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DENISON DENNY 

A STUDY OF CERTAIN PHASES 

OF 

FINE GRINDING 

(Part of an extended investigation 
being oarried out at MaGil! University.) 

Mining 

The main problem of this investigation was the influence of 

variations in the speed of rotation of a ball mill on the 

crushing effioienoy. For this purpose use was made of a 

3' Maroy Quiok-Discharge Mill. 

The maximum effioienoy was found to be about 39 R.P.M., in olose 

agreement with the olaim of the manufaoturers. 

The range of speeds for the more effioient tests was from 39 to 

52 R.P.M., with relative mechanical efficiencies of about 

700 to 456 surface units respectively. 

An inorease in the speed of rotation, over the range invest-

igated, was found to cause a decrease in the grinding 

efficienoy. 



The in1'estlgatlon J of which the result s are 

given in this paper, was un-dertaken by the writer as 

the recipient of the Dr. James Douglas Research Fellowship 

and in part fulfilment ot the requ1rem~ts for the Degree 

of liastar of Engineering at .McGl1l University. The work 

was carried out at McGill University in the laboratories 

of the ldniDg Department, under the direotion of Professor 

W.G. McBr1de. the head of the department, and. Professor 

J.W. Bell, Professor of Ore Dressing. 
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1. 
I;:?~i~ODUCTION 

A study of the literature dealing with ball milling, 8. part 

Bibliography o£ which is given in the Appendix, leads to a 

first conclusion 'tbat considerable research has been undertaken 

on this subject. However, on closer study. it 1s apparent 

that a great deal of the work has been purely academic and of 

very little use to the practical mill operator. In the first 

place a large pari of 'the llterature ie devoted to the develop­

ment of mathematical theories of crushing and their approval 

or condemnation; in the second place much of the practical 

work pertorrtltd in laboratories has been done with iL.adequate 

equipment, that Is if the results are to be applied to actual 

milling practice. Small laboratol7 mille with batch charges 

cannot be expected to give co~d1tions approaching those iD a 

full size mill with continuous feed and discharge. 

It must not be thought that the writer Is oondemning one and all of 

the investigators In thi s field; far from it. Some excellent 

work bas been done and much useful infomation has resulted; 

but he does teel that only one systematic study has been made ot 

ball milling in all 1 t s phase 8 and along lines that w11l produce 

conclusions of value to the mill1ng fraternity. 

This has been done by Messrs. Gow. Guggenhelm. Campbell. and Coghill 

whose paper has been published recently by The American Institute of 

M1niDg and lletallurgical EDg1Deers as Techniohal Publication Uo. 

517, "Ball Millingn. 

The work was done under a cooperative agreement between the 1l1u8issippi 

Valley Experiment Station of the Un1ted states Bureau of lanes and 

the M1 ssouri School of IiIlnes and :M.etallurgy, Ro11a. M1 ssouri. 
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A thorough study of ball milling W!'.8 made under favourable conditione, 

with investigations made in the plan'ts ot two large mining 

districts combined with. the ft8ul:ta from laboratory tests. 

In the paper it is olaimed that a 2 toot mill could be used to 

forecast the work of a. conmercial mill. This may be so, 

an4, it true. establishes the S foot mill ased at l.IcGl11 

University as a very desirable one tor the se.me purpose. 

It stlpports the contention ot the writer that anything 

ameJ.ler than 8. 2 toot mill is liable to glye erroneous 

results. 

In 1932, before this paper bJ Go. et al: was published, it wa.s 

decided at JJoG111 U41vers1ty to undertake a thoroU8h invest­

igation ot ball milling 1n relation to all the Yarialalea. 

The phult WSf' erected in the sunrner of that year and work was 

8t~rted en the lnY8stlgatlon which it is considered w111 

take several years. As the work prooeeds it w111 be interest-

1ng to see how the conclusions arri "ad Et t compare with those 

presented by other investigators, pe.rtloulary the most recent. 

A practical aWdy ot grinding in ball mills must be based on the 

grinding eapaclty and efficiency of the mill. and onl7 useful 

grindlng can be considered. 

~ basie that inmed1ate17 suggests itself tor such a atu~ ls one 

in which the operating yar1ab~es are considered one by one in 

their effect on grinding. At first sight it would seem an 

eas7 matter to ascertain the effect of each variable in turn 
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on grinding uy maintaining all the others constant. However, 

on closer observation, this is found to be more difficult on 

account of the fact that Bome of the variables are induced. 

T-his point is very well brought out in the paper on "Ball 14111ing" 

by Go. et all referred to above, and the writer is so convinced 

ot its bearing on the subject that a section from that paper 

is presented in tull. 

