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By 8.Y.6hexhmeister and AP, Bogashoy, . . . <
Mining Engineers, Leningrad o ‘

In the U.8.8.B. line production methods sre now being . .

" 4ntroduced for m‘m aining of rock. These methods make it
noconu-y to emh the rock to a sise that wul porut the
nu of conti.nuous mt:lon oqnipuent. A

In udorn qulrriu rock of aversge strongch snd orushsbi-'.

. 111:7 13 generally broton to a maximum lump sise of 1, 200- | ‘
1,500.- vith the yiold or oversiges being up to 7 per cent.
This makes for normal operution of excavators with 3—4 ou,m,
bnckot- n.nd cmhors with a receiving opening luod 1,500 x
1.200 n. both widely used in the U,.8,8.R..
| cuculutionl show that for rock 1;0 be handled by
connyors and other continum action oqnipnnt its maximum

| lump sise should not be over SOO mg 1n ‘this cue normal
operation of the sggregate equipment used for louding and 3

equipment for rock 1t becomes necessary to docrono the lump

. sise of blasted rofk by 50-60 per cenmt. A ’ : §,
"The meximum lump sise of the 1oosened rook doponde to a ;‘

great extent on its crushability, which in turn dcpends on
the strongth of the rock and. also on the degree’ of disloca-—

tion of tho nassif, As roswdn its enuhabnity, al]l rocks maYy o
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conditionally be divided into thres groups, which correspond-

ingly yield grades over 1,200 mm in size to the extent of 12, .

up to 7 and over 7 per cent. -
Practical experience has shown that boreholes of a

dieseter of 200i256 mm and corresponding patterns now used

in drilling and blasting emnot yield rock of a lunp sise

' of 500 mm, even if the power of the explosive is iused to‘
. maximum efficiency,

. The required result nay be odtained by providing a
greater number of destruction centres in the rock mesair.
This will require a narrower pattern of smaller diameter

'holes, The correctnees of this premise has been proved by

the theoretical reseerch of a number of Soviet scientists
(G.I1 Pokrovsky, A.¥,Sukhanov, A.F.Belayenko, A.N.Khanukayev,
and others) and by experimental work in severel Soviet mines
and quarries,

Bince the degree to which rock is broken deﬁendn,on the

- 8pread of the explosive in the massif to be blasted, while
'the 8iges of the hole pattern in turn are & factor of the'
borehole diemeter, the extent to which the rock is broken up . 5

nay be considered & function of the borehole diameter. .

- A sumnary of the data on the perametere used and
nethods applied in drilling and blasting and an snalysis
of the practicel results obtained have permitted a sraph
to be built showing the dependence of the nexi.un lunp size

-of the blasted material on the diameter of the borehole for

.
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easily cruahablo, medium crushable and hard-to-cmsh rocka

As will bo seen in Pig.1, a borehole diameter of 150 R
Yields a maximum luzp sise of 1,000 mm for medium crushablo
rock. vhile that. from 200 um wide boreholes is 1,200 to

-1.5oo—muu.' o ) o '

An anelysis of experimental data for small diameter

" boreholes ansguta that for medium cmshnble rocks lumps of
" & maximum sise of SO0 mm will be obtained when tho boroholu _
_have a dicnotor of 80-100 mR, . ' ' -';:j

As an approximation we may assume that for casily .
omhable rock a lmmn luzp sise of S00 mm will be obtained
from bonholu 125-150 mm 1n diemeter, md reapoctivoly 50-70

. =m for hard-to-crush rock,

Oonudering how difficult it is to arill deep holes _
of . din-etor of 50-70 mm, crushing of rock to a maximum lnlp
sise of 500 mm by the drilling and dlasting uthod to
introduce line production methods should first de attuytod

. with easily end medium crushadle rock,
Drilling speeds increase with a docrouo in the dimtor =4
" of the borehole, ' The drilling speed, however, incresses less 4
intensively than the yield of _the rock uterid per 1 = ot
hole (Pig.2) decresses; the total capacity of the equipment,
expressed dy the volume of rock material Yielded, therctoro.
doernaoa vhen the dborehole dismeter beeonu ounor. this
'nm en increase in the drilling costs per 1 cu.m, ‘of the .

