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METHOD OF DETERMINING PRODUCTIVITY OF FROZEN GROUND RIPPERS
i. G. Basov, N. A, Dubrovskiy

At the present time tractor-mounted rippers, slot (bar and disk-cutter),
percussive and vibropercussive machines as well as the driiling-and-
blasting method are employed for breaking up frozen ground.

The productivity of equipment designed to ready frozen ground for excavation
is determined by its design features and by the ripping or loosening tech-
nique employed. But in spite of differences in the operiating pranciples
‘employed by various ripping-type equipment, it can be determined with the
general formula
Qm Zluteke
. : 4

wnere v -~ average rate of movement of the working implement which breaks
up or loosens the frozen ground, m/hr; P ~— average cross-sectional area
of ripping swath, mZ; krp: knp «-= factors which take inte account the ef-
fect of soil properties and depth of ground freezing respectively; ky —-—
factor which takes into account time losses on auxiliary operations amd
determined on the basis of expression

"f:g%«' - 7.

v TH¥e!
T and Tg — duration of equipment main operation and time expended on
auxiliary operations; s —— quantity characterizing the correlation between

volumes of ripped or loosened (removed by ripping device) ground V; and
prepared for handling by excavating machine V and determined by formula

s=¥;‘- 3)

Utilizing relations (1-3), we shall examine the influence of technical and
technological ‘factors on the productivity of various machinery.
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Slot-type rippers. Relation (1) for slot-type rippers will assume the form

Qu = Vp Fou 50 Kop Kom
Su

wnere v, —— operating rate of machine's movement m/hr; FurH By — slot area,
of depth Hy and width By, o2,

In expression (3) we shall substitute values V; and V and we shall obtain
= (Lap Py + Liofy) Fu.

where nj and ny — number of parallel-cut slots, lengthwise of length Lp
and crosswise of length Lpg reépectiﬂvely, an — depth of frozen ground.

Sn

Replacing nj and n, in the last expression with Lpp, Lno and the dis-
tances betweén tfie centers of lengthwise 1; and crosswise 1, slots; -and
performing the corresponding transformations, we obtain

- — o cam—— e

b Ly L' G Lly LelH,

&=(L_B,+l_l B, t)&

H,,

Usually when preparing for excavating frozen ground with slot-t,pc
machinery, Hy=Hmp.

Technical and technological factors influence productivity tarough coef-
ficient k;, which follows from expression {2), if in this expression we
replace T and Tg with their values

r-% Tym T+ Te F ¥y,

where T; o &:.;a_ - duration of lowering of ripper elrument at
- bt rate wg;

T ———

Bo—-8 — ripper element angle of rotation during lowering by amount Hys

Tm=«p—°—'-—-£v —— duration of raising of ripper element at rate uwpn;
o, .

T.,'z ﬁ —- duratior of unit travel from one slot to the next,
o at rate Vpgp-
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In this case expression (2) will assume the form

1
horz[e-n() sl

Solving equations (4) and (6) congruently, we obtain

K=

» PRy
bt whenean 51 L2

0., FakepKep .
I e R

Tractor-mounted rippers. Applied to tractor-mounted rippers, in relation
(1) the sectional area of the ripping furrow

F,= B,,,- H,,

Ay (7)

i B AU Kbt it s SR e it 34

e

B ———
RN

where H, -~ ripping depth duxing a single pass; £y
rediced width of ripping furrow; 3

b =— width of ripper element; y — computed furrow 3
slope -angle. , *

Quantity a for cutting angles of 30-75° is assumed to be 0.76-0.47 [1].

-Quanticy s for tractor rippers can be found from expression (3), which

after substitution of values Vi, V and performance of transformations will
assume- the form

s,-(l— B 1,1 _Be (8

s
R Wl me At i

To determine coefficient k¢ for tractor rippers, we shall sabstitute in
relation (2) values

Ts=— and T =l‘” s whlch will lead to formula
va - L 3 *

(9)
Then




Percussive. and vibropercussive equipment., Their productivity can be found -
with expression )

Q.= v, Fcb Kriknp"'ty
y = Pt

A SY

—_—

where v -~ average rate of lowzring of ripper element; F Blu, -— average
area of loosened clod:-on tipping cycle 1,, and witii.pass wi th B.

‘ The volume of loosened soil for determining value s according to formula ‘
: {3) can be ‘obtained from expression :

Vx = ﬂI;BHﬁ,

where n —— number of ripper cycles for the entire loosened area; H‘P -
r:l.pping depth.-6n one pass.

After repiacement in formula (12) of n by LpopLaoly -and the distance be-
tween centers of ripping swaths ll we shall substitute value Vj in ;
expression -(3) and, converting 1t:, we obtain
el
L Ll Iy

' In order to determ.ne coefficient k o e must substitute in relation (2)

3 ‘ values m Hs ~op ‘

E ,' *and Tg. The latter is determined by the operating .
e - principle ot the percussive unit and the-pdttern of its movement in the

ripping process. For example, when ripping frozeiu ground witk parallel

passes perpendicular to the edge of the excavation face and with cyclic

machine movement

To= Tooz+ Tauat+ Toept -+ Toemr

agH

where Taes = ——  — duration of raising of ripper element (load) np
§ . m one time to height H with rate of elevation vyggs
— duration of lewering of ripper element;
: T-n"h!'(
¢ Oz
— duration of machine travel from one position
T..,x ,__!.l; to another;
_" °~
i Taen g-—-b—- —— that percentage of machine transfer time from
] ' Ba Usey one pass to the next widch pertains to one ripping ]

: cycle, if the number of ripping cycles in the
& _ pass is equal to ny.
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“he final expression for determining a4 coefificient which takes into- account
t.ame losses on auxiliary operations of a percussive unit operating with the
#bove-indicated method, will have the form

{ LS [ (m‘*';::)'*';l;;’l.-r%')]}' (14) )

After substituting the value from (14) into equation (il), we shall ohtain

9, o] "“xl!ﬁlﬁ e ’ai‘l‘ "m‘ﬁ‘ii;‘u P

Q== lﬁ'xmlx” 1 s A
si-+g [nnH (—~ + ——) +o- (et ﬂ)]}
Us H1 Uvz Vran Coep ny
(15)
When breaking up frozen ground with vibropercussive equipment, b
Te= Tuas+ Toupt + Toegz,
where p _ H — time required to elevate working element to height
°°‘_ —; Daon H at a speed of vpgp.
Then 1
Kypy = (16)

A o Casd) |

and

F,
Q'y = 1 l qx" T . & ;Q, (l7)
Sy {-~ [ e I o
. b
i bz
Drilliug equipment. The productivity of this equipment can be obtained from { “..é
the expressicn - . ] g j
-_— . - A >
L L L 4
s SN -
3

%
{
o
(]
pat
)
]
h
n
=2
Q
T

vhere vg ~- average rate of shothole drilling; Fogm —.
hole of diameter D. — 4

L.,

where g = --—-+- — coefficient of ’correlatipn between the areas
anl-uo being drilled and prepared for brezking up;

. me

CRLIN e ST I i b ST, o
T R Gt
' .
b

Ly and L, —- length and width respectively of area in which shotholes- are
being drilled; n,q — number of shotholes of depth H,.

"
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After substitution of quantity ny by distances between rows of shotholes -
between shotholes in a xow 1z, ‘as well as Lj and Ly, the last expression. wiil

assume the form .
1 1 ] 1\~
Sa -th ( —— —_— °wn
) 4 +1—2)(lz +Lg)H

Time required to drill a shothole

~
]

Time spent on auxiliary operations

Tn == Tl’l+ T. + Tnepl + Tn!p?-

where H — time to move drill distance Hp;
: n 1)6
: * v, - time to remove drill from shothole if H=hyytHn;
Ty = 2 :

; Dnep — time required for equipment to move from one
i shothole to the next;

Usep — percentagzé of time required by equipment to move
from.one shothole to the next, related to shothole
drilling cycle, if a row contains nj holes.

Substituting in relation (2) values T and Ty and performing transfoimations,
we obtain

1

“"”:L[.H(l Dr I (orle)]
H- Us Uy Unep ny |

-

S
P

Solving equations ¢18) and (20) congruently, we obtain

Q6 = : Fuun H..,x,,x,.

s_“ _[&(;?c.f_v-) ‘+ 5:-( b + fgz. ) ]

. Me (21)

On the basis of equations (7), (10), (15), (17), and (21) w2 have plotted
in relative units the relationships between the productivity of the above .
equipment and various factors (Figure 1, a—d), on the basis of which the
following conclusions can be drawn.




The factors which influence equipment productivity caw be divided into two
groups. -

The first group includes -those factors the influence cf whidk on the .
productivity of various pieces of equipment is approximately identical, that

is they are common factors. This group includes operating .speeds of machine
(ripping element) -travel and quantity s, :change in which strongly affects
productivity. Therefore when ripping ground with any method it is essential

to operate at maximum possible speeds: of machine (ripping element) movement
with an efficient ripping pattern, ensuring minimum possible quantity s.

The second group includes those factors which are characteristic only of
the given ripping method.

In preparing frozen ground for excavation with the aid of slot-type equip-
ment, substantial influemce on productivity is exerted only by common
factors, while cther factors are imsignificant (Figure la).
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(Key to Figure 1 oni preceding page, cont'd) 9 -~ rate of travel; 10 —
average area of loosened clod; 11 -~ rate of lowering of ripper elemént;

12- ~~ amount of lowering, 13 =—— number of impacts; 14 —- height of fall of
percussive element (weight); 15 — lifting rate of percussive element
(weight}; 16 — rate of fall of percussive element (weight); 17 —— ripping
cycle; 18 == uumber of cycles in row; 19 - height. of raising of percussive
element' 20 = ares-of shothole; 21 —- depth of shothole; 22 — quantity of
d=i11 withdrawal to initial position; 23 — drilling: rate, 24 — rate of
drill withdrawal; 25 -—- distance between shotholes in a row; 26 —— number
of .shotholes in a row

Tractor ripper productivify is also substartially influenced by ripping
furrow secticnal areas (parameters of ripper frame) and distance of
vehicle movement from one pass to the next. -We should also note that in
order to assess the effectiveness of tractor rippers with a ripping swath
narrower than the width of the vehicle (single-frame rippers), it is neces-
sary to take into consideration -a working factor, which is the ratio of
volure of loosened soil to essential useful excavation volume (foundation
area, ditch, ete). JThis factor will increase as ripping layers increase,
‘with an incredse in the ratio of tractor width to widta of ripping swath
and necessary excavation volume. An increase in the procecsing factor will
lead to an increase in the ccst of ripping frozem ground.

The pro_uctivity of percussive and v'Sropercussive equipment alco is sub—~
stantially determined by the number of impacts, height of drop and rate of
elevation of the percussive element, length and rate of machine travel. It
is advisable -to increase productivity not by increasing the number of im-
vaats but by increasing impact energy. In addition, productivity of per-
cussive and vibropercussive equipment is considerably influenced by the
depth of penetration of the percussive element (Figure lc, d).

In addition to drilling rate and quantity s, productivity of drilling
equipment is greatly influenced by shothole depth, rate of drill withdrawal
and distance of drill withdrawal to initial position (Figure le). To a
lesser degree productivity is influenced by the rate and length of machine
travel from shothole to shothole.

Drilling rate exerts less influence than quantity s and shothole depth.
This .means that it will be more efficient to employ a drilling unit on deep~
frozen ground and with ef‘icient shothole patteran.

The above method enables one to determine ripper equipment productivity
taking into consideration the combinéd influence of technical and tech~
nological factors. Only this approach to determining productivity makes
it pbssible to establish the advisability of employiag a gfven ripper uait,
depending on volume of excavation and climatlc conditions.
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METHOD OF DETERMINING PRODUCTIVITY OF HACHIN"‘RY FOR EXCAVATION OH
SEASONALLY-FAO { GROUXD

I. G. Basov, N. A, Dubrovskiy

Excavation of séasonally-frozen ground encompasses operations connected
with preparing the frozen ground for removal (ripping) by ripping -equipment
and removal of the prepared frozen and thawed (if necessary) ground with
excavating equipment. These operations may be performed seque,nta.:glly,
when excavation begins after preparation of the entire specified voluwe of
ground to be removed, or parallel-sequentially —- with partially time-
overlapping ground preparation und removal.

——— s
S,

y 4 n““ " oy s Lo
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-With sequential performance o. opnratims, totsl excavation time T, is
defined as the sum total time outlays for yrpparing frozen ground for
removal Ty and removal proper T2, that is

Ta=T, +T;. : () R
Indices T; and T) can be determined with relations -
B 1 74 \ .
rl"_—:— s (2)
P i 3
oy V . 3
Ty=—, . {05 E
Py T ) %
p Py, Py K
where V -~ volume of frozazn ground to be excavated, m7; 3
productivity of ripper and excavating unit respectively, m3/hr 2
Knowing volume V and grownd excavation time Tn, we can determine combined fg
equipment productivity ,f
§,_V 3
éQ.a X m3/hr. ) : 2,5
w7 . |
With sequential performznce of operatioms at jobsites vwith a considerable T i;
volume of excavation required, the time interval between ripping and s
' i
10 !
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removal -may .be considerable, and groind ‘prepared for removal wiil refreeze.
In order ‘o  prevent this with sequential performance of 0p°rations, it 1is
necessary to: gbserve the following conditionssy

- T = Tfm (5)
B RN - T T ) (6)

where Tcm - time required for refreezing of ground prepared for rewoval.

»

Parallel-sequential perforuance of operations is possible if there is a
‘certain ‘quantity. ¢f ground prépared for removal walch at any moment during
the combined operation of the ripping and. excavating équipment should be.
greater tban a specifled nﬂnimum,allowable quantity. The latter ghould be
selected or the basis of ‘observance .of the ‘condition -of '‘securement of safe
and uninterrupted c¢oncurreat operation of excavating -équipment andg rippars.
Depending on- the correlation bgtween the preductivities -of the units wor king
in combination, in thé procees ‘af concurrent operations, the volume of
ground prepared fof Temoval may be increased reduced, -or may remain con~
stant., The chardctor of change in this quanuity and the correlation:
between equipment productivities determlne ‘how much sooner the rippers
should go to work; if this figure is known,,one can coazpute the time
required to excavate a specified volume of soil -and thus the productivity
of the combinsd equipment.

Table 1 contains the sequence and relationship for deteriining productivity
of a.combination of ripping and excavating equipnent.

Ttus the above method enables one to:

1 Determine thé possibility of setting up equipment combinations
for crxcavating ‘seasonal-frozen ground, employing various rippers and
excavating -equipnent, with the aid of restrictions (5) and (6)., contained
in Table- 1 under identifying numbers- 10-and 13,

2, To determine the productivity of equipment combinations,
‘taking intc- account the combined influence of technical and technological
factors, equipment design and principle of operation, soil characteristics
and climatic conditionms.

- ‘ 11
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Vimia
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Ta =Ty T,
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Kcy to table: 1 -~ type of excavating equipment is selec.ed; 2 -- equipment
productivity; 3 -- soil removal time; 4 -- ripper (type) is selected; 5 —-
ratio of frozen ground loosened by riprer element to ground prepared for

removal; 6 -~ ripper productivity: 7

13

- - time of preparation of frozen ground
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B (Key- to Table 1 on preceding pages, cont'd) for removal; 8 —- minimum al- T

o lowable backleg; 9 -~ work time only of single-~type equipment; 10 — pos=-

! sibility of setting up combination of excavating equipment, with the condi-
tion; 11 -- combined operation time; 12 -- quantities to be determined;
13 -~ relations for determining indices with a correlation of productivities;

14 -~ tirce required to excavate a specified volume of dirt; 15 -~ productiyi-
ty of the excavating equipment combination
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TESTING EARIHFCU”TING EQJIPMENT WITH VARZING TOOTH SPACING IN
THE CUTTING CHAIN

A. ‘N. Shchipunov, M. P, Chasovskikh

Frozen soil was cut with Ural-33 and KMP bar-type units under field ccadi-
tions on a BTDT-75 experimental unit [3]. Standard chains were assembled
in nine cutting lines in; a “solid herringbone" zrrzngement. The ex~
periments were con&uctea with type I-80, ZTsN, and ZTsU cutters, containing
cuttinig edges 12 and 16 mm in width, as well as specially-fabricated cutters

(R-1) with a cutting edge width of 30 mm. The latter were mounted on a
KMP chain in five cutting lines, producing,a'O;JS m kerf.

