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PREF¥ACE,

This thesis {8 preacnted to the Faoulty of the Missouri
Sehool of ¥inse and Metellurgy in fulfillnment of the work required
for the degres of Lstellurgical Engineer,

The resulta ¢f the investvigation scbodied in this thesis
were obtained from wark carriod ob at the Coarse Crushing Flant of
the Deslogs Consolidnted lesd Company, Deslogs, Missouri.

ADKEO TEDOE: 20VTS.

ssknowlsdgments are due to the Desloge Caonsoclidated lead
Company for permission to cerry on the work and salmit the results,
and to ¥r. #1111l H. Coghill, Supervising Engine:r of the ississippl
VYalley Station af the United States Buresu of liines for his oon-

strugstive eritioism.
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TEE CCARSE CHUSHING PLANT OF THE

DESLOGE CONSOLIDATED 1EaD COMPANY.

-W‘

Horece Beynolds Stahl end Robert Gidbubn O'lesre.

The Desloge Consolidated Leed Company is lesated at
Desloge, Misecarl, in the disseminated lead district of S%.
Franeois Oowety.

The orushing plapt wes bullt during 1938 %o replace
orushing instelletions at thyee mines. The plant was designed
to desliver 2,000 tons of 7 %0 § nm. feed per day to the omesn—
trating plant. Opereiing oonditions have sinos improved so that
the present toncege i{e sbout 2,200 tons of 6.5 mm. fesd per dey,
operating 16 houvs.

The essential mineral is gelena, moYe or less finely
dinseminnted in a dolomitic gangue. The ore ls camparetively

soft and easily crushed.

The building bousing the plant is of steel I'yuwe eon~
stiruction, the main floor deing ewmorets.



The flow she:t of the crushing installstion, Pigure 1,
shows the metallurgical steps in the prepurstion of the run-of-
mine ore for the emmsentrator. The drawinge of the plant show
the meshanical deteils of the flow sheet. The plan view, Tigure 2,
shows the position of ihe shaft, which adjoins toe orushing plant,
the run-of-mine ore bin, the plant eguipment, and the finished
ore bin. The eonveysnse ané the discharge of the Telmmith orusher
and Bushanan rolls is lhém in the side alevatiam, Figure 8.
Seotion A~i, Tigure 4, shows the relative position of the Telamith
erusher, pan conveyor fesder and ore bim., A section through B-B,
Faare 8, show the simttle conveyor feeding the fins roll, roll
drive, and the delivery of the Tinished ore to the mill dim.

The mines are cperated one eight-hour shift per day,
with two sight~hour shifts in the ocrushing plent. 'Two of the
mines are cuanected by en underground haulsge syetem, and the ore
is holisted in n two-sompaxtme:t ahnft ndjsvent to the orushing
plast. The are fros the third mine ia hauled to the grushing
plant in 40-ton ratlreed cors.

The are bin is of reinforeed sonorete, 37 feet by N
M at the top, itk & botsam sleping at angles of 29° uud 38°
Somard 2 cerkral discharge. The dischargs epsning ls 3 fees
aix tnolise by 4 foot nime inches. Xo pretection fyum shrasiom



Migare 3. Yiow Sheet of Denloge Consclidated Ised Company’s Ocerss
Oranhing Plant.



Figure 8. /Flan Viev of Ooarse Orushing Flans.
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Figure 3. S5ide Zlewvation of Coerse Crushing Plant.
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Figure 4. Sestiomal View of Coerse Grualing Flant Along "A-dA".
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has heen Found neeessary in the bin, ss the fine ore «m dirt fomm
& protective coating slong the sloping sides. The edges of the
discharge opsning are sudject to severe wear, and sre protected

with old rod mill liners bolted to the conerete.

INTRODUCTIOK OF ORE TO THE PLANT,

The ove discharges upon & psn gonveyor which feeds the
rup-of-mine oM directly ito the orusher. There i{s no separetion
of fines &% this point. while such & separation would, no doubt,
be good metellurgicel praotice, the sacrifice of head rocm would
malkp the Yepairing of the orusber diffisult. Also, the ep ense
of inatalling and mainteining grizslies or sersaens would pmbably
be greater than the metellurgical saving.

