw urabiajacych maszyn o kotowej trajektorii
skrawania. Natomiast wskaznik K; lepiej charakteryzuje op6r urabiania w przy-
padku wspétdzialania kilku elementéw urabiajacych.

M. Xaspviw, B. IHumsoscka, I'. BoliTKesuy

EJVIHUYHBIE COIIPOTUBJIEHUS OBPABOTKHM KAK IIOKA3ATEJN
OBPABATBIBAEMOCTHM IIOYBOTPYHTOB OIIPEAEJAEMBIE C IEJBIO
IIPOTHO3UMPOBAHUA BHEIIHUX HATPY30K OBPABATBHIBAIOIIIUX
SJEMEHTOB

PeswowMme

Vicnoab3ys pe3yiabTaThl NPOBEAEHHBIX B IOJIe VMCCIEAOBAHMI C MHOTOKOBIIOBBIM
KOJIECHBIM 3KCKaBaTOPOM, aBTODbI aHAJU3NPYIOT NPUMEHAEMOCTb EAVHVYHBIX JMHe-
HBIX ¥ TIOBEPXHOCTHBIX COTIPOTMBIEHMI 00paboTKe AJH OIpeAeseHnA obpabaTriBae-
MOCTM MOYBOIPYHTA M IPOTHO3MPOBaHMA BHELUHNWX Harpy3ok oGpabaTbIBalOILUX 3JC-
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MeHTOB. Ha OCHOBaHMM MOJYYEHHBLIX PE3yJLTATOB aBTOP NPEeAJIaralT MCIOJIb30BBLIBAThH
nokazareidb Kr AJA NPOTHO3MPOBAHMA BHEIIHMX HArpy30K OTHASIBHBIX 3JIEMEHTOB
MaluuH Io oOpaboTEe, ¢ KPYroBoil TpaexTopuei cpesa. Ilokazarenp xe K nywuie

XapaKTepu3yeT CONPOTHBIEHMe 00paboTKe B cilydae COEMECTHOIO AEMCTBUA HECKOJIbh-
Knux obpabaTsiBalOUIMX 9JI€MEHTOB.