Chain performance was evaluated on ti:e basis of the relatiouship between
cutting power requirements g of tooth pitch t in a "fan" pattern, and kerf
material thickness -h. Tooth spacing remained constant during the ex-
periments (Ural<33 -- t=20 mm; KMP -- t=18 mm; R~1 —- t=34 mm), Thickness
of removed material varied as a ratio of cutting rate VP and rate of feed
V. as well .as number of teeth in the cutting line.

‘Cutter spacing in the "fan" with a full (factory) set of chains and their
thinning remaiiied constant (Ural-33 —- t=20 mm; KMP —— t=18 mm). Only a

decrease in numbe* of cutting lines to five {(R~1 cutters) led to an increase
in spacing in the "fan" to 34 mm.

As is indicated by the obtained results (figures 1, 2, 3), minimum specific
power consumption is observed with a t/h ratio of 0 9-3 0 for the units
tested.

For the Ural-33 bar-type unit (Figure 1) minimum specific power require-
ments are observed ‘with a t/h ratio of 1.3-3.0 and & corresponding change
in removed material thickness from 15 to 5 mm. Change in the number of
cutters in the cutting chain from 63 to 36 results in a 1.75-fold increase
in&remdved—material thickness (Figure 1a, dashed line), and in the in~
estigated range of catting rates displaces values t/h=1.3-2.3 downward.
Minimum specific power requirements are observed with a t/h value of
1.8-2.0 and a cutting rate of 2.5 m/sec. An increase in the number of
cutters with unchanged feed and cutting rates increases the t/h ratios,
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Figure 1. Relationship between specific power requirements g of bar-type
cutting unit and ratios a) t/h and b):_!'.ih when cutting frozen soil with an
Ural-33 chain cutting unit with z=63 teeth (solid lines) and c=36 teeth
(dashed lines) and the following cutting syzeds: 1 —- 1.5 m/sec3 2 ——

1.8 m/sec;. 3 ~— 2.6 m/Sec; & -~— 3.5 w/sec. ZTsN cutters

and their values «ithin the range 2.0-2.5 correspond to cutting rates of 1.8
2.5 mhx. A further increase in the t/h ratio by reducing removed material

leads to an increase in specific cutting power requiremeni:iz to 4-5 kwh/m3
(Figure la). Therefore 1.3-2.0 can be considéred a reasonable t/h ratio for
the cutting chain of an Ural-33 unit.

Tests conducted with the cutting element of a KMP cutting machine -‘with the
factory chain set and in a thinned version indicate (Figure 2) that minimum
specific power requirements in the former case (solid lines) are observed

t with 2 t/h ratio of 1.0-2.2. Specific cutting power requirements vary with=

f

i

in the range 1.5-1.9 kwh/m3.

With a decrease in the number of cutters in the cutting chain, kerf material
thickness increases. and consequently, t/h decreases (Figure 2a, dashed
ilines). Specific cutting power requirements increase to 2.0-2.2 lwh 'm3,

 , Consequently it is not advisable to employ the cutting chain of a KMP unit
for breaking up frozen- soil in the thinmed variant.
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Figure 2. Relationship between specific power requirements g of the cutting
bar element and ratios a) t/h and b) t=b , when cutting frozen soil with a
KMP chain with 2=54 teeth {(solid linesy and 2z=36 teeth (dashed lines), and
cutting rates: 1 — 1.2 m/sec; 2 -~ 2.0 m/sec; 3 -- 2.5 mfsec; & —

3.6 m/sec. ZTsU cutters.

We should note that a reasonable t/h ratio for a KMP chain lies in the
range 1.5-2.5. An increase in t/h beyond 2.5 (Figure 2a) leads to an
increase in specific power outlays. An increase in cutting rate when Vo=
const leads to an- increase in t/h, which is due to a decrease in thicknest
of the. kerf material. Specific power outlays increase thereby in connec-
tion with the decrease in the volume of soil brcken up by shearing off soil
blocks. between cutting lines and increased internal losses in the cutting
element.,

A decrease in the number of cutting lines to five (R-1 cutters) and con-
segusxntly a 4. ~rease in the number of cutters in the set to 30, with
identical kinematic parameters of soil lvosening conditions results in an
increase in the thickness of the kerf material by 80 percent in com-
parison with the factory arrangement of the XMP cutter chain set.
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Relation q=£(t/h), obtained for cutters of this type, shows that reasonable y
‘t/h ratio values fall within a range of 2.5-3.5. Power requirements for

breaking up. soil remain practically unchanged in comparison with series-
manufacture -and thinned KMP chain arrangements and remain within limits of

1,7-2.0 kwh/m3 (Figure 3)..
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Figure 3. Relationship between specific power requirements g with a bar- >
type element and t/h ratios (solid lines) and £D ratios (dashed lines)

when: cutting frozen ground with a KMP chain with z=30 and the following

cutting rates: 1 —- 1.2 m/sec; 2 —- 2.0 m/sec; 3 -~ 2.5 m/sec; 4 —- 3.6 m/sec.

R~1 cutters.

Relations q=f(£) for various cutting chain arrangements (figures 1-3) were

obtained with different width of tooth cutting edge. Therefore we must

note that the t/h ratio does not yet fully describe the cutting process and

cannot serve as a basic indicator of appropriate tooth placement in the

cutting chain layout. In connection with this it is also necessary to i
analyze the == ratio, which more fully characterizes the effectiveness of ’
the conditions of soil separation and takes into account the existence of ?
soil blocks remaining between passes. i 3

f

As is indicated by the results of our study of the above-listed chain ar-
rangements (figures 1b, 2b, 3), the ﬁﬁh ratio varies from 0.1 to 1.6. In
the conduct of our tests cutters did not differ more than twofold in cutting
edge width. Soil blocks renaining between cutters for the tested chain
arrangemente comprised 2-8 mm. Larger values apply to the Ural-33 chain and
smaller values to the KMP chain using ZTsU and R-1 cutters.
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A reasonable L2 ratic for the Ural-33 chain (Figure 1b) in the factory
and thinned-oug version lies in the range 0.75-1.5. Power requirements for
soil ripping are minimal, ranging from 1.5 to- 1.9 kwh7m3, with a change in
cutting rate from 1.5 to 2.6 m/sec.

Miniuwum pcwer requiremeats in cutting with the KMP chain both carrying
series-manufactured ZTsU and experimental R-1 cutters lié in the range 1l.7-
2.0,kwh/m3, while the Eﬁé ratio varies thereby from 0.1 to 0.6. A ratio
change above 0.6 leads to an increase in soil loosening power requirements.
An increase in kerf width and consequently a decrease in the £D ratio

(Figure 2b) below ‘0.1 also leads to an increase in specific power consumption
for cutting.

For example, a change in the &b ratio with v ,=1.2 m/sec (Figure 2b, dashed
line) from 0.1 to 0.08 or by IETS percent léags<to an increase in spacific
power requirements of 11.7 percent. A further decrease Zn the L=R ratio
leads to clogging of the cutting chain and consequentiv to overloading .the
cutting unit motor.

Synthesizing the results of this study, we can conclude that the design
parameters of the cutting chains of the Ural-33 and KifP cutting machines
most frequently ewployed on ground-cutting equipment are far from efficient
for loosening frozen soil. The KMP chain pitch is commensurate with tooth
cutting edge width, in connection with which there is practically no
utilization of the possibility of reducing specific power consumption with
an efficient cutting process. Reduction in the number of teeth in the
chain, alongside an increase in the width of their cutting edge and
decrease in the number of cutting lines does not lead to an appreciable
decrease in the specific power requirements for loosening frozen soil.
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SELECTING PARAMETERS FOR LOOSENING FROZEN SOIL WITH A MULTIPLE-
TYRE CUTTER ELEMENT

e M. P. Chasovskikh, A. N. Shchipunov, I. G. Basov, I. V. Fiskevich

DRI
PRSI

Investigation- of the power requirements for loosening frozen soli in
relation to- cutting -parameters (pitch t, width of cutting edge, kerf width)
on- standa‘d-mcdel earth-cutting -equipment under field conditions involves
considerable cost in fabricating cutting chains of various cypes. There-
fore -‘these experiments were performed on a:special unit which has the
capability of cutting a rayer..of frozen grou_pd with a single cutter.

- The design and operation of this unit are described in detail in reference
27,
In these tests kerf widtl varied from 5 to 20 mm, and pitch t from 10 to

60 mm. We employed cutters with a cutting engle of -60° and 75° as cutting
tool. In all cases cutting edge width b (cutter width) was 10 mm.

sy

sl 3,1
a

" As a result of these experiments we obtained a relationship between
e -specific cutting force k; and cutting pitch t with varying kerf width
g : (Figure 1); from which it fcllows that with an increase in pitch to 30-

K - 35 mm:-with a kerf thickness of 30 mm, specific cutting force is reduced.
2 A farther increase in pitch leads to an increase in specific cutting power,
which is due to shift to cutting from a smoothed surface (blocked cutting). f
A decreasa -in kerf width to 15 mm leads to a decrease in optimal pitch to \
25 -im, ‘while with-a 10-mm kerf 20 -mm is an efficient spacing. X

< Specific power requirements for loosening soil were computed according to
k' a formula in [3]: i

- p
;"" ¢ =0.0272s~;p=0'0272“’.

where P, -- average cutting force, kg; Scp -~ average cut section, cmz;
E- k, -- specific cutting force, kg/cm4.
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Figure 1. Relationship between specific cutting fgrceAand spacing E_wifh
varying kerf width (@ ~- 20 mr; b — 15 mm; ¢ — 1C mm) -and: cutting angles:
1 --60° 2 —75°

An efficient t/h ratio for specific soil-ripning power requirements

(Figure 2) for a cutting angle of 60° and 75° with a kerf width of 15-20 mm
ranges from 1.3 to 2.0. A kerf reduction to 10 mm increases ‘this ratic to
2.5~3.0 (Figure 2). Thus one can consider the above-specified kerf thickness
h and Spacing t efficient, since one cbserves a prackically complete separa-
tion of soil blocks between passes. With an increase in spacing above an
efficient value (in our experiments, greater than 40 mm), there began to
remain soil blocks up to 8~10 mm high.

When employing a cutter with an efficient spacing, soil block breakup in
our opinion is due to the process of periodic displacerent of compacted
core along the forward surface of the cutter under the ipfluence primarily
of the normal and tangential ccmponents of the cutting force. The presence
of a compacted core in the cutting zone is confirmed by many investigators
[5, 6]. Frictional forces develop as a result of pressure by ‘the compacted
core on the lateral walls of the cut, between core aud block. Under the
effect of pressure and frictional forces, the iategrity of the soil
situated: aioag the lateral walls .of the cutter is-disrupted, and the soil
is entralned by the displacing compacted corxe. This entire process takes
placé with a -complex stressed state of soil layers adJacent to the cutter.
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3 kerf thicknesses: 1 —~ 10 mm; 2 -~ 15 mm; 3 ~- 20 mnm. 3
g _ 7
b - The character of change in specific power outlays as established by our %g
Fe. experiments, in relation to the t/h ratio (Figure 2), is explained as fol- . §
i lows. - 3
2. %
. With an initial increase in kerf size with the cutter operating, a reduc-~ ;%
> - tion in specific power outlays is due in the first place to an increase in . o
T i the absolute kerf thickness and in the second place to a gricdual approx- E'
b i imation of the t/h ratio to an optimal: value. &
o . ‘

& - With small kerf thicknesses h<10 mm and high t/h ratios, soil blocks.

: remained between cutter passes. The presence of small soil blocks in-
creases the contact height of the cutter lateral faces with the soil, and
the latter begins to work under conditions of blocked cutting, which in
the final apalysis leads to an increase in specific power expenditures to-
separate soil from the soil body.
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Thus, when cutting frozen soil with a single cutter there exists, aepending
on spacing, a quite definite kerf width, -as well as t/h ratio at which

g specific power expenditures are at a minimum. A change in earth ‘thickuess
i and t/h, either upward or downward from the efficient values (Figure 2),

Y worsens soil~loosenin° conditions and diminishes the effectiviness -of this

'%>' o ce3s. The above statements also: apply in describing the iufluence of the
ratio (Figure 2). ’

'
(11N

1
i,

The tests we conducted with a singlé cutier enabled us to establish the
general nature of change in specific cutting force and _power requirements .
for breaking up frozen soil, as well as to elucidate the. po°>ib111ty of

j: establishing efficient t/h ratios (Figure 2).
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We tere urnable, ‘hovever, in the process of tnése experiments to seciure.a
sufficiently-prec se approximation of conditions of cutter work..ng in tﬁe
kerf slot. With chain cutting in a herringbone slot -arrangement, the cittetrs
of the: middle - cutting line; the first to-cut furrows, separate the: so..l

4n blocked conditions. In this instance the degree: of inflienca of soil.
breakdovn process ‘indices by the middle-linez cutters on overall :force and’

-power ;.ndices of a mltiple-type cutting -element also changes with.a ‘change
in kerf: thickness. B .

”"

In order to ‘vérify obtained recommendations in cutting with a single cutter,
we: _.ado additional tests on cutting .chain arrangement with a. varying ‘number
of cutting; 1ines:. (11 13, 15) ‘Spacing changed in connection with:-change in
‘the number of cutting lines, with spacing for chain No 1 s cutt‘ing Iines)
22 mm, No Yc No 2 (13 cutting lines) ‘and No 3. (11 cutting 1ines) 26 and 33 =
respectively. Slot width. remained comstant,. Bm:O 36 m. We employee Z-s;r
and" I-80 cutters with cutting edge thickness b=12 mm. In connection witn

a: proportional change in the number of catting lines and constant cutter
spacing in a single cutting line, kerf thickness, with ‘congtant kinematic
parameters: (vp, vrp) and depth of slot, remainedconstant for all ciitting
chains: “THe number of cutters varied from 75 (No- 1) ito 65 (’Zo 2).-and

55 (No 3)s

Ti:e rcsul ts obtamed from our-experiments \Figuro 3) indicate thai. with a
kerf width. of: J.O-LO mm, an efficient t/h ratio varies from l 8 to 3. S for
the: invsstigated range of cutting rates.

* The paftern of change im relation q=f (5) agrees with tne results ohtained’
) in curting with chain elemerits from:¥M? and Ural-33 cutring machin._s and
‘a single cutter with change in spacing CFigure 2)

Tests, establ: -shed thar -minimum: power requirements ;‘:‘of> soil breakdown are
observed with: ‘a snacing of ‘t=26=33. m- and kerf width of 15~20 om, whereby
the t/h ratioc 4s 1,7-2.8, which doas not quite .agree with the results
obtained in cuttino with a single cutter and-change in spacing (Figure 2).
The difference in ontained results is due to thé operating conditions of
‘the singie cutter and multiple-type cutting element. In the former case
influente is evidently exerted by the presence. of an: ‘open wall for ‘removing
loosened soil from: the cutting zone. With !nultiple éutters. operating in
the kerf slot, cutter operating conditions are worsened in connection with
the presence of broken-up soil in tha operating zone, ‘soil which- 1s rex::oved
from the kerf to the- surface by the moving cutte‘rs and chzin 1inks.