The pan conveyor 16 of the steel pan type manufactured
by the Comveyor Welgher Company, having 20-~foot esnters aud a
width of 42 inches, and runs at an average speed of 9.5 feet per
mindde. About 13.4 horsepower are cohsumed for a toonage of 150
to 180 tons per hour. The conveyor is set sk m- angle of 34.5°.

vhich is about the maximum .iaa}.m’&uan for efficient ecnveyance.
However, oven at this slope there is & iendensy for largs bould-
ers %0 roll oF oreap back on the conveyor, thus prcmting{ it
from carrying & fall load. Ths angle of inolination ellows

six fest of clesrance betwecn the dissharge peint of the eamveyor
and the orown of the orusher; whiech gives ample head-woom fo
e renvval of the erusler ezown.

we -



A reguler rTate of Teed is wvery desirebile for smooth
operation. Sinee the ore loads heavier st some times ihan others,
depending upon tiw sime of the pilages, it is plammed to install
a variable spsed trsnsmission on the edmveyor drive.

The sonveyor bas side linings of 2~inoh pine sovered
with 1/2~4noh stesl plate. The stscl pans ere lined wish 3-inoh -
cok bosxds. The steel side linings give twelve months service and
the oak boards on the pans six montha.

The pan sonveyor is esontrolled by sn operstor statiomed
on & platfomm at the head of the aanveyor. The plant is s0 de-
signed thet the operator has prsctically the entire plant under
his obeervation. Oontrol buttons within easy reach permit the stop
page otwefthom;mmtmemardnrsamy. The amount of
power being used by the yarious unive is reccrdsd by smmeters
mounbed nearby. Thess meters are of great value in that they give
werning of everlosding, tims ensbling the svoldanse of ehoke-ups
and othor troubles. '

The crusher is s §E Telsmith primary bresker with a steel
frems and ocperates at a epeed of 430 r.p.n., which seems Algh bdut
vosults in ineveased vsapasity. Thers is no apparent ineresse in
woar on the babditt slseves or gears on agscount of this relatively
Migh speed. Wear on the cyusher is 2ot ssvere; a renswel of the
badbitt slsevss for the matle sul eesantris la nesessaly aboud

'y X



svery six months, whioh is prsotiseslly the only repair work done.
Tares years operstiocn has produced but alight wear on coneaves snd
gearing, sonsequently no data are svailsble oo the life of thame
parta.

The ecnsuwmption of il varies, being less when the dab-
bitt sleeven are new, and gredually tnereasing as these parts be~
o worn, The usual fores feed lubrication is effeoted by means
of a pump driven from the pinien shafé, An suxiliary puwp, 41-
Tess caunected %o a motor, is maintained for emergency use. An
oil~sooling equipment is provided comeisting of a BO-gallon steel
drum with a eno~inch water ¢oil inside, s 860-gallon wooden darrel,
snd en iuterecoler fram & Norwalk sampresscr. The return oil
fran the crushey is pumped %o the 4rwum, themos 1t flows to the
interecolsr, then So the crusher, them to the wooden berrel, and
from there %o the orusher ofl tank., The steel drum and the
interecolsr may be bYy-passed during cold woather, when excessive
sooling of the oil would result.

4 mixture of high grade engine and oylinder olls is
used, the propertion of esch depending upon the seescm of the year.
‘Daring wamm weatler & mixture of two-thirds eylinder il and one-
third sngine oil is used, while im odld weathsr the proporticmms
are changed 30 abut helf-and-half. The averede oll sonsmmptien
for 195¥ wes 7.5 galions per day of two shifvs.



The erusher is operated at & very close zstting sonsider-
ing tbe re@ustion mede. The maximan discharge opening is, theorst-
ieally, 3~5|8 inohes und ¢l minimwm 1 inoh, These cpenings are
slightly larger et points in tho bowl which raseive ¢tin most feed,

and,gonsequently,wear the most. While the above setiing is quite
elose & tonnage of 150 to 180 tons per hour is mmintsined with enly
nominal wear on the mﬂu and socentric babbitt siseves.