roek aaterial as the borehole diameter decreases., A decrease Jhr . '

in the hole dismeter leads to higher specific consumption 2
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of the explosive and also to an increase in th;Acoat of the
labour of blasting operations, As regards changoi in the |
specific consumption of expiosives for holes of doc:oaQed _
diameter opinions are éontroversial.' The problem has yet not
. been studied sufficicntly, therefore, to avoid underestimation

.' of the cost of drilling and blasting holes of’:nall-aig-otpr,
1t nn; be assumed that the specific consumption pt’&:ploniioq B
for holes ﬁaviﬁé a dismeter over 100 mm remains constant, .
while that in those having a dismeter less then 100 ma rises
with the‘docroaah ixi the dismeter. It follots that the

(]
.

docroaao of the borehole diameter to obtain rock material
'crushod to required sise boosts the total cost of drillins and
blusting _ . .

To make the transition to continuous qujgrying methods - ' |
of rock economically expedient, the follo-iig principle must
de obqervodi the cost per 1 cu.m., of rock material (drilling
and blasting, loading and conveying) with the new. technology '
-nnt not exceed the totil cost of cutting, trandport ind the ?
firtt stage of coarso orushing of rock quarriod vith tho now

' 'prﬂailing per:lodic methods,
To lnko it possidle to dotornin. thc cost of ‘the crush-
.1ng of rock by drilling and blastins to a maximum ln-p ni:o
of 500 m, we must establish the dependence of the cost of
drilling operations on the extent to which the rook 1s
crushed, 1.0. on the meximum lump sise of the blantod $
" materfal. Such computations should take into scobant new i tF
drillins equipment now boins tnkon 1nto prodnotion nnd the {j o

-
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latest blabtiné methods (split-s;cond'blastinsfof multiple-
row charges, divided by air gaps). With this purpose in
view, the Giproruda Institute has calculated the cost 6? -
drilling different borehole dismeters (50, 100, 150, 200
and.250 mm) for rock of aversge drillability of -a strength
" of 10 according to Protodyakonov. The drilling and ‘blasting
- cost per unit volume of rock material comprises drilling

-

costs, Slasting materials, explosives, crushing of ovorsisos..:
vork on charging and tamping of holes. | |
) From . the cost of crushing per 1 cu.m of rock -atorial
and the graph showing the dependence of the naxilnn lump
sige qn the hole d;a-otor (see Fig.1l) we lop that crushing
/  of rock by the drillins and dblasting lefhod to ntxi:un lump :
siszse or 500 nn is expedient only if the cost of drilling and v
blasting is eut, - | - L
Analyses made show that the cost ot\brqakins.l cu, a o:
rock materisl by the drilling snd blasting method in bholes
. of 80=100 mm dismeter consists of: drilling - 56 por'ecnt,

- Tt A e
3. . ‘- ~ - -
D

Py
-

‘blasting materials — ‘18 per cent, cxplolivoc - 16 per ccnf.

. ® .

1.othor eXpenses »~ 10 per cent. This shows that to lower the
cost of 'blutu; operations we ahould firét and foremost
lower the cost of drilling eand of bluntins materials,

' ™ ‘The cost of drilling depends to a srcnt extent on tho -
oupucity of the drilling rig and the coat por inchino-ahift.
The drilling capucity can be increassd by uling more otrootiv

methods of rock fragnentation. Another important trend in

g

S vaati st M
45 _' L B T K

‘.‘t 'l':
the increase of the capacity of drilling rig and the lowtrins *f.

g :f
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~ of cost per machine-shift is the création of n'oc.lu.niud and - ;;,L |
automated mltiplo—npindle drilling sets, which conaidorably zl‘
raise the productions of labour, Considering that medium ‘%‘
 and easily cmnhablo rock can be dbroken to the required ¥
‘sise by cxploding ehn'gn of different dismeters, it 13