The relationship betwoen snecific pow: ¢ outlays: and: quantity T (Figure 3b)
is. similar to the t/h ratio (Figur 3a); minimm- specif c powet outlays for
'goil breakup and transport are observed with.a ratio £3R=]1,1-1.6: (Figure 3b)
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Figure 3. :Relationship between specific power outlays ¢ with a TM~5 bar-
type element znd t/h and &2 ratios in chdin-cutting frozen ground with. 15
{éo11d. Tifies), 13 (dashed Ei es) and 11 (dash-dot lines) cutting lines and
at- -the-following: yu;ting rates: 1 — 1.37 m/secy 2 == 2.0 m/sec; 3 ~-

2.5 mlsec

In addition, we mhst‘gote the influence. of cutter width on the above-
indicated: pazameters in ripping frozep ground. For example, tests conducted
with a single. cutter with a width of 10 mm indicate that it is entirely
adeguate for ripper elements, proceeding from -the effi cient ratios obtained
in sing;e—cutrer cutting and muitiple elements from the XP and Ural-33
cutting machines, and a special element ‘based on the TM~5 unit.

From the obtained results one can conclude that a ratio t/n=1.7-2.8 is the
mnost efficient tlh ratio for chain~ripping frozen s0il, while the most

efficient 33& Fatio is 1.1-1.6, with a kerf width:. of 16-20.mm.

The ratios- establishad in the process of experiments involving ripping with
a single cutter-and-multiple~type ‘ripper elements enable us to substantiate
ealection of efficient soil ripping parameters. Paramefers can be
‘selected i the following sequence.

1. Requisite kerf width By is selected on. the basis of the unit's use.

K
) 2. Reasonable removed material thicknesses h and t/h ratic are adopted. .

For xipping:frézen soil with chain-type ripper elements, kexrf thickaess
shoudld be at least 15-20 mm, while spacing is computed with the fermula

t= (1 07-?--8)}‘0
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If cutting tool width is b;}O'mn;-spacing should be determined from an
expression in [4]:

tr‘,:b:*"(lo ]:-J- o;6)h;

3. Number of -cutting lines n; can be determined -from expression

<@
'

n.-.%liin

Quantity njy is always an uneven number.

4., Cutting chain length L, is :determined- in relation to-slot depth-and can
be determined .frem the relation- . .
Lymiyl,

where ty — chain spacing;. Zj ~— number of knuckles (links).

5. .Calculated parameters should be verified for prevention of cutting chain

clogging.
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o EFFICIENT SHAPE ‘AND  DIMENSIONS OF REINFORCING ELEMENT FOR
£ EARTI-CUTTING EQUIPMENT CUTTERS

e V. B. Leshchiner, I. G, Basov, A. N. Shchipunov

For the most part cutters designed for coal-miring :quipment are utilized

as cutting tool in ripping frozen soil with enmizzent with chain~-type

ripper elements. Most frequently the ripper elewents of this equipment

carry type ZTsN and ZTsU cutters, containing a hard-alloy insert in the

form of a round core sealed into a holder. Operatinz conditions for

earth-cutting .equipment are different from coal-cutting conditions. There-

fore the nature of weer observed on these cutters when operating on frozen -
soil differs from the wear occurring in citting coal. While in -cutting

coal th e rear surface of the tool is subjected to the most intensive wear,

on earth-cutting equipment there also occurs intensive wear on the -anterior .
and lateral surfaces. This occurs because the thickness of the removed

layer is greater in cutting frozen soil than in cutting coal. Therefore the
hard-alloy element does not .fu'ly protect the anterior and lateral surfaces

fron wear.

Abrasive wear on the holder beyond the reinforcing core occurs as a result.
As a result of this it soon -becomes exposed and subsequently breaks off.

Field tests in the winter cf 1969 on the TM-5 unit estsblished that type
ZTsN cutters experienced a maximum degree of wear after cutting 600 meters
of ditch. The cutting operation was in heavy, silty loam, which was

frozen to a depth of more than 2 m and did not contain-solid and rock inclu-
sions.

Particularly rapid wear was observed on cutters operating in the end lines
under conditions of blocked cutting.

In the course of this experiment we also tested type I-80 cutters, the
hard-alloy insert in which is in the fum of a plate 15 mn in length. Cutters
of this type differ little in geometry and dimensions from type ZIsN cutters.




%

o

The- tests established that a hard-alloy -plate of these dimensions does a

~bprter job_of protecting against-wear the anterior and léteral surfaces

of ‘the tool in comparison‘with 2 core-type insert on typés ZTsN and ZTsU
cutters. ”his ig i.idicated by graphs (Figure 1) which indicate the
relationship batween wear by weight of type ZTsN and I-8( cutters. and

" length of ditch cut.

‘9.25‘7 H

S

.»1“‘ :
0 muaw:.u

Figure 1. Relationship between wear by weight on ZTsN (solid lines) and
I-80 (dashed lines) cutters and length of slot cut, at the following

cutter angles of inclination: 1 — 0°; 2 —- 25°; 3 — 35°

The cutters of both types operated under absolutely identical conditioms,
since they were mounted simultaneously on a single cutter element. The
weighing took place after specified ditch segments h ad been cut, with an
‘accuracy to 0.01 g.

-Since weéf by weight on hard-alloy elements was approximately identical

for both types: of cutters and was many times less in magnitude than wear on

‘the holders, the obtained relationships graphically demonstrate the ad-
vantage of employing a reinforcing element in the form of a plate.
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There is .a-particularly large difference in wear for cutters operating in
.an inclined position. This is due to the fact that the perimeter of contact
between these cutters and the frozen soil is greater than that of cutters
mounted vertically. The reinforcing element of the ZTeN cutters in this
position is-practically incapable of protecting the holder against in-
tengified abrasive wear.

In .spite of the fact that the average thickness of layer sliced off by a single
cutter, computed with the well-known formula, was 11.6 mm in this experiment
and was less than the length of the hard-alloy plate oun the I-80 cutters,
wear on the holder behind the plate was nevertheless observed on these
cutters. The wear zone along the anterior face was located at approximately
20 mm. from the cutting edge. This caa be explained by the fact that :the
actual thickness of the removed material varies within a fairly broad range
and can reach values almost double the average values, The reason for
such fluctuations is the high degree of nonuniformity in equipment opera-
tion which is confirmed by an analysis-of oscillograms of the operation
process:
The major role here is played by unevenness in equipment feel rate, which
can be described by the following dynamic~response factor:

K, —nme

Va

where v maye — average peak feed rate, m/min; vy — average feed rate
value in m/min, used in computing average kerf thickness.

Quantity ky, determined by oscillograms, ranges between 1.6 and 1.8.

Since the thickness of the sliced-off layer varies proportionally with the
rate of feed, it will assuime values of 1.6-1.8 times the average thickuness

respectively, and can reach a value of approximately 20 mm.

This should bz considered in designing cutting tools for earth—cutting
equipment. erploying chain-type cutting elements.

Tool wear is greatly influenced by the shape of the cutting edge, a fact
which was determined in comparative testing of two types of special cutters
on a BIDT~75 unit.

These cutters were cast of high-speed steel and contained a-distinctive-
shape cutting edge: on cutters of the first type (we shall designate them
R-1) if was semicircular, and in cutters of the second typs (R-2) —
trapeziform. Otherwise they were identical. During this experiment we
established that the cutting edges of tke R-2 cutters wear down very rapid-
ly at the corners and assume a rounded shape (Figure 2). Asymmetry of
wear on cutters operating in the end cutting lines was clearly in evidence.

Rounding of the cutting edge near the corners occurs because they are
maximum-loaded, as a consequence of greatly uneven distribution of pressures.
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This confirms the -assumption made by V. D. Abezgauz [1] that "...as a
result of wear the profile of the working part of the tool tends to assume a
shape whereby even distribution of load from the forces of resistance to

cutting is achieved."

a g 8 &

Figure 2. Change in shape of anterior face of R-2 cutters through wear, in
relation to cutter angle of inclination to the plane of chain movement:
a--0° b - 10° ¢ -~ 35°

E - : Wear on the posterior 'surface of these cutters occurs differently, as is
B ] evident from Figure 3.

o

A L 0 & 812 KN 242w

g 64 812 B X2Zmw-
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Figure 3. Shapes of projections of wear areas on R-1 (a) and R-2 (b) cutters
onto the cutting plane

I

o,

o

The worn surface of R-1 cutters has the greatest width in the middle of the
cutter and smoothly diminishes to zero at the lateral surfaces (Figure 3a).
‘The worn face on R-2 cutters, on the contrary, increases from the middle
to the lateral surfaces {(Figure 3b), which also is a result of more in-

tensive wear at the cornervs.

1AW A

A S o

3 The results of determination of the wear by weight on R~1 ind R-2 cutters
operating under absolutely identical conditions indicate that cutters with
a trapeziform cutting edge also wear down in an absolute respect more in-
tensively than cutters with a semicircular cutting edge. Figures on wear

by weight are contained in Table 1.
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284 I 830 | 2,020 12,280 | 2,250 | 3,360 3,680
. 487 : 2,060 | 2.380 | 2,630 | 4,920 | 6,240 6,720

Table 1.

L oo,
* W Lol
K 0 e bt by p——— s

Key to table: 1 -~ length of path in contact with frozen soil, m; 2 — wear
by. weight; 3 —= position “n chain

The following was established as a result of these experiments:

1. Cutters with-a reinforcing hard-alioy element in the form of
a round core (typés ZTsN and ZIsU) should not be employed in cutting frozen
ground Best results gan be.¢btained. by using teeth with a hard-alloy plate .

(type I-80).

2. In designing cutting tools for earth-cutting equipment with chain-
! type cutter units, the length of the hard-alloy plates should be approx-
; imately twice the average maximum projected width of removed material.

3. The cutting edge should be semicircular in -shape.

-
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FORM AND DYNAMICS OF CUTTER WEAR ON EQUIPMENT WITH CHAIN-
TYPE CUTTING UNITS IN RIPPING FROZEN GROUND

I.-G. Basov, V. B. Leshchiner, A. N. Shchipunov

Equipment with chain-type cutting elements is in widespread use in ripping
frozen soil.

The cutters on this equipment become dull fairly rapidly during operatiom,
which exerts substantial influence both on change in cutting forces and
on the mechanics of the process proper.

In connection with this it is important to know not only the quantitative
magnitude of wear but also the nature of the wear, dctermined by the form
and shape of the worn surfaces. In addition, this enables one to determine
the tool wear patterns, which is essential for determining its efficient
shapes and- dimensions. The conduct of studies in this area employing actual
equipment and under actnal field conditions makes it possible to determine
efficilency from the standpoint of wear and cutter plscement in the chain
unit.

Investigation of the nature of cutter wear in ripping frozen ground was
performed on TM~5 and BIDT-75 equipment with chain cutter units.

The cutting unit of the TM-5, mountad on a T-100 tractor, can cut a ditch
approximately 300 mm in width.

In this experiment the unit was equipped with a cutting chain with 15 cutting
lines. The cutters were mounied at an angle only in the four outer cutting
lines (two on each side), while they were mounted vertically in the remain-
ing cutting lires. In our experiments on this equipment we employed ZTsN
and I-80 type cutters, which are series-manufactured for coal-cutting
machines.

The BTDT-75 unit (mounted on a TDT-75 tractor) was equipped with a cutting
element which constituted the cutting element of the KMP-3 coal~cutting
machine. Special cutters cast of high-speed steel were employed for the
tests on this equipment.
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The cutting angle of these- cutters is 60° with a back clearance angle of

8°. The width of the cutting element, measured along the front face, was
30 mm,

The cutters were mountéd on the ripper element in five: cutting lines, in the
following position within the .chain fan: #35°, #10°, 0°. The experiments !
were performed under field conditions- in the winter of 1969 on soil not con-
taining hard -and rock inclusions. The soil was a. hedvy silty loam, frozen
to.:a depth of ‘iore than 2 m. Soil temperature at a depth of 15 cm was -6°,
and at a depth of 1 m —— -4.5°C. ‘The number of impacts with the Scientific
Research Institute :Gf Roads density mete< at these same depths was 135-190
and 50-65 respectively. ‘Soil moisture averaged 12 percent. Cutting con-
ditions remained constant throughout all tests. For the TM-5 unit cutting ‘
speed was 2 m/sec,. rate of speed: 1 5 m/min, and for the BIDT-75 unit —
2.3 m/sec .and 0.5 m/min.

Deviatioil of average rate of feed from specified rate in the process of
the testing did/'not exceed 4 percent, and cutting speed -- 0.5 ‘percent.

In order to: obgerve the character of the process of cutter wear we measured
wear after ‘they: had covered specified segments of ground. We recorded
sequential charige in profile on the posterior surface of the cutters, change
in configuration of the cutting edge along the anterior face for R-1 and
R-2 cutters, aud we also measured a projection of the wear surface on the
posterior edge onto the cutting plane,

All these measurements were performed with the aid of z special device
similar in defign to the profilograph developed at the Mining Institute

imeni A. A. Skochinskiy [11.

The posterior surface profile of the ZTsN and I-80 cutters was drawn omn a
scale 50:1, and of the special cutters —- 10:1. In each case we deter—
mined from the profile the amount of linear wear on the posterior face with
an accuracy to. 0;0L wm. The “projection of the posterior face wear area

was also drawn on a magnified scale, with its magnitude subsequently
determined by planimetry.

In plotting it for cutters mounted in an inclined position in the chain,
‘they- were mounted in a holder-adapter at an angle corresponding to their
angle of inclination in the ripper element. This was achieved with a

special holder design.

We should note that this method makes it possible to obtain the requisite
results faster and more accurately than when utilizing the impression method
for this purpose.

kl‘
hﬂﬁwmﬁwmm;‘.ums;\w»:wméﬁ;mamﬁ' i

The cutter wear profiles obtained as a result of this experiment (Figure 1) :
substantially differ in shape from the profiles of a cutting tool dulled in
planing rock [2]. While on the profiles obtainéd in this experiment it was
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Figure 1. Superposed wear profiles for the posterior surface of cutters of
the following types: a —— ZTsN; b — I1-80; ¢ —- R-1

possible tc isolate several zones, the largest of which was that zone where
the profile line remains parallel to the direction of cutter movement,
the profiles of cutters worn in ripping frozen ground constitute a curved
line without a smooth transition to the anterior face of the cutter and not
coinciding with the trajectory of its movement. A negative back clearance
angle formed as a result of wear. The possibility of this type of wear is
1 indicated by V. D. Abezgauz [3]. In his opinion the forming of a negative
clearance angle on the rear surface is due to uneven distribution of normal
stresses along the rear surface of the cutter, as well as differing degree
of intensity of crushing of the material removed in cutting, which is

transported along the rear surface of the cutting. tool and produces wear
on it.

. In our opinion this assumption will constitute one of the reasons for ob—
taining a wear profile of the above-specified shape.
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A certain influence on the forming.of a wear profile of this shape is also
exerted by deviation (lag) from the perpendicular by the cutter together
with the chain link. A particularly: large-dimension lag can be observed
with the employment of lengthwise-unbalanced chains, with the lag angle
increasing with rim wear on the links and bar guides. The lag angle on
these chains may reach 5-8°.

N The operation of chain equipment is characterized by a high degree of non~
uniformity. This is due both to the peculiarities of the mechanics of the
" cutting process and to the dynamic nature of movement of the cutting chain,
: - as well as the features of travel of the unit proper, characteristic of

4 ) chain drives in general. This is confirmed by an analysis of oscillograms
taken of the operating process on the TM-5 and BIDT-75 units. It is
evident frcm the oscillogram that the rate of unit linear travel is of a
clearly-marked jerky character.

In connection with this the direction of cutter movemént will not be

strihcly rectilinear. It will consist of individual segments at angles to
the theoretical path, which in our opinion should affect the nature of wear
' on the rear surface of the cutting tool.

and :analyzed relationships between the magnitude of linear wear and area
of dulling on the rear face, an. the length of cutter travel in contact
with soil (Figure 2).

g In order to elucidate the dynamics of the cutter wear process, we plotted
4

Sr®
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Figure 2. Relationship between linear wear A (dashed lines) and projection
of wear area on rear face S (solid lines) and length of travel L in com-
tact with frozen soil




It is evident fron the graphs-that. cutte. wear takes place unevenly on a
time axis, and- ti'e ‘wear process can be di..:ded into two zcnes. The first

zone is characterized by intensive wear. This is due to the fact that in

the initial period of operaticn therﬂ occurs chiefly not abrasive wear but
microscopic crumbling out of the thimest cutting ared on the cutter, During

subsequeat operation wear gccurs in direct prop01tion to path or travel in

contact with soil (secOna zone) Euring this time the cutting edge acquires
a2 stable shape znd -there occurs -a process of wear on the rear and side

faces of the .cutter.
‘Wear also occurs in cutting various types of rock [2, 3, 4].