The olose setting of the orusher is nesesasry to mﬁ
epsra%@ koduuss 1f the orusber prodfuct is tou ecsyse, the ¢oarse

?ill will refuse o nip the rock. XNo segondery srusher is employ-~
od, sonsequantly e ¢rusher proluct rmet be ocbteined thet will nod
Be 00 cosrss for the Soarss woll feed.

A regunt orusher test, giving repressntstive data om
ths size of the product, powsy, and tonnage, is showm in Table X.

Crashing gosts per ten during 1927, inolud ng power,
labor and supplies, was 30.0000.

The ¢rusher delivers to a 36~-ineh bel ¢ convayor, muning
st 420 fest por minute, with 162-foot eenters, horizontal for the
first 61 feet, while pessing ’u!.l loading points, and then assuwiing
a2 vertiaml curve of 200 feet radius for the remaining & stence.

The poser consumption is 36,2 hoedwepower. This belt discherges to
& sosond 56-insh bolt emveyor With 1i0-rost centers, imelined
19° 48", yening ot 420 feod peT mimute, and equipped with & Hobins



Teble I. SE Selunith Orusiing Tess.



holdbaek %o prevent back travel and spi!lage whex the power is ons
off. The power ocmsumption is 42.9 horsepowsr. Hoth gonveyors
are oquipped with 30-inoh hesds and S4~ineh tall pulleys, end ave
driven by belt and spur gears.
The oecaveyor belts are of eixz-ply eonstruction with open
weavs fabrie all around. These belts heve a rubder coverimg 5|3e-
ineh thisk en the carrying side snd §|38-ineh thick on the pulley
side. Cood sexvice is obtained with a eireuleting load of 900
tas per hour. Data on the life of the helts are not yet availadls.
The seeond bels delivers to the grizzlies where thw
fimt sising is nmade, the grizxly undersize going %o the final
serésus and ¥2» oversize to the coerse rell. The grissly ossupies
a space 5 feet by 11 feet and is set at sn inclimaticn of 37.8°%,
The riret grissly used was of the oxdinary streight der type with
tapered opmnings, but it clogged bedly and required ©anstant at-
Senticn,
To overcome this &ifficulsy a grate $ype of grizsly wes
daveloped, wideh proved to be quite setisfastory for this soalping
cperation. The grissly emsiste of grates with openings 2-7|8
inohes by 1-1|8 inches on the upper side, and ¥ inches by 1-5|8
inches on the Joweyr side, the long dimension running lengthwlse
of the grate. The lomgitudinmal baps are 5|8 inch thick on the
Sop and the oross bars ave 1-1|6 iaches thiek, both bars deing
s¥ghtly thinner en the lowmr sids S0 give a flavred cpening. The



depth of the lomgitulinel is 2-1|2 inches and the eross 1-1|4 inchea,
the fommer being raised 1|2 inch above the sross bare, thus per-

mitting a freer flow of meterial. Eech grate hes 56 openings and
ogoupies a space 33~8/4 inches by 14-8|4 inches. The eroes bers

projeot on esch side one~half the width of sn openiig, #0 that the
grates matoh up when laid side by side. TFour small lugs are ocest
on the oorners to provide a mesns cof anchorege.

Am the oross bare are slightly lower than the longitudi-
nal bars the flow of ore is not checked, but Just enocugh resiatanee
is offered to give what might be called a "rattling™ sction, which

materially helps in pemitting small particles to pass through,
wille preventing the soreening through of large alsbs.

The grizzly gretes are made of nangansse steel and last
about nine momths. The wesr ia not evenly divided over all the
grizzly end the grates are shifted ercund to now positioms ocew
ionally, thus allowing eash unit t¢ recsive its maximum wear be-
fore being dissarded. The grates can be ohanged in o feow minutes
and never choke in opevation except when muddy ore is ensountered,

Table II shows the tomnages and sizing analyses of the
produets to and from the grisciies.



Tadle 1I. Statiosary Grissly Crushing Test.