OPERATING VARIABLES IN GRINDING 

ftGriading capacity and grinding efficiency are the ultimate 

values which interest the operator and which must be increased, 

either separately or together as the case may demand, so that ball 

milling may be improved. Capacity Is expressed in surface tons 

per hour and effioiency in surface tons per net (or gross) 

horsepower-hour. In eaoh case, only useful grinding Is evalua.ted; 

the cal.culatlons are carried down to a 11mi ting size beyond which 

additional grinding 1s unwarranted. The lImiting or "useful" size 

will yary with different plant requirements, but in this invest­

igatIon two sets of calculations have been used. those through 

65-mesh and those through 2OQ-mesh. Since the method of making 

these calculations has been discussed elsewhere, no further explan­

ation is necessary here. 

All the operating variables affect the capaoity and efficiency 

of grinding. but for a thorough understanding of their effects 

they must be divided into two groups, set variables and induced 

variables. The set varlables are those that are not changed by 

other operating conditions and include the size and design of the 
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mill. the a1ze or the discharge opening, the type of lifters. 

the speed of rotation. the amount and size ot the ball e~...rge 

and the t~ of feed. Use, the teed rate. the sizing analysis 

of the feed, and the pulp density generally may be considered 

in this class. 

On the other hand, the induced variables are such factors 

&s the amount of ore in the mUl J the location of the cater 

of mass of t:~e ball-end-pulp charge, the amount ot slippage I 

the power required and. in closed-circuit grinding. the type 

of the circulating load. 

A variation in one ot the set variable a might 'end to 

produce a certa:1n c.hange in the ee.pe.ci~l or efficiency of e. 

mill, but also it might result in changes in an induced variable, 

which would either magnify or diminish the primar,y tendency. 

r:ere it not for these induced yariab~e8. the investigation o~ 

ball milling would be a simple matter; the different set 

variables could be studied to find the conditions of beet speed, 

of best mill volume of balls, of best c1rculatj.ng load, and so on. 

However. both plant pra.ctice and laboratory work have shown that 

such a test prooedure iD not comprehensive.« 

The writer subscribes to the opinions set forth in the above statement. 

During the Session 19-32-33 at EleGill, efforts were concentrated in 

perfecting the mechan1cal equipment of the installa"tion. It was 

found that many changes were necessary and that considerable 

attention had to be given to the establishing of complete control 

over the many variables. 
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thesis for that year. 

Only three tests were run, ba.ued on the effect of the speed of 

rota.tion of the mill on the eft1c1ene7 of grinding. lie conclusive 

results were obtained, so 1t waB decided that the 88mG baSi3 should 

be used tor the tests 111 the Session 1955-34, which work thi8 paper 

deals with. 

It Vias found that many minor changes had. to be made in the then present 

equipment. as well as several additions to the plant. 

A lin of the equipment follows: 

(Detailed deSCription w111 be gi"en of that which was new during 

the period covered by this report; the other appareJtus is fUlll' 

ll.e90nbed in :Mr. Ot.3ban.gnessy' s work and is repl'od.uoed here in 

part. ) 

GRINllING PLAIn' ;.ND EQUI rl U:!l:rT .. . 

( 1 ) Power esull!'6ll!:-

(a.) D. C. power line from the Uniyerslt1 Power Plant, 

at approximately 220 volts. 

(b) A. Thomp80XL 1nteb'Tat1ng wattmeter (G.E.Oo.) 

permitting d1rect reading to within 10 watts and 

estimating to 5 watts o£ the power consumpt1nn. 

(0) A vol tmGter and an ammeter tor direct e1£b,t 

ftadinga-

(d) A. ':it h.p. Eng11sh Electric D.C. motor. This 

motor drives the ball mill through pulleys and a 
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belt, the pulley on the ball mill being connected to 

the ma'n gear on the mill by a pinion. 

(e) Line voltage reslstancea tor oontrolling the voltage 

del! 'l'ered to the motor. 

(r) Field realstanoe for oontrolling the speed ot the 

motor. 

(2) l!illing Rl.8;Ut:-

ta) A Maro1 ball mill made b7 Mine & Smelter SUpply Co., 

])enver, Colorado, with a feed scoop and quick discharge 

grid. The mill ls IDOWlted on trunnions. 

(b) A Denver Classitier. 

(c) Centrifugal pumps. 

(d) An automatic pressure grease gun delIvering grease 

to the I?2&1n mill bearings. 

(e) Three automatic pulp samplers. one tor the mill 

discharge, one tor the classifier return sands and one 

tor the class1fier oyor£low. 

et) 011 container continuously oilint ; the gear and pinion 

drive on the mill. 

(G) Water supply from a constant level tank with adjustable 

feed yB! yes. 

(h) Overflow Control Tank. (Classifier) 

(3) Ore feeding equipment:-

ta) A hopper for feeding the ore through a feed box onto 

(b) An ('~~dle8s rubber belt conveyor deliTering the ore 

into the mill. 
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(3) Continued 

to) A mixing machine tor preparing the ore after crushing 

and screening so that a more or les8 unifom feed may be 

delivered to the mill. 

tol) Mec~1cal !Wlleent:-

(5) 

ta) Electric revolution counters reg1nering the forward 

traTel ot the teed-belt. the revolutions of tile mill and 

the strokes of the classifier. A push-button tally is 

also provided. 