The relations preSented in Figuré 2 cau be expressed in general form as
follows. In the zone of intensive wear .

A, =m07 u S, -5l

where 4, — magnitude of linear wear on the rear face during the period of
intensive wear, mm; Sy —— magnitude of projection 0f wear area.on the
rear face during that same period, m:n2 ki and k9 -~ factors determined by
the properties of the cutting tool and soil; nj: and:-n; =— exponents; L ~-
1cugth of cutter travel in -éontact with soil, km. These equations ref.t.ect

the process when .

o<l <le Lo,
‘where Lg; and Ly, —— length of cutter traveX in contact with soil, %o the
beginning of the second zone, km.

In the zone with constant intensity of wear

A= q+4¢ u)asxaghu —1),

where & ~- linear wear in the stable wear zone, mm, S — m _.. tude of
projection of wear area in that same zone, iu.fnz, A and S, -~ linear wear
in mm and magnitude of wear area projection in ma réspedtivelj, -at which
stabilization of wear intemsity occurs; A.and B — increase in linear wear
regpectively in mh and projection of wear area in mm? per km of cutting

path in the second zone.
The last two equations gppiy when L>Lgy, kg .

Table 1 contains values of the quantitios contained in the formula for the
relation presented in Fizuse 2.

The tests es..abl:«.sh that the magnitude of wear and position of the cutter
wear area are determined by their location on the cutting unit. Wear on
cutters operating in the side cuttirg line takes place in an asymmetrical
manner to the middle line anterior face, with this asymmetry increasing with
an increase in cutter angle of inclination (Figure 3). Measurements in-

dicated that the size of the wear area on the rear face for cutters operat-—
ing in the end cuttir~ lines is greater than that on the remaining cutters.
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mmm

Figure 3. Change in shape of antericr face of R~1 (a) and R~2 (b) cutters
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in a*@ifferent position on the cutter chain, during wear

The lateral surfaces facing toward the cutting face experience the most in-
teasive wear, as a result of which the hard~alloy reinforcing element
beccmes stripped. Observations have indicated. that cutters operating in
tiese cutting lines wear out soonest. When working under the described
conditions they had to be replaced after cutting approximately 600 meters

of ditch.
An analysis of our expetviments suggests the following conclusions:

i. The profile of the worn rear surface of the cutting tool does
rot correspond to its patk of movement. Cutters develop a negative back
clearance angle, which influences the mechanics of the cutting process.

2. Cutting tool wear occurs nonuniformly on a time axis as a result of
sequential crumbling out and abrasive wear.

3. Cutting tcol wear is affected by its location on the cutting unit.
From this standpoint the most advantageous placement is that whereby the
maximum possible nuwber of cutters are mounted vertically.
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GEOMETRIC ‘PARAMETERS OF MILLING-TYPE <UTTER ELEMENTS

. G. Basov, F. F. Kirillov, V. B. Leshchiner.

ﬂilleng-type cutter elements constitute a complex multicucter cutting tool
Cutter .pldcement caf. be extremely varied, and therefore a system-of co-
,ordinates oriented rclative~to the axi§ of the tool is. recommended ‘or
checking: the geometric -parameters of each. cutter: in any position. This
‘System makes it possiblz te¢: check both individual cutters in the msnufac-
turing process.and the -cutter ‘unit in ‘both a -§tatic state and kinematicall},
~and .also. facilitates ‘the :procece of design and ensures transition of the
—geometcic parameters of individual cutters::to the cutting uwait..

‘Cutters cf ‘various :design can be reduced to a single verification. system;
for this we introduce the concept of base plane, linked with the comnecting
part of the cutter dnd. selected taking into considera ion tool basing on: the
cutter unit and its movement in the process of operation, as well as the
axial plane runniug through the axis of the cutter and perpendicular £o the
‘base-plane:

PFigure 1 shows the position cf these planes and the correspouding angles
for cutters of :‘two types:

1. Cutters utilized on bar-type cutter elements, and other, similar
cutters.

2. Cutters of original and complex design employed for type ETR-132A
‘rotary 2xcavators.

Angles, are measured: in the following plane (Figure 1). Frmt clearance 8 —
the angle ‘between. the anterior surface and a plane passing through the
cutting edge and paraliel to the base plzane.

Back angle y — the angle between ‘the rear surface and a plame passing
through the cutting edge .and perpendicular to the base plane.

Back angle of lateral faces y; — the angle in a plane puxpendicular to a
-projection of the .lateral face onto the base plane between the lateral sur-

face and a plane running through the lateral cutting edge and perpendicular
-0 the base plane.
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Figute 1. Elements of cutter geometry. Type I ~— cutters employed on earth-
- cutting equipmént. Type II — cutters employed on type ETR-132A rotary

excavators, [l —- anterior surface; 3 = rear surface; 5 — lateral surfacze;
- a == Yorward cutting edge; h == latera1 cutting edge; 1 ~ base plane; 2 —

axial plann

For -cut:ters -of the second -type, in the process: of manufacture it is better
to check the rear or back clearance angle of the lateral faces in a plane
perpendicular tc the anterior surface and 1atera1 face.. We shall designate
this angle y,. The transiticn from aagle: Y3 to: Y, is effected according :to

the fol;ow1ng ‘formula:

tg i = g ricm .
Yhen mouuted ‘on the cutter usit (Figure 2), the axial plane for some cutters
dogs not coiuci&e with the milling custter plane at ang’e v, and therefore
the :angie valtes change.

The front clearance angle in the plan= of the milling cutter is

tg‘e" ‘gg *COS v,
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Figure 2. Diagram of cutter placement in the base plane on the cutter unit.

The back clearance angle is

B1o=1g7 .
Cos u

The side ciearance angle is

e =1tgy, ! .
CoOsw

In a@@ition,'tﬁe cutter base plane may not coincide with the btase plane of
the miiling cutter, which is a plane passing through the axis of the milling

cutter -and cutting edge (Figure 3). If the cutter base plane is displaced
toward the milling cutter axis, angle values equal
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With reverse displacement i =
?4": = p" + Bh %
- 1’ci= T’ - p“ 'E
. Tige = Tie — Bi. é
ke . We have been considering angles in a static position; during work operation g
w2 . they will change due to the forward movement of the cutting unit. The 3
2 2 LA magnitude of this change is determined from an analysis of actual cutter :
;,& 4 trajectory (Figure 4). ;
ML .
1A I
;""?‘?‘:vza:
_{;‘;\ . 3
N §
3
8 3
. 5 :
3 3
; 1
E Figure 4. Actual trajectory of cutter movement during operation. vy —- cut- B
E ting rate, v -- rate of feed 3
it C
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1. Circumference

The circumference and sycloid, constituting the actual t:rajecto'rjf of cutter
movement, is specified as follows with parametric equations.

¥y=R—cos¢-R
X =R-sin3.

P=R--cos¢-R
2. Cycloid v
Xx=Rsin; - R-"e,
Uy
The angular coefficient of tangent to funeciion expressed by parametric
equations is determined with the formula

S )

xF
The angular coefficient of a tangent to the circumference

K= Rsine _sing
Rcose cosg

The angular coefficient of a tangent to the cycloid

Ky = Rsine sing

Ré“'+:331 cos,-[-Rsl-.
4 ’»

{9

The angle between the tangents is obtained as the angle between straight
lines with known angular coefficients

:ge.._‘z':"_‘i..;._&;a_;’?,!.__, ‘ (10)
1 +xg‘”‘ '0, 1 +hm’__ :
% -

The actual cutting angles are equal to

s‘,l = Poc - &o
T2 = Tgc — eo
108 = 19 — O,

An analysis of expression (10) indicates that during cutter movement the
value of angle © changes from O to max when ¢=90° and then again decreases.

Change in angles in the cutting process should be taken into consideration
when designing cutting tools. This applies in particular to back and side

clearance angles, which are usually small. The rear surface may touch the
disintegrating cutting face due to the influence uf the rate of feed which,
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. 4 as was indicated by an investigation of the operation of bar-type earth-cutting
§ equipment, is extremely uneven and may exceed its average values twofold.
This also applies to the side surfaces of cutting tools operating in a posi-
. tion inclined to the vertical axis of the cutting unit (in the side cutting
lines). As a result of this there will be observed more intensive cutter
wear on the rear and side surfaces, as well as -an increased load on the cut-
ting machine.
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SOME PROBLEMS OF SIMULATING THE FROZEN SOIL CUTTING PROCESS
I. G, Basov, F. F. Kirillov, M. P. Chasovskikh

In simulating the the operation of equipment designed to rip frozen ground,
similarity criteria must be established.

It follows from an analysis of the results of -experimental investigations
that the force of cutting frozen ground is described by a system of para-
meters

P=f(l, 0,3, 1 % Es 1 %, 0p, On, &, g), Q)

where 1 —- determining linear dimension of the ripping element; p —— internal
friction angle; 6 — external friction angle; y -~ unit weight of soil;

Ogy — soil one-axis compressive strength; E —— elastic compliance coef-
ficient; p —— Poisson bracket; T — 50il shearing strength; Vp == cutting

rate; vh -- rate of feed; a — cutting angle; g —— acceleration of gravity.

Earlier investigations [2, 4] proved that there exists a functicnal
relationship between valwes ogy, T, E and- u; therefore in simulation soil
strength can be checked by any one-of these values, It is expedient to
utilize ooy for solving practical problems connected with testing soil
strength.

It is also necessary to simulate the process of removal of cut material in
stud; ing the operating conditions of cquipment with chain-type and milling
cutter~type ripping elements. For disk-type milling cutter machines it is
characterized by the following prrameters: geometric dimensions 1, separate

soil clump mass m, external friction angle §, milling cutter angular speed
of rotation w, angie of friction between soil and metal §°'.

On the basis of the above one can state that the process of cutting frozen

-80ll and soil material removal is described by the following system of
parameters

Pl .33, %, k, Uy Vgs 3,0, 3", (2)
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. Employing dimensional analysis and similarity theory, we shall establish a
criterion of similarity, As basic system units we have adopted 1, vy and
Ot

-‘Dimensionality of any magnitude in a mechanical system can be expressed by
basic units of méasurement [M], {L], [T].

Consequently,
U= (ML) 7]
v, = | M) LV 1T
= |My L] [T]2

The basic units of the system should be independent, and this independence
is revealed by system determinant (3)

0 1 0
A=10 1 ~1|=1=x0,
. 1 -1 -2
c According to (1] expression (2) can be written as follows:
2 __ . ¢ . 1
. 1 vy ali Fopal ' Fopoly opaly

~ T __. S d
l"v, °¢x ['0”" T ltg,o:pozyx * r.v;,az.. . (‘)

Values &; Bs Y ...%p; 835 Yg are determined from the condition that the
complexes contained in expressions (4) are dimensionless quantities

___ 1P (M) L1 [T]
I T foaal™  IEISLT T (M) 5 T
[Ml""‘ {nl—qq.ﬂ. [T]-:H.fb -,

~ =0, otkyma 7, 1;
i hagmo o wt:

_2+’z+’ﬁ’"0 ° “o

The first similarity criterion will be expreSaion
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The 'same method is. employed to.obtain the remaining. diménaionless complexes

H, = [I, =3 [, - _'I' Il é’
3“‘. - ;':.

1, 2 =2 [, = 2
U Wt

Siné= the procesges studi€d on a model and for full-size égquipment should be
alike, .the corresponding criteria for the model and for the actual equipment
should 'be equal,
ConseQﬁéntly it is essentigl that
. P P ' .
!1-:.—_-_——) = (2‘._::-) s Ba o ’:‘n =5 3": (--‘—l—) = (-:‘!.) :
N « Vo),

‘CA M

“(%) (G- (2) eeme
(;fl-)‘- = (;’s ). |

Since the linear dimensions of the model have been reduced n-fold, an
.analysis of criteria p 71

[z Cex- _°ca;

) indicates that in order to
r2tain jidentical.-values of the given criteria it is necessary either to
increase yy 6r to reduce goy M.

An increase in vy involves great difficulties, while with a decrease in
Ocutm- frozen. ground transitions to another physical state.

‘h

The- authors of [2, 3] have elaboratad a method of simulating the operation
-of excavating equipment with retention of soil properties. Assuming in-
dependénce of component .cutting forces for soils with fairly high cohesion,
cutting force is expressed as follows:

P.'PLOL +p£¢F",

wheze L -~ length of lines; py ~- average specific force per unit of shear-
ing line length, pp —- average specific force per unit of shear section
area; Fcp -~ shear area.

In moving from model ‘to actual equipment it is assumed that pp and p; re-
tain their values and are determined experimentally, while the intransitive

relation for quantities possessing dimensionality of force will be expressed
with the formula [271
Pll == IJ "'lo
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where n is an exponent with value 1<p<3; k1 -- model linear reduction
factor. :

The constant nature of pj, and the different -E— ratio for the model and the
actual aquipment produce fluctuations in €P quantity n.

.

Quantity pp depends on the cutting edge radius: of curvature -and soil strength,
Complete geometric similarity presupposes similarity both of the sheared-~off
material and cutting edge radius of curvature.

pors

For the purpose of determining the influence of cutting edge radius of
curvature on pj we conducted experiments on cutting soil with strings of
various diameter, while observing geometric similarity in respect to shear
depth and width, 1

The results- indicate that with an increase in string diameter p; increases . *
in direct proportion to its magnitude (Figure 1). Overaii string drawing
force is governed by relation (Figure 1)
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Figure 1. Relationship between general P and specific p; force of drawing a
_tring in sandy loam (Cwl7), its diameter d and linear scale of reductioa kj
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The task of investigation included determining transition relations from the
model to a full-size ETR-132A excavator. Building various-scale excavator
models involves considerable difficulties, and therefore this relationship
was determined in cutting with identic2l cutting tools of differing graphic
scale, whilz observing geometric and kinetic similarity of shear.
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The cutting unit of the ETR~132A excavator is characterized by complex
geometry of removed material for different cutting tools (Figure 2).
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Figure 2. Diagram of sequential soil cuts with cutting tools at the level

of the axis of rotation of the cutting unit of the ETR-132A excavator and .
its cutters with a linear reduction factor (left to right) of k3=1, 2, 4,
6, 8 _

In order fcr the shape of the sheared material for the experimental cutters
to conform more to full-size cutters, a cutting tool on the end line was

taken as a base.

In view of the complexity of cutting with a full-size cutting tool, the ex-

periments were conducted with cutting tools of linear scale k3=2, 4, 6, 8
(Figure 2) on a test stand [5] for cutting frozen soil. Cutting speed, width
and thickness of sheared material: for the mordels was spzcified from the con-

dition of performance of a full-scale unit with vp=l.44 m/sec, vn=52.1 m/hr.

The results of these experiments (Figure 3) confirm relation (7).

The graph (Figure 3) shows that determining siwilarity criterion
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Figure 3. Relationship betweea cutting force and criterion -zz- on the
-one hand ard model linear scale %n the other: 1 - sandy
loam (t=-6°; w=15%; 0gy=52 kg/cm®); 2 — loam (t=-8°; w=18%; Ucm“40 kg/cm?)

From theory [1] we know that equality of any two corresponding criteria of
similarity of two systems is an essential and sufficient condition of
similarity of these systems. In the system under consideration we have an
equality of seven criteria, and therzfore we can conclude that these systems
are similar.