The grizzly oversize is laundered to the first or ccerse
ralls This is » speocial Buchenan roll, &4 inches by 26 inches,
with ordinary shin adjustment., In purchasing the rells 1% was
spesified that sufficisnt widith be provided between the side frames,
8o that the roll face could be widened to 20 inoches if desired.
The larger pulley on the fixed roll is extra heavy, with shrouded
rim, 25~inch fade, and & diamster of O feet, this giving YO per
cent more belt surface than is usually offered. The pulley on the
moveble rell is gest stesl with a dismetexr of six feot end a face
of 13 inches. The roll cores are double tepered and m frigie ntly
wide %0 take the wider shells above-msntioned. The coTes are
pressed an the shafts and keyed with 3-1|4-inch square mys. They
are further seoured by six 1~1]4-inch dowsl pine through tis hwb
of the eore into the shaft. The roll shafts are 19-1|2 inches ia
diameter throagh the ocores, 16 inches through the desrings, and
12 inehsa through the pulleys.

Dust proof bearing caps are used nnd grease ludrieatiom
is effected Dy mesns of ordinary grease oups.

The roll is set at one insh and requires re-setting
about every ssven days, the amomt of set being dependent upon son-
ditions; uswally a 1{6-inch ahin is removed. Comsiderable trauble
ws fomerly axperisssed by the roll refusing %o nip the roek.
™is wor practislly elinizated by (1) redusing the apesd o 54

“ 3 -



Ts Do Be, & Father low specd, but still giving sufficient capreity,
end (2) by bureing six gFooves 1 inch wide and 1|2 inch deep
aoross the face of eech shell. (me such grooving of the shell lastis
approximately three months and needs renewal st the end of #hat time.

The roll shells are of open hearth steel with a earbom
range of 0.70 to 0.80 per cent and 0.85 to 0.85 per cent mmgmese
A shell of this eompoaition is sufficiently soft to prevent polish~
ing, which on one set of rolls cave trouble by causing the rell to
refuse the rock. The life of the siwlls are 12 to 16 months. No
new shells axe used o this roll, as the shells fron the fime roll
are troasforred when 8 change is nedessary, nevw shells being installe-
ed on the fire r0ll. The new shells sre six inches thick mad when
moved into the coerse rull are ususlly worn Gown $o about four Imches.
The shells become dedly sorrugated after sbout two months serviocs,
but the corrugatiane do not seem to ba deleturiowe to orushing.

The chesk plates wear repidly, but only over an area of
a fow squere nohes. Small plates of manganese stesl are bolted
over the warn plece, thus avoiding the msaewal of the emtire plate
at frequent intervals.

The Nll prodiet is delivered to the 36-inah belt cunveyor
whish handles the crasder profuot.

The tomnage end grinding accomplished in the coeree roll
is showm in Table IXI.

mwmm;«muﬂlmmw, in-
aind ing power, ledar, and s@wplies, was $0.0114.



rre B, 84 insdes 2y 24 inehes.



The grizzly undersise drops into a hopper end is launder-
od to eight leahy vibrating serecns. The sereen vibrotors we run
at & speed of 820 r.p.m., which gives 1,760 vibrations per =inuils
to the eloth. The undersize of these soreens is collested in a
hopper which discharges to e 22-inch belt conveyor, which sonveys
the meterial to the mill bim,

The sorean jacket used is @ steel wirve eloth 2 fest by
8 feet, with wire diameter of 0.108 inch and openings 1|4 imah by
7]18 ingh. Soreens with squate openings were used Tor a while tut
the "Rek~Targ” variety was adepted becsuse of greatsr capesity, $he
presence of sertain argunts of slivery pleces in thw unfersize
not dbeing objestimable.

Seyesn operction is qul te satisfaotory. XNo $rouble is
experienced exeept for oscasimal ohoking csoused by muddy wateriel.

If the rells are kapt falrly tight even shis trouble may be
ameliorated. The mo:eans are placed on an engle of 32°, wioh ex-
peyrience has shown ¢0 be the most satisfactory. The material
does 5ot disoherge well om a flatter slope, and if the sereen is
muoh steeper thore is eonsidsrable fine material in the oversize.