6,000 cu.m per shift with two drilling machines, the total
cuptcity or the d.rullng set should be 375 » por shift for
holes up to 100 =m 1n dianmeter and 110 to 160 m per shift
for holes 125-150 ma in diametor. The capacity per hour of
each drilling machine should be not less than 25~30 n for
holes of a diﬁetw of 80-100 mm and 10-15 l,for those of a
diameter of 125-150 mm, At this capacity it is enough to -
have 2-4 drlning machines on one lultiplo-lpindlc drilling
set, '

The cost per mhino-lhitt of modern drilling oquipunt
| ‘co-prins asinly: for rotu-y bit drnu.ng—-upmu tor
druung tools (30 to 40 per cent and up); for rotu.vb

puwounion arilling-—expenses for cmrouod ur and
dﬂ.y.ing tools (over 50 per clnt). This makes it very
- uporeant to nake druuns toola stronm and chupor

Since the cost of co-pronod air is conaidmbh. 1t is

- important to ohange to olntricitrponrod muug rig.
"Po lomr the cost ot bluti.ng opersations, cheap nplolivu

of medium snd high power shqnld bo dovolopod. hole clnrsi.n;
E
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' detonstion along all perts of the charge.

" Capacity of multiple-spindle

- Wumber of drilling machines per met 34 2-3
S8ervice personnel per set . | o 1=2 1e2
Height of bench, @ = . .- 30 30 |
Hole diameter, ma o 80~100 . 125-150
Hole pattern, m . ' - 3x3 ' Aax6
usloothhhﬂntiontmnrtio-@ -

v deg, 7 - 70 .
Bolo dopth, | 34 f B T

. Yield of rock per metre of hole,cu.m 812 - 19-27

" Yield of grades larger then 500 mm,% * 1=2 - . 1-2.
Width of rock massif fragaentstion,m - 45 = - A5

?

- 7 - -
should be méchanised and the labour used for charging be mede

more effective, Free~-flowing explosive materials, made of .

LN

_ trotyl and a solution of ammonium nitrate with a thickener

added may becose important, becsuse they allow dense place-
ment of the charge and hole charging is easily mechanised, _

Charging sets to be constructed should meet the follow= . .
ing roquiruontn 1) should charge simultaneously ‘not lou _ ﬁ\
than 2-5 holug 2) have & capacity of not less than 10=-20 t/h;
3) be serviced by s ainslo operator; A) ensure complete

1
mechanisation or all work cobnected with the’ obarging of %

holes, crut:l.ns air gaps, ensuring reliable aprnd or tho

-$able eiving the technico-economic indices of the
proposed blast drilling methods

. . e
C—— n—— R NS 7S mm— 1
- . A -

drilling set, m/shift . 375 | 110 .
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To incresse the mumber of borehole charges that are
fired simultaneously (up to 1,000), the methods and means
for firing must be vastly improved. . During recent tests
explosions have been set off with redio waves, This method

permits one to fire the chu';o- with short deleys sccording i
© to preliminerily worked out patterns, - - #a"
.'Senclusions ;
1. e intreduction of comtimuous methods in quarrying
' rock will lnd to n ro-d:l-tribntion of the cont of various
| E _ ')roouln making uwp the total cost of quarrying, It
mmm.y leads to an increase in the cost of drilling
and blutia; which -mu be compensated for by a :I.mrl.ng
-of tho cost of J.oad.inc. conveying and como eruhins of
"the rock at the factory, '

2é A u'.d.— lump sise of tho blutod utcrid of 500
mm (vith oversises within 1-2‘)01- cont) nay de obtunod by

fop mediua crushable and 125-150 = for easily erushable mk) ’i.
'+ 3. To improve the technice-economic indices of drunu '
~ and dlasting meoutod mltiplo--pindlo muug sets nhcnll‘
e set 1n. These ntl should h:vo a owity of 110
w/8bift for holes 125-150 mm in diameter and 375 a/shift zor bk
80-100 ma diemeter holes. ‘ g
Q. chmmluivolofudiulﬂmrm pom,, | P
wuetm mechanisation of hole charging wust be developed, Ll