In reference [2] the author states that ip cutting with bulldozers,
scrapers, and other equipment of this type, the kinematic parameters of the
model should form the following relation with the full-size unit:

P

For milling-disk and bar-type equipment, where it is necessary to take into
account the extension capability of the cutting unit and maximum clogging
conditions, we should retain the relation from the condition of equality of

criteria
(&)=,

hence 4
D™ Uy Xy .
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Conclusions

i. It has been established as a result of experiments in cutting frozen soil

while preserving strength properties with geometrically similar cutting tools, that
value n in formula (6) is equal to 2.

2. Trausitive relations from model to full-scale equipment bave the follow-
ing form: | .

D .2 7° -l
P“ b Puxb Ty =T, xf; o, =~¢§'“;{“3 .

Lty L=d Temti gemga
Px ™ py; 3; = 8;- ‘
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METHOD OF INVESTIGAIING THE -OPERATION OF MILLING-BISK EQUIPMENT
WITH THE USE OF MODELS

F. F. Kirillov' -

Investigation of excavating equipment onder actual excavating conditions in-
volves major dsziculties. In most cases certain assemblies must be
modified for tesfing purposes. This results in equipment down time and addi-
tional costs, which axe in direct prnporticn <o the size and power of tbe
equipment. It is not always possible on full-scale equipment to perform all
the. requisite investigations and to isolate all factors which affect the
mechanism ‘and features of the targét process (phenom_non). The -task is even
more complicated whén -studying equipment which operates in winter.

Fmployment of physical simulation methods developed by Soviet scientists
Doctor of Technical Sciences V. I. Balovmev [2], P. M, Alabuzhev [1] znd
others for studying excavating and minlng equipment promotes faster in-
vestigation and reduced costs connécted with studying full-scale equipment.

In order to study milling-disk equipment designed for excavating frozer soil,
the author built a test stand with the capability of simulating the opera-
tion -cf -this equipment. In designing the stand the .author tcok into coa-

o
VRN

"

sideration the conditien of dyzmamic :similarity betweea the structural design fé
of the full-scale equipmenc and the ‘model, that iIs the test stand possesses 3
‘maximm rigidity in the direction of fesd and minimum rigidity in a direction 3
perpendicular to the feed, just as on actual equipment. vg

kX
The test stand is designed to determines 1) optimal cutting conditions; E
2) power requirements of milling-type cutting by equipment of varying design f%
and with varying cutter (tooth) arrangements; 3) forces acting ¢n the cutter 35
unit and designed layocuts; 4) transition processes during eguipment operza- 4
tioa, such as the process of working the cutter unit inte the soil. %

5

The test stand was built. on the base of a T6-2 horizontal milling machine,
which consists of the following primcipal assemblies (Figure 1): 1) dynamo-
metric table to measure feed -forca; 2) dynamonetric milling arbor for deter-
mining torque on the cutting unit; 3) two slip rings to maintain contact
with the strain gauge sensing el.ments located on the miliing arbor and cutting

1
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p
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Figure 1. General view of test stand

element, with measuring and recording equipment; 4) intermediate support,

to which -are attached flexﬁﬂe:glemenﬁs with strain gauge sensors for recording
vertical forces; 5) model of the cutting unit of the ETR~1324 excavator; 6)
measuring and recording equipment: (UT4~1 amplifier, N~102 oscillograph).

Dynamometric table (Figure 2). In cutting differing—sttenggh soils, feed
iorces vary substantially, and- therefore it is necessary that the -table have

the capability of recording forces across a bxoad range. A table of the
fcllowing desiga is proposed (Figure 2).

ot

e i b — e o

Figure 2. Dlagram of dynamometric table

Upper plate 3 sits on base 1 on ball-type guides 2. To prevent separation
of upper plate 3 from guides 2, it is limited by stops 5 through ball-type
guides 4. Upper plate 3 is connected to base 1 by means of flexible element
6, constituting an equal~resistance cantilever beam. Wire strain gauge
sensing elements 7 are attachedé to the flexible element; with the aid of

these sensing elements feed forces are recorded by the oscillograph through ’

an amplifier system.
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Specimen 8 is secured to the -uppér, plate with the. -ald of strip 9 gnd two
side clamps 190,

Dynamometric arbor 1 (Figure 3) is pounted in: the milling machine spindle
cone. 1In the middie, by the setting cone, t‘xere is.a greove. for attaching
wire strain gauge sensing elements 2 at an angle of 45° to the arbor axis.
In the end section of the arbor there are drilled holes for runaning con-
nectino wires from the strain gauge sensing elements to the slip ring. The

slip ring 4s mbunted on the arbor and consists of e+eel bushing 3; on which two
bearipgs are mounted textolite oushing 4 with copper rings 5. Textolite
spacero 2re placed between rings 9, Textolite connections 7, contairning
cepper spring-loaded graphite brushes- 8, are paired in slip ring housing 6.
Pousing & is secured from turning by pin and fork 9.
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Figure 3. Dynamometric arbor

A second siip ring 16, designed by graduate student A. N. Shchipunov, is
screwed into the arbor end face for measuring forces on a single cutter of
the model. Permanent-magnet tachometer 11 is moucted on the housing.

Tha arbhor will bend during operation. The presence of intermediate support
12 eliminates the possibility of arbitrary arbor bend and, with the aid of
flexible elements 13, makes it pogsible to record forces acting on the arbor
in a ve;tical,plane. The arbor acts on these flexible elements through
bearing 14, which can displace upward and downward in flange 15. Hub 16
gerves for securing the cutter unit model on the arbor.
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The cutting unit model (Figure 4) constitutes a steel disk with shaped slots T
around the circumference, geometrically similar to the cutting element of an

ETR-132A excavator. The cutters are secured by screws, in contrast to the
actual equipment, but geometric similarity in dimensions and shape of cutter .

holders and cutters is preserved.

Figure 4. Model of milling-disk cutter element of an ETR-132A excavator

Measuring devices (Figure 5) are placed to measure forces on one cutter when
operating on the mcdel body. The mezzuring device (Figure 5a) is designed
as follows, for measuring circumfereatial forces P, and squeezing force P,.
A shaped slot is selected in the body of model 1, ir which rocker 2 is |
placed, which rotates on shaft 3. Under the effect of force P,, the rocker ;
exerts pressure on flexible beam 4 with scnsing element 5; force Py stretches !
beam 7., Rocker 2 is limited from lateral displacement by strips 6 and 8. t
i
|
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Measurement of lateral force P, acting perpendicular to tae plane of the
model, is effected with strain gauge cutter 2 (Pigure 5b), located in the same

Pl, -lt“’an

cutting line as the cutter for measuring P, and Py and cutting chip material E

equal in size and similar in shape. Extreme lateral displacements of cutter i 2

2 are limited by two strips 3. ; %
i

, 3

C2lculzation of model linear dimensions is an important problem, the solution E

of which is directly linked with the magnitude of errors in simulation and 3

with economics of employment of physical models. "3

. 3

According to studies [2], the coefficient of linear model reduction should ; %

satisfy the following conditions: § z

1 d o

il (Lot e
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Figure 5. Diagrams for measuring on the model: a —— circumferential force P, and
squeezing forceP,; b — lateral forces

where 1, -—- determining linear dimension of full-scale working -equipment;

d <= maximum linear diménsion of mineral fraction; P,y — force characterizing
the wo~“ing process of the full-size equipment; € -—— relative experimental
errors P, mayx —— Deasurement limit on working instrument scale; kgy ~-
instrument precision category; n -- exponent determined by nature of similari-
ty of target items; ky —- coefficient determined by the nature of the target
process and in studying the processes of cutting and ripping, k,=0. 2.

According to our investigations [3] the value of exponent n is equal to 2,
hence )

023 . 3 T
0,2 > l/ 5000-0,1-100
0,0006 '”'< o3

91 > xS 118

The cutter unit model of the ETR-132A excavator was fabricated with linear
reduction kj=8.
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MECHANICAL REDUCTION GEAR ATTACHMENTS FOR EXCAVATION EQUIPMENT

I. G. Basov, M. P, Berdnikov, B. L., Stepanov

Winter excavation operatins are little-mechanized at the present time, since
the high mechanical strength of frozen soil prevents the employment of con-
ventional excavating equipment in winter. There is as yet no series manu-
facture of special, efficient equipment for this type of operation, and
therefore construction organizations must frequently fabricate equipment with
their own resources. .

Promising equipment employed in working frozen soil includes special earth-
cutting equipment.(bar-type and chain-type). This equipment is successfully
utilized in ripping operations, in foundation excavation, and is practically
indispensabile in digging ditches for laying cable.

At the present tire the majority of construction organizations build their own
earth-cutting equipment on the base of S~100 and T-100 tractors. One can
explain the choice of these vehicles as base units with the following:

1) tractors of this type are available in all construection organiza-~
tions;

2) their engines are powerful enough to provide normal cutting element
operation with a high degree of productivity;

3) the tractors have power takeoff shafts;

4) the tractor's tracks and comparatively heavy weight ensure
reiiable cutting clement feed;

5) existing bulldozer equipment makes it possible to clean up the
site before cutting excavation slots;

6) the tractors are equipped with hydraulic gear which can be
utilized for raising and.lowering the cutting elements;

7) enclosed, heated cab makes it possiblé to utilize the vehicle
practically in any weather.
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For continuous operation of the earth-cutting equipment, its rate of .movement
‘should be-coordinated with the rotation speed of the cutting unit. Since
tractor speeds are considerably greater than requisite operating speeds, an
additional reduction gear is placed in the tractor drive line.

A tractor is modified into ‘an earth-cutting unit usually only for the winter.
Therefore installation of the. reduction gear should not require major design
changes in the tractor, while the reduction gear itself should meet certain
requisite demands: it should provide the requisite range of speeds, should

preserve existin g tractor travel speeds, should be as highly-efficient as
possible, and should be small in size.

It is not possible to place the reduction gear between the motor and trans-
‘mission or between the transmission and rear axle on the T-100 (S-100)
tractor. Therefore in order to cbtain the required working speeds, the earth-
cutting equipment designers either replaced the transmission with another one
or installed additional transmissions and even reduction gears between the
driving- and driven shafts of the tractor gearbox.

The majority of construction organizations proceed in building earth-cutting
equipment in the direction of fabricating separate reduction gear attachments,

both mechanical and hydromechanical, mecunted on the inspection cower surface of
the tractor gearbox.

Mechanical reduction gear attachments are incorporated into the gearbox
drive line without reworking the transmission housing, between idle gear m

-and reverse gear n (Table 1).

An advantage of this type of reduction gear is the fact that it does not
require an additional drive.

‘Studies conducted by the Tomsk Polytechnic Institute indicated that in order

to obtain maximum productivity from a bar-type earth-cutting unit designed

on the base of the T-100 (S-100) tractor, with full utilization of engine
power, depending on operating conditions (soil properties, depth of freezing,
depth of slot cutting, etc), speed of vehicle travel should range from 30 to
180 m/hr. Beginning in mid-winter, when the ground freezes to a greater depth,
these speeds range from 30 to 6C m/hr.

Reduction gears designed by the Gor'kiy Polytechnic Institute [4] and Tomsk
Mechanization Administration (Table 1, units 1-3) do not provide the required
minimum earth~cutting unit rate of travel, which prevents it from working on
deep-frozen ground and on heavy soils.

In connection with this the authors developed, at the request of the Tomsk
Mechanization Administration, two versions of mechanical reduction gears, the
employment of which provides eight slower tractor speeds (in a range of 30-
180 m/hr), while retaining normal travel speeds (Table 1, units 4-5). The
second version is distinguished by the fact that the reduction gear is
assembled of single-type gear units, does not have a worm pair or antifriction
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Key to table: 1 —— name of organization; 2 — Gor'kiy Polytechnic Institute;

3 = Tomsk Mechanization Administration; 4 — kinematic ‘diagram of reduction
gear; 5 —- working travel speeds, m/hr; 6 —— Tomsk ‘Polytechnic Institate

bearings. The drawbacks of these models include comparatively large size
and-weight.
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Tn connection with this t he authors developed a totally new reduction gear
design employing wave gearing. The new mechanical reduction gear is -gimple
in design, small in size and several times lighter in weight, attaches easily

and reliably directly-to the inspedion cover surface of the tractor gearbox, is
more efficient and provides the requicite earth-cutting working -speeds. :
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The wave gear transmission, first proposed by V. Messer in 1959, fairly soon
won wide acknowledgment throughout the world from engineers, technicians and

scientists engaged in designing new mechanical transmissions [1, 2]. This
transmission is attractive in that it possesses a nurber of advantages over .
conventional gear drive trains:
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1) compact design with a high gear ratio;
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2) greater load capability, since up to 53 percent of the total number
of gear teeth are engaged -simultaneously;

3) absénce of load on the shafts with a two- and more wave generator;
4) greater transmission smoothness and less noise.

At the ‘present time the authors are working on the design of added or attached
reduction -gears, both purely mechanical and hydromechanical, employing wave
gearing.

A mechanical reduction gear with wave gearing (Table 1, Unit 6) consists of
welded housing 1 (Figure 1) and mounting surface a, which attaches to the
tractor gearbox inspection cover. A wave generator rotates on shaft 2,
actudted by attached pinion 4. The wave generator contacts fiexible gear
wheel 5 through needle bearing rollers. The flexible gear wheel .is secured
from pulling and longitudinal travel on flange 6 and is engaged with rigid
gear wheel 7, which has two gear rims and is mounted on two ball bearings
secured v the wave generator.

R/\UNAY
////////“
o I D
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Figure 1. Mechanical reduction gear with wave gearing

A separate oil bath is provided for the wave gear pair and reduction gear
bearings.

The reduction gear works as follows. Power from the engine is applied
through the tractor transmission idle gear m to pinion 4 of the reduction
gear, mounted on wave generator 3 with a key and pin. The wave generator,
rotating, deforms flexible gear wheel 5, forcing it to roll on the interior
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gear. rim of the rigid gear wheel. But since the flexible gear is prevented
from pull:f.ng, the rigid gear must pull relative to the flexible gear wheel,
The applied power, transformed with the gear wheel rigidity, is applied to
the reversée pinion through intermediate gear p, mounted on the extended shaft
of .the idler gear. The reverse pinion should be in neutral position during
ope:;atiqn.

The ‘service: 1ife of the wave .gear mechanism is determined primarily by the
life of the £lexible gear wheel, ‘which in turn is detérmined by its fatigue
st_rength. 'l'he contact strength of the gear tonth surfaces in the wave
transmission is not limiting. Therefore particular attention in designing
equipment with wave ‘transmission should be devoted to selection. of a material
for fabricating the flex‘ble gear wheel and its heat treatment. In choosing
a :nateri'al for tne flexible -gear- wheel we were guided by the results of
studiea of flexible gear wheels of various steels for endurance .as published
in the literature [3]. ‘In our opinion the best steel for this purpose is
ShKh15, heat-treat:ment improved to a.hardness of HB=300.
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% For jierforming calculations on the components of the new reduction gear, we
‘: D utilize experimental data obtained at the institute while examining an earth-
L cutting unit mounted .on a T-100 tractor.

Thé above reduction gear provides the equipment with the most usable working
speeds for cutt:[ng frozen soil: 35.6 m/hr in low gear, 57 w/hr in second; <
68.5 m/hr in third gear, and 97.7 m/hr in hi;. gear.