A represantative teat of seveening operatioms is given
in Table IV.

The 1ife of the sarveen ¢loth averezes seven wecks.
Soveening eosts Tor 1987 were (0.0008 per ton of mill feed.

-l -



Table XV, Dry Sereen Test.
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The soereen oversize discharges to a 22-ineh horizontal
belt vonveyor, rwaning 360 feet per minute. The length of the con~
veyor is 22 feet between centera. The conveyor disedharges directly
into the feed hopper of ithe fine, or finmighing, roll. This Poll
iz the same in sizZe snd oonmtruction as ithe cosrse roll. It is Fun
at & speed of Y5 r.p. Mm» and 1s set at 1|4 to 5[10 inoh.

The life of the ahells on the fine roll 1is the same ae
thet of the coarse roll, us both sets of roll shelle are changed
at, or nearly, the sems time. 1% is Luportant that the face of
the shells on the fine roll sre fairly smeoth., By the time ths
emlle on the cosrse roll nesd renewinsg, the shells cn the fine
roll are uneven enough to make their renewal edvisable.

The roll disoherged on the same sonveyor belt that
serves the orusher and the eomras roll.

A representative test of the work done by the fime,
or finishing, roll is given in Tabls V.

The fine roll cowts for 1¥2Y, ineluding power, lador,

and supplies, wers $0.0128 per tom of mill feed.



Tadls V.  Fine Rell Crushing Tes$, Bushenon Rell,
0 E, 84 inedes by 8¢ taches.
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DISPOSITIQ OF FINISHED FPRODUCT.

The sereen undersize iz the finished produgt, ready for
delivery to the mill birn. Ths undursize faulls fiom e hopper to a
28-inch belt emveyoer, as praviously steted. This conveyoy is in-
¢lined 10.5“, travels 348 feet per minute, snd has u pawer consuwmp-
tion of 9.4 horsepower. The conveyor passsa over a lierrick weight-
omter, whore the ore is weighed} the asouracy of the welghtoneter
is tested every two wesls and carrected o within 0.5 per cent.

The oTe dlseharges from the inclined canveyor to a
22~-inch flat belt conveyor over the m1ll bin. The comecuntrator
focd is distributed evenly in the mill din by means of a RKobins

sutometic tripper.

All cof the mechinery is equipped with individual motors
and belt drives. Alterneting owrrent of B,200 volts is used on
the srusher and roll motors; 440 volts is used on the enveyaors
and sereens. Uestinghouse and Allls-Chalmers nmotors ore used,
all of them being of the industion canstant speed type. The s 26
of the motors used ave:
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The orusber motor starting sgquipment ocmsists of a
Westinghouse oil civeunit byenker with a Type H Westinghouse osm-~
troller, resistance grids, and a trip coil operating et 110 volts
off a separate trensfomer.

The roll starting equipment comsists of Weatinghowe
Type P10 oil sirouit dreakers with Type AF nen-reversing oon-
trollers, and reversing switches. These reversing switches per—
wit the roll to bs reveresd, whioh is e convenionce in elesning
tham in sase of ohoking.

The 38-ineh dell conveyer motors have Allis-Chalmers
sompensstion Ype starters ani Vestinghouse 815, Type L, motor
sterting switehes.

-84 -



The eurrent for the megnet, discussed below, is supplied
by 2 motor generator set, consisting of an Allie~Chalmers 8 horee~
power, 440-volt motor, dimset canseted to an Allis~Chalmers D. C.

6 e . generator.

The troughing and retuarn idlers om all the belt conveyors
are of Hobima mamifscture, equipped with Timken roller bearings and
Alemite fittings, and require ludriestion about ones in tihres monshs.

Brushas are installed on t}s lower siés of all emmveyor
belds at the discharge end, and the material clesnsd off is 4is~
sharged to s oonvenient point. BRefore the installstion of theee
brushes fine damp materis) addered to the lower side of ihe camvey-
ors and caused undue wear on the return idlers znd belts.

A Whiting 15-ton traveling orane serves the rolls mmd
the orusher, amd all haavy parts ars ezsily and quickly handled.