_ Roqurodhautx:orholocmsingmtunm b
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complete m!mu.ution of the placonont of olnrsu .
roqurod conatmtion and tho -proadins of the dotcnntion
%0 .u parts ef the divided charso. _
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COMPREHENSTVE AUTOMATION OF DEGTYARSK | STAT

COPPER MFNE (URALS)
By A.. Shilin, Chairman of the Sverdlovsk

Administration of the Nonferrous Metal
Scientific and kngineering Society

The development and investigation of new automation

' schemes, instruments and other facilities for the Degtiarskt
. Copper Mine (Urale)'ﬁere started in 1956 in collaboration with
- the Nonferreus Metal Automation Designing Department, the'Non-

ferrous Metal Designing Institute, the Central Exploration
Institute,'the Mining'Machinery Research and Designing Institute
in Moscow and the Urals Copper Research and Designing Institute.
A designing department was set up at the mine in 1957 and
an automation workshop in 1960 for designing, building and assem-
bling new mechanisms and automation setups. In 1957 the electric-
instrument laboratory at the mine sxpanded into an automation
instrument Iaboratory in which new autoiation setups and schemes

were adjusted and improved when in service, trouble-free'per-

* formance of automatic equlpmedt m31ntained and’ instrumentation

and equipuent repaired. | |
- , By 1962 the over-all mechanization, automation and dia—-
patching.control of the mine had been completed. ‘ ‘

; The following equipment has been de#eloped, constructed
and introdueed to put truck-exchange to autohatic and remote con-
trol: an electromagnetic upper- and lower-action pope'pusher,
an airbopereted pusher, a batehing stopper air motor, air-
operated cage landing cams, etc. Altogether 116 uqits of truck-
exchange equipment hav besn construeted and installed at the

wt

surfaciiand.at the levels of threo hafta. PO ‘e

—
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Air-operated hatch locks and truck-discharging vibrators
have been introduced, and an autoﬁatic coupler for VGfS trucks
" developed. The electric locomotives have been modified to
introduce remote control at the loading and discharging'?laces.
Doudble~-truck ring-type dampers and 100-m3,compressor'p1ants have
also been modifiéd..New types of output controllers have been
-developed in collaboration with the‘Tpermal Pgwer Depa;tment of
'the Urals Polytechnic Institute. .
Portable.air-operated saws, timber handling monorails and.
drill carriages have been developed, const'ucteé and introduced
for the mine. |
Many surface processes have been mechanizedi the surface'
transport has been electrified, timber fixing nochanized. etc,
‘The underground electric transport has been equipped with !
signalling, interlocking and blocking systems. Tho equipnant in
hand includes 10 newly developed units (motor-driven switches,
rail transducers, dispatcher s indicator panels, etc.). A svitch .
remote-control circuit (by locomotive drivers) has been introduc-.

ed. At present there are in operation 46 remotely controlled

switches (including 33 driver-controlled ones). A two-way high-

frequency communication between locomotive drivors has been put
in servlce. All electric locomotives (35 in all) now in service
are equipped with H P, communication units. On one 1ev01 lo&ono-
tives at the loading and unloading places were tranafernmﬁ-to

remoto control.

Y P Rl o T )
T
¢ . Trehe L A
X

& ¥

Shaft skip lifts of 2 800 kW total ‘capacity hnve been
. sutomated. Nothing but automatic 1ifts are employed for raising
ore. In the hoisting spnafts the cage landing cams are automati-
callyliﬁnvrolled, autonatic cage bafflérs are fitted aud the