&

-

Ir. .our opinion wave~transmission reduction gears of this type will be exten-
sively used in building various- earth-cutting units mounted on the T-100
-tractor.
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SELECTING A GEAR RATIO FOR A HYDROMECHANICAL REDUCTION GEAR

- I. G. Basov, B. L. Stepanov, A, N. Shchipunnv, I, V. Paskevich

It is most expedient to employ hydromechanical reductioa gears on T-100MG
! tractors modified as bar-type earth-cutting equipment. They can be employed
N without any changes in the tiactor transmission and provide a smooth change !
in vehicle working speeds of travel across a broad range. In this case the
tractor's flow of mechanical energy (engine-transmission-track assembly) is
replaced by a power train with built-in hydraulic tranémission: engine-pump--
- hydraulic motor-supplementary reduction gear-gearbox~track assembly. Most
frequently the hydraulic transmission unit of bar-type equipment consists of
an unregulated gear pump and axial-plunger hydraulic motor. In this in~
stance the vehicle's working speed of locomotion is controiled by change in
hydraulic motor rpm by throttling the pressure fluid, as well as by changing |
the gear ratio of the supplementary reduction gear and transmission. )

Earth-cutting equipment works frozen soil extremely varying in strength and

hardness and in degree of cutting tool wear. In connection with this the {
hydraulic motor rpm range is usually quite large, calculated to provide
vehicle travel speeds in a range of 15-150 m/hr and more., Normal vehicle
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operation throughout the entire range of locomotion speeds will be ensured 7‘;§

only with correct power selection of the pump and hydraulic motor, and gear oo

ratio of the mechanical transmission as a whole, é%

A convincing example is the operation of a TM-~5 unit with a reduction gear %

consisting of a NSh-46 pump, NPA-64 hydraulic motor, and a reduction gear 5

with a gear rctio of iy=7.93, connected through the gearbox access cover to 3

the reverse gezr in the tractor gearbtax. -

Measurements of the power requirements of the reduction gear hydraulic motor g

i indicate that power is directly proportional to vehicle travel speed v, and £

% ! inversely proportional to cutting chain speed v, (Figure 1). Maximum values ‘f%
B were observed when vp=1.3 m/sec throughout the entire range of change in B
]

£

E * feed rates (vy=30-110 m/hr) and comprise 0.21-2.0 hp.

vl
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Figure 1. Relationship between power Nn expended on travel and effective
hydraulic motor shaft power Njy and vehicle speed of travel v when: 1 --
p—2 .3 m/sec; 2 —- 2.0 m/sec; g -- 1,37 m/sec; 4 —- Ngy when 1y=7.93; 5 —
Nap when i=10Q

At any cutting chain speed, however, it was not possible to provide vehicle
travel slower than 30 m/hr by throttling the pressure fluid.

We know [1] that the effective pewer taken off the hydraulic motor shaft is

equal to ” .
!"" (45 10‘)-' 4P 9."‘1; n‘, l. £or ‘1)

where Ap -~ pressure. drop between the hydraulic motor inlet and outlet
chambers, }.g/cm2 q — working volume of hydraulic motor, om3
n,-q, — motor shaft rpm; qy ——- pump working volume, cm3; ny —

ny == 7 pump rpm; ny —— hydrauiic motor mechanical efficiency.
p )

‘At the tractor motor rated rpm of 1070, pump rpm was 1660, and n‘n=1245 rpm.
TM~5 vehicle travel at a speed of 27-120 m/lrwas secured by varying the
hydraulic motor rpm between 79 and 349. But we know that the mechanical and
volumetric efficiency of a hydraulic motor is substantially dependent on
shaft rpm (Figure 2) If we take nA-1245 rpm as hydraulic motor rated rpm,
then to secure a speed v;=30-120 rpm, hydraulic motor shaft rpm would cor-
respond to & change in- mechunlcal efficiency of 24-78 percent (Figure 2a,
shaded- zone). .
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Figure 2, Relationship bétween mechanical (a) and volumetric (b) efficiency
of a hydraulic motor and its rpm

Key to figure: 1 — mechanical efficliency; 2 ~-~ rpm-as a percentage of rated;
3 — volumetric efficiency; 4 -~ rpm

It follows from the relationship between effective power and vehicle travel
and ny. {Figure 1), obtained with équation (1) for a working pressure of

75 Lglémz and qg=64 ci3, that when v,<30. m/hr the power developed by the
hydraulic motor is insufficient for vehicle locomotion due to the very low
mechanical and volumetric efficiency.

In order to inr _.ase hydraulic motor full efficiency and to obtain the
higher effective pover essentiail for operation at low speceds of earth-
cutting vehicle travel, it is necessary to have the hydraulic motor operate
at higher speeds, by increasing the reduction gear ratio. For a TM-5 vehicle
it should he at least 10 in order to ensure z power of at least 0.2 hp with
=20 mfhr (Figure 1, Line 5). With a higher reduction gear ratio a
hydraulic motor will develop greater power, since it will be operating in a
higher rpm range, but this will require an iancrease in the size of the
additional reduction gear.

Tne following conclusions can be drawn from the above. Tractive force on the
track assembly providing earth~cutting vnit normal operation withiu a
specified range of travel speeds should be cbtained by selecting an
appropriate additional reduction gear ratio and change in hydraulic motor rpm
in a range of 20-100 percent rated rpm.

If an NPA-64 hydraulic motor is utilized in the reduction gear of a 7-100
tractor, the gear ratio of the supplemen’ary reduction gear should not be

less than 10.
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EFFICIENCY OF RIPPING FROZEN GROUND WITH THE COMBINED METHOD

I. G. Basov, N. A. Dubrovskiy, B. I. Yuzhakov

S
-

o In ripping frozen ground with bar-type equipment, the distance between siots
. in running ditches (Figure la) and the dimensions of the units in a slot
-network ‘in foundatior excavation operations (Figure 2a) are selected on the
‘basis of soil properties and .depth of freezing, as well as the opecﬁications
of the equipmetit used to remove the frozen soil. If the slots are closely
spaced, power requirements and-cost of ripping are substantial, and there is
in addition substantial tool consumption per volumz unit of earth. An in-
crease in distance between slots makes it more difficult to remove the
frozen soil, to load it onto trucks, as well as to backfill service and
utility line ditches. Therefore this problem must be resolved in such a
manner that, with the minimum possible number of slots cut, the frozen
ground is broken up to. a reasonable clod state. This is achieved by em-
ploying the combined ripping method, which consists in the following: the
bar-type cutter unit is followed along the slot by a mechanism which
periodically shears off the soil standing between slots in the direction of

the prior-ripped slot (Figures 1b, 2b, 3).
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Figure 1. Frozen ground' ripping diagrams for cutting ditches, employing:
a — bar~-type ripper; b -—— bar~-type ripper with hydraulic shearing unit;
++ ~ direction of movement of bar-type ripper
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Figure 2. Frozen ground ripplng -diagrams for excavating foundation areas,
employing: a ~- bar-type ripper; b —- bar-type ripper with hydraulic shearing
unit; - =< direction of movement of bar-type ripper

Figure 3. Character of disintegration of between-slot soil blocks with
hydraulic jack
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For the purposz of ripping frozen ground by the combined methcd, we fabricated
and tested, jointly with the Tumsk Mechanization Administration, a bar-type
unit (Figure 4) with an added mounted attachment for static shearing of
between~slot soil blocks with thé aid of an insertion-type hydraulic jack. .
This equipment is based or the S-100 tractor with a type KMP~3 bar. The
tractor-mounted hydraulic shearing unit constitvtes a welded frame with a
shaft carrying a suspended-mount hydraulic jack. The jack frame is mounted

- with the aid of main levers and return cylinders on hanger mounts on both
sides of the cutter unit reduction gear in such a manner that -the axis. of the ;
_jack frame and bar axis of rotation coincide when the bar is raised and

lowered. This makes it possible to ensure self-contained bar operation. A

roller support on which the frame shafts with hydraulic jack rests is

mounted on the bar for raising to the travel position and for lowering the
mounted device into the slot. This same support is a safety device which

prevents the shearing element from coming iato contact with the moving cutting i

chain. The working element of the mounted unit is- a short-stroke two-stage

telescoping hydraulic jack of a special design, hinge-attached tec the frame
shaft and held by a spring in the required position. The spring allows the
frame to turn relative to the hydraulic soil-splitting unit with equipment

continuous operation at a feed rate of up to 180 m/hr.

o o o

AN
Figure 4. Bar-type earth-cutting unit with hydraulic splitting-shearing
device

This equipment operates as follows. When runaing the second slot, the
hydraulic jack is periodically actuated, splitting or shearing the standing
soil block toward the previous slot. In the splitting or shearing process
the jack stops, and the frame, continuing to move together with the tractor,
turas relative to the jack and withdraws the rods of the lateral hydraulic
cylinders, which then, after completing the soil block shearing process,
return the entire frame assembiy to the initial position.

1
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This, equipment is capable. of splitting off -between-slot soil blocks 1.25 m
and louger, which quite satisfactorily breaks up the frozen ground for sub-
seguent excavation.

L1

Bar ripper productivity is determined with the relation

Q = T -Fs 1 Rip Ko Ny

. Ny <
s g (1)

-where Vp -~ average speed of the frozen ground ripper element' F, — average
cross-sectional area of the ripping path (slot area), m anlg

factors ‘iguring in the influence of -the soil properties and depth of soil
‘freezing respectively; ky -~ factor figuring in time loss on auxiliary opera-
‘tions; s — correlation between volumes of ripped frozen ground and soil
prepared zor Temoval.
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In-conformity with the recommendations of Unified Standards and Estimates
11, ki-p has’ ‘the fo.:low{ng values:

,
Vo

-Soil -group I I1 IITI w
krp I 0.44 0.31 0.13
‘The value of factor kpp is determined from expression
- w044 048 _
. Ho ' m
‘ - , where 'an — depth of ground freezing, m,

Coefficient k. can be epmputed with the formula

!

x':'z’,%-z-%_s—a)( _’)+f,":} ‘3)
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where L — average length of ripped slot, m. B, -8 — cutter unit angle of
rotation in lowering to a value H_u—an, w3 and wn —— cutter uait lowering and
raising speed respectively; Lnep ~— length of travel from one slot to the
next, m3 Vpep - speed of travel from one slot to the next, m/min.

i
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The value of quantity s can be determined from the relation
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- where 13 and 17 are the distance between the axes of lengthwise and cross-

wise slots respectively, m; Lgp and Lng —— length and width of ripped area
respectively, m; bm —— slot width, m;
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The éstimated cost of preparing one cubic meter of frozen ground for removal
can be determinied with the formula -

c' = cl."

Q’ - (9)

where CM_ -- estimated cost per machine-hour, rubles; Q5 ~— standard -average
hourly output, m3/hr. i

The cost of a machine-hour is determined with the formula proposed by S. Ye.
Kantorer [2] )

Civ = —E' + ’[‘ + Cm. ’ (G)

T T

where E and [ are one-time and year's expenditures respectively; Tyy and
Ty — number of hours of equipment operation on the given construction job
and in the year vespectively; C;z —~— current per-hour operating expenses.

Standard average -hourly output can be obtained with the expression

Q= Qb U]

where k, — coefficient of transition from production to estimate standards.

The results of calculations performed on the basis of relations (1-7) are

contained in Table 1, from which it follows that the productivity of a bar
ripper with hydraulic shearing-splitting device increases by 52 percent in
comparison with a bar ripper, while the cost of preparing 1 cubic meter of
frozen ground for removal decreases by 32.2 percent.

i %
R
-

Table 1.

Key to table: 1 — indices; 2 -- bar-type ripper; 3 —— bar~type ripper with
hydraulic shearing unit; 4 —— job; 5 -- ditch; 6 -~ foundation excavation
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ﬁx, METHOD OF EXPERIMENTAL INVESTIGATION OF THE COAL-CUTTING PROCESS
. WITH THE BUCKET OF A ROTARY EXCAVATOR

iy iy v
:

B. I. Prokof'yev

3
¥
ES

Rotary bucket mining excavators are the most promising type of excavation
equipmenc in the coalfieids of Kazakhstan and Siberia, the coal in which' as
a rule is quite hard and sometimes possesses considerable toughness as well.
- The need to build and utilize rotary bucket excavators is dictated by a num-
R ber of circumstances. The presence of a high percentage of volatile sub-

’ stances in the coal, promoting spontaneous combustion, hinders protracted
storage, particularly under heavy wind conditions, which is typical of the ,
Transbaikal and Kazakhstan. At the same time substantial fuel requirements Co3
in winter dictate the necessity of increasing coal production during this ‘ ié
part of the year. The presently-employed drill-and-blast method of coal - i
mining does not break the coal up into small enough pieces (not larger than

300 mm) and requires additional coal crushing and screen sizing.

EAE RS

8t et Aps ik
T e
}

s

A

5
2
X

coy

However, when equipping existing and newly-developing strip mines with
rotary bucket excavators, there arises the necessity of estimating coal

! . resistivity to excavation with a rotary bucket-type element -~ determination
- of the specific excavation force or effort. Computed specific excavation
= force or effort is one of the initial parameters of the rotary bucket ex-

] cavator, determining both the potential area of its utilization ard its

i productivity under given mining-geologic conditions on coal with specified !

strength characteristics.

S In spite of the many studies dealing with the operation of rotary bucket ex- |
z . cavators under field conditions, at the present time there is lacking in the
literature recommendations on parameters of relationships between the
physical-mechanical properties of coal and coal resistance to disiategration
with the buckets of rotary excavators. Imadequacy of accumulated materials,
: the complexity and multiplicity of factors affecting the process of coal dis-
? integratiqp and structure, influence of the scale factor, etc result in ;

failure to obtain any convincing results in determining this value on the .

basis of laboratory experiments. The most complete and reliable data on

coal resistance to excavation with a rotary bucket excavator in various

e e sl 5 s bt on ORI AG ofim B b

¢ bedding sectors can be obtained at the present time orly with the conduct . h
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of studies under field conditions or in analogue seams with the aid of
measuring equipment which most fully simulates the working process of the
rotary bucket excavator. The measuring setup should correspond to a maximum
degree to the main correlation of parameters and patterns of the working
process of the rotary bucket unit.

Since single-bucket shovel-type -excavators constitute the principal excavating
equipment at strip mines presently in operation and under development,
precisely this equipment should be utlilized as base unit for setting up such
a measuring installation.

For the conduct of the above-specified investigation on the Kukul'bey strip-
mining operation in the Kharanor c oalfield we developed [1] and subsequently
perfected a measuring device for the EKG~4 single-bucket strip-mining ex-~
cavator, a device which can determine loads acting on a rotary-type excavating
unit (specific resistance to cutting Ky and the components of coal resistance
to cutting -- tangential Py, normal P, and lateral Pg). The measuring device
consists of a frame and the cutting edge of the bucket of an ERG-400D rotary
excavator (or bucket). The adapter frame attaches to the arm of the single-
bucket excavator-with two pins and two- rods. By changing rod length one can
obtain the required cutting angle with a given cutting radius. The bucket
cutting edge 1s attached to the adapter frame by means of three strain gauge
pins and one rod. The strain gauge pins are mounted by the cylindrical part
through the frame lugs and are rigidly attached in a specified position.

The overhanging part of the pins is in the shape of a circular equal-resistance
bar, terminating in a spherical neck on which two electrical resistance
sensors are affixed in two mutually perpendicular planes. The cutting edge
of the rotary excavator bucket rests on the spherical necks of the strain
zauge pins. In order to reduce the loads on bucket-to~frame rear attachment
support C, the bucket lug is made oval in shape (Figure 1). Thus the strain
gauge pin of support C would perceive the reactions of external forces only
in one plane. Lateral forces acting on the bucket cutting edge are perceived
in this case by the strain gauge rod. Forces acting on the strain gauge pins
are recorded by standard strain gauge equipment, consisting of an electronic
amplifier and oscillograph.