A 38-imoh Ohio mill type 1lifting megnet is pluced over
the first 36-insh bYelt emveyor betwesn the Alseh:srges of the two
rolls, Tramp irvon gives but little irouble aa the operstor
stationsd et the crusler remeves most of the larger pleces znd the

msgnet tales care of the remainder.



The erushing or grinding doe in & machine is often ex-
pressed by the reduntion ratio, whieh cobmonly meanas the nMieal
value of the diamet:r of (lw ocorsest sime in the feed to the die-
mstey of the coorsest sizme in the discherge. A more sigolficant
figure is obiained by firat detemining the rn®an meah of the feed
asd diseharge by the use of the levor arm prineipls , and then ob-
taining the eduetion ratio in the usual mamed.

an, Wil H., Braluating Grinﬂhs Effieiensy by CGraphieal Ke—
tkmm 1 m‘ & m&; nTMo. V@l- m' ﬁﬂlo 34, m‘ W’e' w. m'
1988,

To i1llustrate this method the fine roll orushing tost,
Tadle V, is used. The aotual feed and ths dischargs of the roll
aye sined om Tyler standard sereems. In ths actual feed, under
the column Meading “nn'h”, ere recorded, at equnl distences alang
gn imaginary levey arm, the sisea cecurring. Thus the produet ig
minus 1,00 inches and extenda through the 200 mesh seresn. Oppo~
site oach screm si m.u mwuﬁi’;ha "Hei ht Per eent, ™ ¢olumm,
she peresutege weight of the size. Thus, the <1.05 inches « 0.742
inoh size sonstitubes 12.0 per cent of the toiol weight; the
~0.748 inch + 0.020 ineh, 4.0 per oemt. The weight percentages are
smsidered as parsllel forwes squidistent aleng the imeginary lever
am. The fuleyun of the system may be talwn at any poia$, but for
m- salawlation &t iv Sekan se She limiting seresn edove the soarsest



size, or at 1l.080-inch size. So the lever arm of the -1.05 inehes

+ Q.72 inch 3ize is 1; fcur_ths + 0.5628 inch size, 8. The 1 over arms
for caloulating the mean mesh are recorded in the column "M." As
in a moment problem, the product of the lever amm and ths force re~
presents & moment. Thus, the moment for the 0.742-inch size 1a
the product of 12,9 and 1, o 12.9, end for the 0.525-inch aige,
19,0, The swmati n of the moments of sll the sizes, 371.2, re~
presents the moment of the system. Hence the whole semple, 100 pex
cent of the weight, with a lever srm of 3.71 would have the same
mament. The mean Mesh of ti® pruduct is, them, 3.71 wieves below
the fulorum, or it is botwean 0.371 inch and 3 mewh. The pumeriocal
value of the moan mesh, 7.475 mm., is cbtained by interpelation be~
twoen the two sizes.

4 similar method of caloulation is used an the sstual dis-
¢hexge. The mean meeh of the dlesharge is 5.63 sieves Iram the
fulerum, whtch is betwesn the 4 and 6 mesh. The actusl numerical
value of the rean mesh of the dischnrge s 3.863 mm.

3ince the redustion ratio is the ratic of ithe mean
dimeter of the feed to the mean dlameter of the dischmrge, l.94
is the reduction ratio obteined in the rell. This ratio may also
be obtained by weising l.414 %o the (5.85 ~ 3.71)“ power, since
ths sereen seale variss by o fiwed retio, the square Yoot of 2.

Assuming thet the work dcne in erushing veries as the amount
of surfecs profused, the lever s¥m priseipls may again be wmployed %o