v"’ - e ~ ~ - v v W \,‘_ 'v‘,
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hoisting cages are all remote-controligaakType ACK-1130 high-
frequency equipment is used for cemmunication and eignalling‘
" from within the eages.'hen running. Truck exchange'at_the surface
is automated at all shafts. :
Automatic rock hoist installation is 1n-oberation, and
automatic rope defecf detectors fitted., lore‘than 400 motors are
- provided with built-in thermal trip eircuit-brgakers. All main
and sump draineges (14 units in all with a total capagity of -
4,900 kW) are automated., All general shaft ventilating units are
.remete-controlled. In;addition, all ventilating doors in the air
headings, air-stream haating plants, shaft boilef units, water-
_ pumping stations and others are automated. . . -
 Over-all dispatching control has been introduced in all
mine shafts, which has led to sweeping changes in the nature and
level of production eontrbl. The equipment 'hich.the diepatcher
has at his disposal, including industrial television, has enabi-
ed him to handle easily and adequately a large volume of informa—
tion, thereby managing and organizing the shaft production as an

integral process..

Automation Economig

Higher labour efficiency, and lower production costs are

a major irndicetor of the effects that comprehensive automation

has produced.

~ Owing-fo the compvehensive automation, 672 operators have
been released at the mine from 1956 to September, 1962, while the -
total amount of ore raised registered a considerable 1ncreaso.
The efficiency of a face worker has risen 70 per cent, of a shaft .

worker 93 per cent, anjl of,a mine worker 95 per cent (as eompared
i

with L%%B)._, - -

-
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in 1962 by 18,000,000 k¥W~-hr (including 9,000,000 kW-hr saved as
a result of automation). Depreciation showed a 160,000 roubls

" increase annually, and an entire saving in running costs amount-
ed to 1,503,000 roubles annually. This figure does not take into

‘account savings in conventiopal permanent costs, repdir costs

and trouble-prevention and stand-by costs, although all these

-'savings have' been accountéd for when meaburing_the lowﬁst
'poasible total production costs. When estimating savipgs, acbanx
has also been taken of higher efficiency of face workers oving

to better ventilation, more stable compressed air pressure,
better lamp and saturator maintenance, etc. as a result of
automation. * | |

Moreover, thp highly efficient mining systems in use has

had a great impact on ore prodﬁction costs,

Comprehensive Automstion Costs

Betﬁecn 1956 and September, 1962,'1,956.000.foub1e8 were

spent on mechanization and automation. To this figure we must

add 67,0CC roudbles spent on the depreciation of the equipment

-scrapped as a result of the comprehernsive automation in the mine.-
'Thus, the total amount will make 2,063, 000 roubles. The capital
' inveated into mechanization and automation will be recouped

within 2065:1505:1 & years.
The 1ptroduction of comprehensive sutomation has had a
gre;;'impact bn the improvement offlabour conditions. For
oxnmpie! thé.signalling and interlocking of_tho'undorgiound
haulage and locomotiwe remote control has reduced industrial
accidents at the loading placee by more than 60 pon’cent as
compared with 1956, T - ‘ ‘ . A
q%e ‘automation of the tru;i ekehango oR tho leqla nd .
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atandings as well as the shaft machinery control. the over-all B

' f’; 1nterlocking of the sage landing cams, shaft doors and hoista 5 

and the loud-speaking communication have completely olininated

the hazards of large trouble and accidents. There have ‘been 30

per cent fewer case of disease and 85 per cent fewer accidents
o . over this poriod. Also, there have been tewor case of catnrrhal L
| diseases in the shatts as & result of the automntion of the - ¢
hoading vnntilntion, shaft girway doors, as well as tho automatb!

heat control of all local ventilator motorag énd calorifer units

(used for keeping a preset constant temperature in the shaft). o

ggggggg ggvnngos in Comprehensive Autoggtion - . .9-

Auxilisry processes have larsely been mochanized and auto
lated in recent months. 4 , A
Wien the sutomation of the surface lhurt'oqﬁipinnt'i;d -
auxiliary ‘Processes underground has been completed, fuxther |
efforts will be made to introduce automatic and rcmote control
into the work faces in order to g0 without human elenent, speed .

AN
. . up the efficiency and make the work of ogera@ora.eaaign3 _{ N

\
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