As is evident from Figure 1, this system of suspension-mounting the bucket
to the adapter frame forms a statically determined support system. Im this
case the tangential, normal and lateral corponents of resistance to cutting
can be determined through the reactive forces in the pins with the following
expressions:

P. bt R‘ - R""; &.‘.
Po,=R,= R“ + _R.‘— Rc,.
P‘ - Rgo R

Thus with identical sensitivity of the bucket suspension strain gauge pins and
their connection into a half-bridge set up to add measured bending deformationms,
all three cutting force components are directly recorded on the oscillograph
tape.
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. Figure 1. Diagrar of bucket cutting edge suspension mounting on adapter
_— frame

Stresses In the excavator bucket raising cables were simultaneously recorded
as a redundant cutting force parameter. For this the equalizer pulley block
was attached to the adapter frame throughk the strain gauge axis. Specific
cutting resistances per unit of cross-sectional area of bucket-removerd
material Ky and its semiperimeter Kj are determined through the tangential
component of cutting resistance with tfhe formulas:

l,, »
Ke = ?f- , K2-cM®,

2 P
Ky ==X x2cu,
L
where F is the cross-sectional area of sheared material, cmz; L - semi-
perimeter of the sheared material, cm.
When employing in our investigations the cutting edge in place of the

bucket, in the cutting process we did not record forces expended on filling
the bucket with coal, its raising in the rotary movement plane, transmission .
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of kinetic energy to the material in the bucket, etc; we recorded only force
expended on disintegrating the material und from the weight of the cutting
edge. The latter are easily eliminated in processing the oscillograph .
recordings. Another important circumstance is connected with the fact that
in increasing sheared material area and height, which is determined by the

minimum possible cutting radius for the given single-bucket excavator, bucket
capacity will prove iInsufficient to accommodate the removed material. In

this case resistances to bucket filling may substantially increase.

For simulation of the operating process of rotary-type excavation, which is
characterized by a combination of rotor rotation on its axis and a turning
movement, it is necessary to maintain constant the cutting radius, as well as
cutting speed and turning rate of the rotary bucket. excavator to be used in
the stripping operation in question. However, both minimum radius value and
cutting rate were determined in this case by the performance capabilities of
the single-bucket excavator. Minimum cutting radius value was specified at

4.3 m. Uniformity of cutting radius was secured by wedging the beams at the
point of engagement with the rack pinions. The cutting procCss was effected
by means of the excavator bucket raising mechanism.

In this manner ve made a basic series of recordings of cutting conditions
with partial simulation of the operation of a rotary-type excavator, In
order to elucidate the influence of lateral bucket feed on the magnitude of

cutting force, we made several series of records with turning movement. For
this purpose we utilized the excavator's turning mechanism, with rate of turn

reduced to a minimum.

The parameters- of the sliced-off material were determined by the excavator's
horizontal turn and its 1ift onto the prepared cutting face.

In addition to power parameters, the oscillograph tape continuously recorded,
with the aid of wire potentiometers, such parameters as bucket arm turn in

the vertical plane, excavator turn (width of sheared material), excavator ad-
vance onto the face (thickness of removed slice), as well as l_:t rotor shaft

rpm.

Using the above-described method, we performed experimental investigations

to determine resistance to excavation of tough brown coal in the Kharanor
field under summer and winter conditions. The results of our investigations
indicate that with the aid of measuring equipment one can obtain, quickly and
with an adequate degree of reliability, the requisite basic computed

characteristics of coal resistance to excavation for a well-substantiated
selection of type of rotary bucket excavator.
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INVESTIGATION OF THE STRENGTH PROPERTIES OF TOUSH BROWN COAL IN
THE KHARANOR FIELD

B. I, Prokof'yev, N. K. Pozhidayev

The necessity of projecting the appropriate type of rotary bucket excavator
for strip mines in the planning stages or under development requires know-
ledge of the correlations: between the physical-mechanical properties of rock
and coal to be excavated and their resistance to excavation. In order to
establish such relationships- it is necessary to amass large quantities- of
statistical materials-.and to conduct comprehensive studies. We conducted
such- investigations in 1969 jointly with the research laboratory for
physical-mechanical properties of rock and coal cutting of the Institute of
Hydrodynamics imeni A. A. Skochinskiy, at the Kharanor lignite field, a
pronising coalfield from the standpoint of employment of rotary bucket
mining excavators., The program.of investigation called for determining

the: strength properties of ‘brown coal under field and: laboratory conditions,
in: two stages —- winter and summer, In addition to investigations on small
speciméns, ‘we determined the s;:quth characteristics of coal in the seam.

We conducted -our investigations on coal frem the New la seam. In the ex~
posed part of the seam we observed alternation of coal interbeds differing in
external appearance and structural-texture features. The coal was black or
brownish-black in color, of irregular or horizontal-stratified structure,
platy or fine-piaty. ‘The- rock interbeds, constituting cozly~clay shales and
claystones, were as a rule in the lower unit of the seam. Predominant in the
seam was -brownish-black dense ‘board- coal. with: clearly-marked cleavage per-
pendicular to the bedding. This coal alternates with 50-60 cm interbeds of
fairly dense coal of a thick gray color, -and uneven granular fracture. Coal
strength diminishes with a loss of natural moisture. The coal readily breaks
up- in the hands into fine plates.

Coal samples were taken at the test site with a rotary bucket excavator with

the aid of a measuring unit fabricated on the basis of a single-bucket ex-

cavator, as well as by width and depth of the seam being worked. Blocks of ) .
coal for laboratory tests were carefully treated with a double coating of '
paraffin, wrapped in cellophane and crated in sawdust. '
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. Coal compressive and tensile strength were determined by che method of

splitting off plates and crushing specimens of semiregular shape. This
method, proposed by the laboratory [1, 2], is relatively simple and fairly

. reliable. For testing purposes, we hand-sawed plates 40-50 mm thick from the
blocks of coal. The plate surfaces were ground on abrasive disks. The
splitting off of plates was performed on the basis of a grid of squares

§g' : placed on the coal plates, with the side of the squares equal to the thickness
Lol of the plate. Under field conditious -tests were conducted on the PR-2
B - instrument, and under laboratory conditions -- on multipurpose testing equip-

ment. The splitting was done with wedges with an apex angle of 45° and
point radius of curvature of 3 ma.

The cubes of "semiregular" shape obtained after splitting the plates, with
two facec polished, were crushed on a press. The remaining four faces of
each cube were not touched, remaining the same as they were after splitting.

On the basis of force and area of cleaving and compression, we determined

§ tensile strength op and compressive strength Ogy with formuia
P
3 = — K2fen®;
F o
. where o0 — cleavage or compressive resistance; P and F -~ force and area of

cleavage and compression of the specimen.

In addition to the above-iisted characteristics, under field conditions we
determined coal moisture content and strength coefficient f after M. M.
Protod'yakonov, determined by specific disintegration force by the crushing
method with the aid of a POK instrument [3].

The Moh r maximum stress circle curve (strength rating) comstitutes

the fullest strength characteristic of a material, making it possible to
establish the extreme state of a material under various correlations of normal
and tangential stresses, the magnitude of cohesive forces and internal fric-
tion angles, as well as compressive, tensile and shear strength of a material.
Of the existing methods of plotting strength ratings, the most reliable
results over a broad range of stressed states am obtained with the method

of testing materials under conditions of bulk nonuniform compression [4].
Therefore we plotted strength ratings based on test results in a Karman type
unit for three coal samples for a temperature alove freezing. The ex-
perimental Mohr extreme stress circle curves obtained with this method were
compared with calculated curves plotted according ro the M. M. Protod'yakonov
{5] and G. N. Kuznetsov [6] methods.

Figures 1 and 2 contain standard strength ratings of examined brown coals in
a frozen and thewed stae., It is apparent from Figure 1 that the computed curves
are very close to the experimental ones. However, the computed envelope

curve obtained with the G. N. Kuznetsov formula is in this case closer to

the exprimental curve. There f ore the G. N. Kuznetsov formula was employed

to calculate all envelopes, both for frozen and thawed coals.
75
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Figure 1. Comparison of calculated Mohr extreme stress circle curves with an
experimencal curve -(point PB): 1 —- experimental curve; 2 -~ calculated curve
plotted on the basis of the G. N. Kuznetsov formula; 3 -~ computed curve
vlotted according to the M. M. Protod'yakonov formula
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Figure 2. Calculated Mohr extreuwe circle envelope curve for frozen coal
{point PB)

In addition to strength characteristics, unda2r lsboratory conditions we
determined the deformation properties of thawed coals -- elastic compliance
coefficient and Poisson's ratio -- with the aid of the UPMI inscrument.
Calculation of elastic compliance coefficient E and Poisson's ratios u was
performed with the formulas
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. where Py — load on specimen at end of test, kg; P, — initial load on
specimen, kg; 1 ~— base on which deformations -are measured. that is distance
Detween ring centers, mmy F —— area of specimen, cm?; Al — change in base -
. value when applying load to specimen, obtained as a difference between final

and initial indicator readings, mm; d -~ diameter of specimen (lengtn and
width), mm; Ad -- change in specimen diameter when applying load, mm.

An analysis of the obtained test results indicates et coal strength changes
very little both along seam width and depth. An exception was the coal from the
- sample taken at one of the voints in the upper part of the seam which pos~

- sess the least strength. I1n the summer it was established that in a coal

seam section we conld sporadically trace every 1l.5-3 meters rock interbeds
about 20 cm thick, the strength of which was approximately that of thes coal.

The coefficient of anisctropy during compression ranges from 1 t0 1.9, while
for frozen coal it varies within a slightly narrower raage —— 1-1.5. Its
average values are 1.52 for thawed coals and 1.27 for frozen coals. Tensile
values are 4.1 and 2 respectively. Consequently, coal anisotropy (stratifica-
tion or beddiug) exerts greater influence on tensile strength than on com-
pressive strength, and particularly for coal in a thawed state. The co-
efficient of variation of compressive strength parallel to bedding is also
less for frozen than for thawed cozl, 4.4 and 12.1 percent respectively, that
is 2.75-fold. In determining compressive strength perpendicular to stratifica-
tion, the average coefficient of variation was 10.8 percent for frozem coal
and 11.6 percent for thawed coal, that is, a sharp difference is not ob-
served in this instance.

The ratio of compressive strepgth perpendicular to stratification to tensile
strength 1l
L )

averaged 5.2 (4.65-5.8) for frozen coal and 6.15 (3.84-8) for thawed coal.
In determining parallel to stratification,

Oex 1, — 9 .
= 86 (3,1—13.7) and 147 )82 —147).

respectively.

Strength of frozen coal is greater than that of thawad coal, on the average:

compressive strength perpendicular to beddirg — 2.2 times; -
compressive strength parallel to stratification -—— 2.1 times; ]
tensile strength perpencdicular tc stratification — 2.65 times;
tensile strength parallel to bedding — 4.9 times;

cohesion

S;ﬂl - 2.1 times. Internal friction angle remains

CTt

practically unchanged when coal freezes.
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Strength coefficient f, determined by the crushing method, is 4-5 times
greater than for thawed coal. It follows from this that it is not recom-
mended to derermine the strength of frozen coal with the POK instrumeat.

Howevér, for practical utilization of the results of laboratory tests, it
appears expedient to estimate the coefficient of structural weakening of
coal, the numerical value of which can be obtained from a compariscn of the
results of cohesion value from the data of field determinations with data
obtained in laboratory tests.

The strength properties of coal in the seam were determined with the aid of
a 50-ton hydraulic jack with displacements of large-size bodies of coal in
which the presence of natural cracks has a full effect on reducing strength
(Figure 3); the site at which the tests were conducted were cleared of dis-
integrated and weathered coal by bulldozer. Then the coal bodies were
drilled on three sides with a drilling rig and trimmed with an electric saw.
With coal displacement transversely to the jointing, an excavator track
carriage crossbeam was used as a support for the hydraulic jack.

\\\\\\\\ \\‘
L\ \\\\\\\\ \

Figure 5. Arrangement to determine the streagth properties of cosl in the
seam, hy displacement with the aid of a hydraulic jack

Key to figure: 1 — excavator track carriage beam; 2 -— base plates; 3 —
hydraulic jack; &4 — test hole; 5 — displacement bodies

The coal cohesion value in the seam is computed with the formula:
P
i Cu = ;-(slnc—cos:x-tgp),

where P — force during coal displacement, determined with the aid of a

pressure gauge, t; F — displacement arez, determined by linear measurement,
mz; a — angle between the plane of the cut and the plane on which the load
78
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is applied; p — coal internal friction angle, determined during laboratory
tests -on specimens.,

Since the performance of such tests presents great difficulties, three tests
were conducted in the direction of stratification and four transverse to the
jointing., Cohesion value was as follows: 1.47 kg/cun2 (1.34-1.67) in the
direction of bedding, and 2.82 kg/cm2 (2.46-3.3) transverse to jointing.

The coefficient .of structural weak‘ening is ~computed with the formula:

vwhere ¢, — cohesion .of coal in the seam, cg — cohesicn of coal in a specimen
during laboratory tests. Its nuiwrical value is 0.11-0.34.

The entire series of tests conducted on cozl from this field indicates that

the different coal specimens differ little from one another im strength
characteristics. Therefore all coal specimens can be .assigned to the
category of weak and- tough-brittle.
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SELECTING AN OPTIMAL INCLINATION ANGLE FOR THE LIFTING CABLE
RETURN RUN IN DRAGLINES

Ye. S. Polyanskiy

Static stresses in the structural elements of a dragline are determined in a
specified manner by the angle of inclination of the run of the 1lifting cables
proceeding toward the drum. Figure 1 shows te truss system of the ESh-15/90
dragline, which can serve as a basis for determining loads acting on the
vertical truss. Utilizing this computation arrangement, one can express

-stresses in the truss elements through stress in the 1lifting cables, which

in turn is determined by the weight of the filled bucket and angles of
inclination of the lifting and traction cables to the boom axis.

Stress in the upper chord, element 4-17, and in the lower chord, element
5-17, can be determined with the aid of a cut in the boom head truss joint

S . = , S.n A, — SIﬂB
“4-17 §1 Sin e

Ss.17 = S, I(sln o, — sinB) cig © + (cosn, -+ cosP)], 2

where S, —— stress in the lifting cable; a; — angle of inclination of the
1lifting cable to the boom axis; B — angle of inclination of the lifting
cable return run; O — angle of inclinatim of the upper chord to the boom.

Stress in the boom suspension, element 1-2, is determined by cutting the
truss with a section passing through element 1-2

) r
S12= S, (sina; — sinB) [_‘3!. — S, (cose, +<osB) Y -
Tig T2

=8, [(sinc, —sin§) :-_-‘l': — {cos &, +cosB) :;‘ﬂ] . 3)
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Figure 1. Diagram of truss system of ESh-15/90 excavator

' i
Stress In the lower chord, in elemerts 7-14, 8-13, can be determined by cut~ !
ting the truss with s through section passing through these elements

Sru=S, [(cos-, +cosB) - (s & —stn3) st ’"3+‘7-u] )
' ' ' )

Sisue

Stress in the gantry pillar and its suspension can be determined by cutting
. the corresponding truss joint

Sia=Sta ol = S [ (sine;, —sin8) e,
sy

= *1.3

. ‘-(cot:,'+coup)":'}c°’ — ‘5)
- S&n‘&.rdﬂ"-}-&‘ulﬂf*s_{_ LTI “{;tﬁ’l;

.0
- rd o\ ¥
pest .7 Lo

2 where Y — angle of inclination of the boom suspension to the horizon; ¥ —
angle of deflection of the gantry pillar from the horizon.

2 It is evident from an examination of the expressions which determine stresses

3 in the truss elements that all are determined by the angle of inclination of

2 the 1lifting cable return run; they diminish with an increase in this angle;

; consequently, by increasing the angle of inclination of the lifting cable

. return run we can diminish loading in the truss with any bucket position
below the bocm. But an-increase in the angle of inclination of the return
Tun requires an increase in the height of the boom sheave support, that is
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on the one hand a decrease in the metal requirements of the entire boom truss,
and on the other hand an increase in the metal requirements of the boom sheave
support. For example, an increase in return run angle of inclination B two-
fold also requires an approximately twofold increase in support height, while
static loads in the truss elements of the ESh-15/90 dragline in their cal-
culated positions will correspondingly decrease:

a) upper chord with bucket at maximum radius of operation -~ 14%3
1) boom suspension, gantry pillar aand its suspension — 13%;
c) lower chord in its calculated position, that is minimum inclination

of lifting cables from the boom axis and digging 8% above excavator site
level, element 5-17, and 14.5% — element 7-14.
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Figure 2. Relationship between loads in upper chord and change in angle B
with various bucket positions below the boom

An examination of _he influence of angle 8 on static loads in truss element®:
fails to give a complete picture of distribution of stresses among the
separate truss elements, since an excavator operates in transitional con-
ditions, and consequently; additional loads are imposed on metal structure
elements, caused by oscillation processes taking place in the excavapor's
electromechani-al system. The degree of infiuence of these supplementary
loads on the individual elements of the truss differs, since an actual ex-
cavator comprises an elaborate, multi-mass dynamic system, and dynamic co-
efficients. are not identical in the various truss elerents. In order to
determine the influence of angle 8 on dynamic loads in individual truss
elements with various bucket position below the boom, we investizated
expressions for dynamic loads [1] on a Minsk computer.
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Figure 3. Relationship between loads in boom suspension and change in angle B
with any bucket position under the boom

The results of investigation of dynamic loads with 8=6°, 12° and 20° indicate
that loads diminish in the upper chord by 167% when 8=12°, and 417 when B=20°.