-l e



Again comsiderinz the fine roll orushing test, Table ¥V, the
soreen Bize, and weight per oent ere resorded in the seme meanney as
for esleulsting the mean mesh and redugtion ratio. The lever avm iy,
however, no longer the arithmwetieal series 1, 8, 3 . . . , but the
gecmetric series 1.41, 8, 2,82 ¢« . + + ZoYo may be taken at any
point for the former, but for the latter, if different tests aye %o
be campared, it must be taken at the same point. The plus 1.08 inch-

size is ownaidered as 1; hamce the 0.7d8~inoch ls l.41 and the 0,325
fnoh is 8. The lever crm mean surface "S® is obtained from the prim-
oipls thet wien rock of a given emfigare¥ion 1ls orushed frem a
given sise to & smaller sime of the same ecnfiguration, the total
surfuace varies inversely as the lineal dimensiom. Since the open—
ings of the Tyler standard servans vary by a fimd ratio, the squsrye
oot of 2, the surface of a walt welght of each sigcessive soreen
size, Targing from coares to rine, is 1l.414 that of ti» preeeding
ons.

The moments for :he mean suyfmce calsulstion sre tl® pro-
duot of the "Weight Per unt; ¥", and"lever Arxm," "Memn Surfase, S."
Hemos the moment for the 0.748-inoh sise is 18.2] for the 0.8520-
inch sise, 19.0. The sunmation of the moments for all the sizes is
599,11, or the resultant for 100 per cent of ihe welight is 85.99, and
repressuts the 'm surface of the feed. A similar caleulation for
the rell dimderge glves 18,50 units of surfees. The unite of sur-
fars pro8used L5, tina, ts 4ifference betwesn the nmean swiecs of
the feel and disehavgs, or 18.51. On the Dasic thes the work dome

w -



in erushing varies as the smount of surface fommed, the work done
by the roll is the product of the unite of nurfaéo reduotion, 12.91,
snd the toms per hour, 384, or 3,408 surface tons per w
8imilerly, the work deme per harﬁpowr hour is the produet of

the units of surface reduction, 12.31, and the tcms per horsepower
hour, 1.825, or £2.47 surface tunse per horsepower hour.

Ths lever arm esloulations are only cerried to the 100
mesh soreen, all of ﬁhﬂ minug 65 mesh being considerz4 as
~ 65 + 100 msah. This measwure was adopted becauss of the relative-
ly emall smount of tlw fine sizes.

In the 9 Telamith crushing test, Table I, it was im-
possible to cbiain a sising of the feed, which was rmm—of-mine ore.
The mean surface of the feed was assumed to be l. is the "Lever
Arm,” Hean Supface, 5% 1s extended to tﬁé coarse sizes,it diminishes
vory rapidly ani for this zeasa the assumed Pigure 1 is approxi-
mately of the proper magnitude. The werk dome by the erusher ie
11.61 surface tmms per horaspower hour.

The osowrse roll erushing test, Table III, shows that the
roll is haniling s large tomnsge, 450 tona per hour, but tmt the
units of suxuce refiuctim is small. Hence the work done by the
Toll is omly 10.81 surface tous per horsspows:r hour. This is less
than half the work asectplisied by the fine, or finishing, rell.



The stetionary grizaly tesi, Table II, and the dry soreen
test, Table IV, are caloulated by means of the lever arm prineiple
of determining meau mesh. ‘hile the sizing teste indiocate that the
pepureiion is far from perfect, the results are satisfactory enough

$o meet the requiremsnts of the plant.

GEHERAL OCHCIUSICGNS,

In conelusion, a few miscellansous toplos may bLe briefly
disoussed. The firxst to be omsidered is the rather unique feature
of the emiesiom of segsondsry crusters from the flow sheet. This is
contrary to the usual prectice, espeeially in this distriet. The
omission of the secondrry crushers wes deeided upon bocause of sim-
plicity of flow sheet and reduced initial ond opersting expenses.
The yesulia obiained in the operation have justified this sesmingly
radicsl prosedure. It 1s not to be understood that o stage of
cruabing is emitted, hut that the work of secumdzry reduwotion has
beem distributed between the primsry breaker and the coarse roll.
REach of thase units rust bear its shure of the ocrushing.

The comparatively smell opersting foruve is worshy of eomr
nent. The elimination of secundary erushers made nossible a smali-
er oporating crew. In times of emerygendy two men have opersied
the plard swesssiully.

'Anathr item closely relaoted to the foregoing is thet of
somiralined comtrol by $de orushey feed. Thia featuxe has been
mationed previcusly, but is egain Brought up to point out how e



the centraiized eontrol .f ihe machinery makes o amaller opsrating
foree possihle. The inatallatin was mede tc follow the prescnt
trend of industrisl progress, that is, to eperste with modern ma-
chinery reuulring s small warkiecg crew.

The operating force omslets of eight men, five on day
and three on night shift. Lach shift has an cperator, sho miper-
vises the plant, atltends to oiling and mskces periodicsl examinstion
of the machinery, ome cparator vﬁo feods the crughar, nml o Fook
dupers. In addition, the day ahift has one rnmr Im genzrel cherge
of the plast, vho malms such repaivs 18 can be made during opera-
tion, and a lsbarer for elemning floors and aimiler worke

The safety prcblem, wihieh occupies such & prominemt pars
in present day industry, has been sdequately coped with in this
plant. 4l! hazards, such as belts, pulleys, and moving parts are
woll ;umrded; the plant is well lighted with mrvercus skylights
and windows. During the twelwve months of 1927 and the first thaee
months of 1933 no ecoidents reculring medicel attention ocairred.

Ome way of indiesting the efficlency of operatim 1as to
tabulate the delayes ower a psriod. The delays for th: last three
nonths of 120 amounted to 10.3 per ceat of the sctual opex €ing
time. Cf this 10.3 per cont, 63.1 por cent was duse to unavoidable
couses, such as coarse rosk in cvarse ore vin and on the orusher,
lsek of ore, power failures, and lavk of »oom in the mill bin.
The &elays are Sabulsted as follows:

- -
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Cause of Delny of Total
mil bin m}. " e o 5 & e o % ® ® e » ® @ & o &« e @ 8 35.9
EOllB . * v @ * & # 8 4 € e @ 8w € & ¢ A . & & & 2 0 & €6 B 13!?

SQI’BS’nE Ghﬁk@ﬁ * . . = L3 - - L4 .« & * v . . . L] L - * L] *« & 15.5

cmm" ¥ ® & = # ¥ e = = 3 ¥ & S $ & & w . " & H o e e * L] 5
POWS’E)I' am ‘lﬁﬂtﬂ 0&1 ® ¥ e & ¢ o W B 5 o » B 6 e & 5 w a & 50 *
GWBQ rock in ek, ] bm &n& on °mmr ® & 9 ° & o € & o @ 7-9

Cut Of TOOK &4 o« o ¢ o ¢ o 6« ¢ ¢ s 5 8 5 & o 6 4 0 6 ¢ o o 15.9
COBVOYOXB o+ o ¢ « 8 o o & o o « & 5 6 ¢ 8 v 5 s s v s ¢ » 7.3
ViB0OXIATBOUE + o o s + . 6 o 2 8 6 4 6 e 8 s 4 s e e a2

100.0

The esuses of delays are gradually being reduced, and
an improvenent is being noted from yocer to year. For 1927, 85.7
per cent of the delays wers from ceuses bheyond the control of the
erushing plant.

The ultimante sffisiensy of any industrisl plent is
moasured on a dollay and ecents bhoeis. The eosts given dbelow in-
clude power, lsbor, and suprlies, and include all expenses from
the time the ore is brought to the cosrse ore bin until it ia com-
voyed into the fine, or finishing, ore bin.

Cruahing costs per ton of dry ore for 1823 are:



zionth Cost
J&m&ryooovutoo QOO??1

Februwxy »1017
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(ATCh o 4 o v v 9 6 6 » » 0600
APTIL v v ¢ 4 4 . b e o 0868
FBY e e s 4 e v s e 4 @ 0693
JUNE o o ¢ s ¢ ¢ o o «0703

July . 0887

L]
[
L]
L
»
-
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-

AUENABY . ¢ 4 4 v . s o 08568
Septamber o ¢ » ¢ s o o 0654
Cotober + o « o & o o . +1200
Hovemabal o« + o ¢ ¢ o o « 0600

TRCEOILIOL o o o o » s » «0706.

The months showing coste of 10 and 11 cents were due to
the purchese of sxpemsive squipment, such as motors and caveyor

telts,
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