Dynamic loads in the boom suspension decrease by 18% with a change in B from
6° to 12°, and by 42% with a change from 6° to 20° (see figurcs 2 and 3).

The percentage of load decrease in the gantry pillar and its suspension is
equal to the percentage of decrease ir the boom suspension.

We should note, however, that dynamic response factors remain almost un-
changed with an increase in the angle of inclination of the 1lifting cable

return run to the boom axis; this is due to the fact that the law of change
in static load is practically the same as dynamic load.

From our investigations we can conclude that an increase in the angle of
inclination of the lifting cable return run from 6° to 12°, that is twofold,
reduces -dynamic loads in the upper chord by 16%, by 18% in the boom suspen-
sion, gantry pillar and suspension on an ESh-15/90 draglinme, that is, by
changing angle B we can achieve minimum aetal requirements in the boom
structure truss.

All this indicates that there is a real possibility of reducing loads in
boom structure elements and superstructure by an average of 14-17%, by means
of insignificant design changes, namely by increasing the height of the boom
sheave support, the metal requirements of which increase insignificantly
thereby.
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DETERMINING THE HEIGHT OF THE A-FRAME POST OF STRIPPING SHOVELS

A. N. Sosnovskiy

y . .
v
il N
PSR SV,

In designing straight shovels, in addition to determining choice of layout
and--dimensions of working equipment elements, one must determine the
dimensions of the A-frame post. Determination of the height of the A-frame
-post acquires great importance with an increase in bucket capacity and size
of boom and arm. We know that the loads imposed in the boom, boom suspen~
sion and post are determined by the height of the latter and the angles
formed by the boom suspension cables and lifting cables runwing to the

. winch drums in respect to the boom axis. With a substantial height of the
A-frame post, there is an increase both in post weight and weight of the
excavator as a whole, with disruption of the entire layout. The question of

. selection of A-frame post height is resolved at the present time by utiliz-
ing existing relations or by comparing the post height of existing excavators
with the height of the unit besing designed.

It has been established that the height of the A-frame post is determined by
angle B of inclination of the lifting cables to the boom axis (for power
shovel excavators on which the lifting cables pass through A-frame post
blocks); as well as by angle a, of inclination of the boom suspension cables
to the boom axis. The magnitudes of these angles affect lozds in the boom
metal structure, in the suspension and the post proper.

s
U IR

Figure 1 contains a geometric diagram of a power shovel on which the lifting
cables run to the boom head blocks, bypassing the A-frame post blocks.

Figure 1.,
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Utili:ing the geometry of this .diagram, we can express stresses in the boom, .
in the braces of the A-frame post, and in the boom suspension through

stresses in the lifting cables (Tk)- by cutting the boom head joint. Stress

in the boom suspension will be determined as N

We shall designate the expression in parentheses
(x.-zln 3 —sinf) =y,
where kn is the ratio of the compound pulley.

Taking this into account, expression (1) will be written as
s.',,a T.,—L R
sine;
The compressive load in the boom will be

Sey = T [(ns-cos e + cos) + y-cige). )

T, e wemaa &

e ..
Stresses in the front and rear braces of the A~frame post can be determined
by cutting the point of the head of the A~frame post:

. X sin
S..- ?’--——I-—-:‘-—-. ‘ ®)

i gee o

Sie -nd;m-.w-q ciga,], ®

For shovels on which the lifting cables pass through pulley blocks on the
A~frame post (see Figure 2), stresses in the front and rear braces will
increase due to load from the lifting cables and will possess the following

form:

. ".dd“~ S
‘F;igs:"qg'bl'F o et

(am i siasy). gy, j: ,m

u‘.',..
R p 87

It follows from expressions 1-8 that stresses in the above-listed elements
are determined by the angle of inclination of the 1ifting cables to the
boom axis, ‘u; and B; stresses in the boom, in the braces of the A-~frame pos .

and boom suspension increase with a decrease in angle £ and vice versa.
Altering the value c¢. angle B to certain limits, in practice one can obtain
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Figure 2.

an optimszl height of the A-frame post, at which the weight of the metal
structure of the boom and superstructure will be minimum,

For example, for the EVG-35.65 stripping shovel angle B8=29°; with a decrease

to 22° static loads in the boom and A-frame post braces increase insignificaut-
ly: in the sow, when angle «3;~20° the lower part of the face by 11%, and in
the boom suspetsion and A-frame post braces by 6.3%. With bucket position in
the upper part of the face (a;=61°), an increase in static loads occurred as
follows: by 15% in the boom, and by 5.3% in *he boom suspensicn and A~frame
post braces.

Thus, by reducing angle B from 29° to 22°, one can obtain an A-frame post
height 7-9 m less with the same sections. One should ncte, however, that the
increase in stresses in these elements from an increase in static loads with
a change from 29° to 22° will be insignificant if one considers that the
metal structures of the boom, A-frame post and boom suspension incorporate a
large safety factor [1].

The angle of inclination of lifting cables to boom axis B also exerts con-
siderable influence on the magnitude of dynamic loads in the above-enuicrated
elements, whereby the magnitude of supplementary dynamic loads and dynamic
response factors in the working equipment elements differs. This is due to
the fact that the excavator ard its mechanisms constitute a multi-mass

flexible-dynamic system, the oscillations of which are dictated by transi-
tional processes taking place in the excavator elentromechanical systenm.

In order to determine the effect of the lifting cable inclination angle on
additional dynamic loads in the boom, boom suspension and A-frame post with

various bucket positions in the face, we investigeted loads on a Minsk com-
puter accordizg to the following relations [2]:

dynamic load in the lifting cable runm to the lifting winch drum
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Pylcy (PY~9p1) + sl (51 — 1)
20, (%91 “Mye My ~.Cye My~ Cy (Mg My 783 (cy — m,pz)}x

X snpye — {02 ;,': ;g ::.v' " -sin p;¢ ©)

dynamic load in the boom suspension

Pz:c- -—-——-l-l—-c'.;. "(17,-0
Pi—rhpit
- Poip—= ¥3) }x

zps(zpll'ﬂ'l“"ﬂni"‘ﬁ('is*"k1f’l

compressive load in the boom
where s

cy = rigidity of lifting cables; c9 —- suspeasion rigidity in a direction
perpendicular to the boom axis; mj — mass Jf the lift drive, brought to
the rim of the lift drum; m) ~- boom mass brought to the boom head; pjpy -~
system oscillation frequency; v, -- bucket hoist rate immaditaely before
stopping; P, — surplus cf hoist engine; Py —— initial force in lifting
cabie running to winch drum; t -- current time.

The results of investigation of dynamic loads in the bouom and boom suspension
when 8=29°, 22° and 15° indicate that with a reduction in B from 29° to 22°
the magnitude of dynamic loads increases in the calculated position (a;=61°)
by 6.8% in the boom and by 3.5% in the suspension. The pevcentage of load
increase in the A-frame post braces is equal to the percent increase in the
boom suspension. The character of change in static and dynamic loads in the

boom and boom suspension is shown in figures 3 and 4.

The results of investigations performed applicable to the EVG-35.65 stripping
shovel enable us to conclude that in designing stripping shcvels with larger-
capacity bucket and in modernizing existing power shovels, theve is a realistic
possibility of reducing the weight of the A-frame post without substantially
altering it, by reducing the angle c¢f inclination of the liftiang cable run

to the boom axis (B).
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Figure 3. Relationship between boom loads and change in angle 8 with various

bucket position in the face.
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Figure 4. Relationship between loads in boom suspension and change in
angle B with various bucket position in the face.
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" The proposed relations make it possible substantially to facilitate correct
solution to the problem connected with determining an optimal height for
the A~frame post on power shovels.
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RECORDING THE BRAKING TORQUE OF A. CRANE SHOE BRAKE
Ye. S. Kuzpetsov B

In: studies [1; 2, 3] and others, braking torqué was determined by recording
deformations of various brake structural eléments. Recording of braking .
torque from the shaft involves -the necessity of employing slip ring devices. :
Iz addition, distortion of braking torque is possible as a consequence of !
_siiperposition of the mechanism's natural oscillation frequencies. In the

- former case the magnitude of deformations of flexible elements is affected by,
S in addition to braking torque, the inertial and elastic properties of the

. > brake lever system. In connection with this there arises the question of .
K estlmating the- degree of this 1nfluence in selecting a recording puint.. b
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2 Figure 1. Diagcam of the -action of forces on a brake shoe from a rotating é
b puiley. 3
P - i . .
4 Let us examine brake shoe equilibrium during braking. Normal N and tangential

Their resultant

T forces act -on the brake shoe from the pulley {(Figure 1).
b R passes through the center of the shoe axis [4]. We shall transfer the

;- point of application of the resultant along the line-of its effect to the
center of the shoe axis. With the selected upward direction of pullsy rota-

tion, the following force is applied:
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Ang‘e o is éxtremely cmall. For -éxample 24 ‘for a drake of type TRIG~300M it is
2°59¢, The ‘mometit of friction ‘generated by :force K and dragging the brake
shoe in the direction of -pulley rotation is .

o A

‘where L is the d{stance between. the ceénter of -the pulley and the brake shoe
axis: The brakiag torque. generateu by the- ghoe is direc*ed opposite- to and
is equal in- magnitude ‘to tbe momenc of’ friction. An prression of total
brakingstorque through ‘the. 1oads in the ‘1exib1e elements can be written
witn thé example. of the: TKTG-3OEM,Arepresented 4n.‘the foliowing diagram
(Rigure 2. The following assumptions ate ‘made: 1) the hzdke base iz assumed

friction forces in the material and. at the points of connectiou betwaen
elements do not inciease; &) the mass of the unbalanced ‘brake paris- and
coupled fluid mass in the hydraulic plunger arsg assumed ‘constant.

Wy
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u i 45
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b
]

Figure 2. €alculated diagram of TKTG-300M brake, applicable to vertical dis-
placements of its:elements following selection -of working clearances.
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' Braking toxque - °

Thz following designations are employed in the diagram:

Ty s W —— Bassas of left and right brake shoes respectively; mpy, mn —
masses 9f left and vight brake levers respectively; m3 ~ mass of unbalaaced
brake parts plus coupled mass of pressure fluid in the hydraulic plunger;

€3, €9 — stiffness factors of brake shoe axis and lever lower axis respective-
ly; ¢34 —- stiffness faccor of upper axis of right lever; cg -- spring reduced

stiffnass factor; X,, Ky —— rotating pulley vertical reactions acting on the
lefz and right shoe; W, N ~- pressing force of shoes to pulley, in the
function of which forces X, and Kj change; Gy — weight of brake shoe; Gy,
Gy =~ weighi -of left and right levers respectively; G3 —— reduced weigh: of
unbalanced brake parts; u —— coefficient cf viscous friction in the
hydravlic plunger.

qubglg F designate loads in flexible elements, and y -- mass displacements.
‘Hass movement -equations myp, Wy, Myps Mppn are written in the following form:
Mya s'u” K, - F,y—Gy;
mlll;m -‘Kn - Fu +G;;
mz{}.'.:a =’Fu - an - Fu - Gzn:

!’!:-93.‘- Fig— Fyy—Foq— Fy 4 Gyp.

We f‘s“ﬁa‘i?lf e¥press i’orcés K, -and Ky from the first two equations as follows:
/ Ky = Fiu+ muJu+ G

K, = Fyq +mui¢" G.
;ﬁ: = (K, + K,) L= (Fu + P&&' n, -:;'u + 'ln;n) £

Tlie weight of the brake shoe is absent in- the braking torque expression,

since it -enters equations of mass movement mjp and mjpn with different signs. In

place of loads Fij; and Fin we shall substitute their values fioop the third
and fourth equations and obtain

Mr"(Fu+F:a+an+Fu+ Fe+mza.§u+*”':-"yzu+
+ G+ Gy + mu;u”‘mu;u) L.

VWriting the braking torque through deformations of lever lower axes, we oOb—
taln expression cf forces -

M .
Fn+Fz-=—L" — Fyy— Foq— Fo—~ My foa—

— N ﬁu Gy o Gya — ’”u?u — My iu-
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If we write the braking torque thrcugh deformat;ons of brake shoe -8Re8, we
obtain

. : ry u - - o
F_u + fi,!_:.‘ "E,‘ —'aga'u =My P

Comparing the obtained expressions, we note that the second expression con-
tains fewer terms unrélated to braking torque. We can assume that the further
the point of recording braking torque from the friction surface between brake
shoes and- pulley, the less actutately deformations of flexible elements,

taken as bruking torgue, will precisely reflect its magnitude and character.
But since the magnitude of detormations is also determined by the signs of the
second detivatives from mass displacements, -this hypothesis requires verifica-
tion, For this. purpose the author performed the following experiment. With

the aid of elecfrical strain gauge recording he simultaneously recorded
deformations in the axis of the left shoe (bénding deformation in a vertical

. direction), 4dn the lower axis of the left lever (the same type of deformation)

.and. in the ‘brake base support (bending deformation in a horizontal direciiom).

As a result it was discovered that deformations at these points occur practi-
-cally simultaneously, but they differ in magnitude and character. In partic-
ulaz, deformation of the lower axis of the lever is less than deformation of
the brake shoe axis, other conditions being equal. Therefore we subsequently
utilized as point of recording braking torque the brake shoe axes, to which

we attached strain gauge sensing elements in a vertical {(tangential) direction.

- LI -

Figure 3. Oscillogram of left brake shoe axis deformations: 1 — deformation
in a horizontal direction; 2 -—- piston red begins downward movement; 3 —
deformation in a vertical direction; 4 -— rate of angular motion of brake
pulley
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In order to check the value of the coefficient of friction, in addition to
vertical deformations of the brake shoe axes we simultaneously recorded their

-deformations in a horizontal (normal to the pulley surface)- direction.

Figure 3 contains an oscillogram of left brake shoe axis deformations, which
indicated that the point of initiation of decrease in brake pulley speed cor-

responds to the moment of increase in axis deformations. On the basis of

re . orded deformations we determined corresponding stresses in the axis and
then determinad their ratio o
K

‘H
for different moments in time. After stress in the axis in a tangential
direction ok reaches a maximum, its ratio to stress in a normal direction
gy does not go beyord tne limits of the range (0.40-0.45) for a number of
tests. This is fairly close to the acttal coefficient of friction of the
rolled: band manufactured by the Yaroslavl' Asbestos Equipment Plant (Asbo~

tekhnika Trust specifications No 3097-51), which is used as hrake lining in
this brake. Brake lining temperature was 20°C in the first recording. In

addition, the slight variance in O'x
TH
values once again confirms the well-known thesis that the coefficient of

friction remains practically unchanged in the process of a single braking
action.

Our tests also established that natural oscillations do not occur in the
region of operating brake torques of this brake (30-80 kgm). They are

-observed only with slight tensions on thke brake spring.

Conclusions

1. In oxrder to achieve less distortion of braking torque its recording point
must be placed as close as possible to the friction surface between brake
shoes and pulley.

2. The coefficient of friction values obtained in rccording braking torque
on brake shoe axes are close to the actual coefficient of friction of the
brake lining material.

3. Natural oscillations are not observed in the region of operating braking
torques in the TKIG-300M brake.
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