(b) l1..echanlcal speed counter, connected directly to the 

motor, tor reg1s\ering the revolutions of the motor. 

(c) A Bell Brake - This 1s a mechanism consisting ot brake 

lNa.nd. lever arms and a balance and is used tor the measure­

ment ot applied brake loads in ascertaining the power output 

from the motor. 

MIscellaneous e~u1~ent:-

(a) Vacuum pump and filters. 

(b) Air compressor and lines. 

(c) Graduated sampling beakers. 

(d) Scalee. 

(a) DrJ1ng ovens. 

(:f ) Buckets aDd Tubs. 

(g) Bell Screening Machine 111 th Tyler Standard screens. 
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DESCRIPrION OF PLAin: Al~ ~QUIP!' Lm~ - . ,..,,..:..., 

Power Control. 

The power line in the laboratory comes :.from the Ulliverslty power 

house and is direct current usuall)' delivered at 224 to 228 

yolts depending on the line load which fluctuates vddely 

during the daJ. In order to be certain· of the efficiency 

and speed of the· motor it was found necessary to keep the 

applied voltage constant during the teste. To do this two 

variable resistance. of .056 ohms each were inserted in 

series in the incoming line. The,. each have 24 taps. 

For light loads a :unher fixed resistance can be plugged 

in the circuit. With this arrangement it was possible 

at all times to keep the applied voltage at 220 volts. A 

sight v01 tmeter indicated the voltage and the controls were 

shifted manUally. 

Power measurement. 
u • 

With the voltage constant s1ght-'power readIngs could be obtained 

with the amnGter. DurlDg all teste power consumption 

was measured with a Thompeon, integrating, D.C. wattmeter. 

The test needle on the meter was replaced by a larger dial 

which was graduated and thus facilitated reading the meter 

accurately. 'l'he wattmeter was examined and tested by the 

electrical department. It 1'aried less than l/~ of the true 

rea.ding at the end of one hour's use. This correction was 

not made in any of our calculations as we are princ1pal17 
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interested ~ motor output which we deter.m1ned accurately. 

Motor. 
• 1 

The motor was designed and built b7 the English Electric 

CompaIlJ. It ls compound. with El continuous rating of 

50.6 amps, 220 volts at 625 r.p.m. 

The speed Is controlled b7 two variable resltJtances in series. 

The smaller resistance has 36 taps and the large~ 21 taps, 

two taps on the larger having about the same e£f'eci as 

the total smaller reslstan_ so that a very :tine adjust-

meat ~ speed Is available. ~ res1stancea cut the 

field current from 1.6 to 0.2 amps with a corresponding 

speed range from 640 to over 2000 r.p.m. at light loads. 

f.he motor has a cooling tan attached to 110 shaft. This 

pemlts good .cool1Dg of the windings and the temperature 

of the machine under load becomes and rena.ins oon sCant 

after a ahort period. 

The Bell Brake. 

ID. order to determine the output ot the motor tor 8Jl:1 input, the 

a:rmature shaft was permanentl,. CODll8cted through a flexible 

coupling to a Bell brake. The brake consists of' the uwal 
- . 

brake drum ri th a steel shaft mounted in ball bear! ng&. 

The braking load is applied by winding or lapping a canvas 

bel t. which has been soaked in 011, on the drum. ODe end of 

the belt 1s attached to a system of levers, the other passes 

around a portion o~ the brake drum. over a roller. which 

can be shifted to fUly post tion a.bout the drum (hence lapping 

or unlapping the amount of belt on the wheel). and ls attached 

to a lead weight hanging freely. The roller which controls 
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the belt lap is operated through a worm gear eo that very 

minute cbanges in load. conditions can be made. In using 

the brake the tare of the belt and weight ls obtained and 

this weight substracted from the weight recorded on the 

balance. The drum 1s cooled by a continuous stream 0:£ 

water, from a constant 1eY81 tank. whioh ls directed inside 

the dram. It flows to the edges, around the inside of the 

braking surface and is scooped out b7 a pipe. adjusted close 

to the inside periphery ot the wheel, and run to waste. The 

advantages of this type of brake oyer others Is its extreme 

sensltlYity and smoothness in applying a load which can be 

kept constant tor long periods. 

SE!ed Redu~tloD Driv~ .• 

!he motor has a 51" paper pulley on the armature shaft. It drives 

a 4-ply endlese rubber belt running on the 24 inch wooden 

mill pu.lley. Ifhis in turn drives the countersbatt and pinion 

with 15 teeth and the main mill gear with 91 teeth. Both gear 

and p1DiOD. are kept lubrica.ted with oil as the gear dips 

constantly into an 011 reservoir. Both are protected from 

dirt and grit 'by a metal cover which also prevents oil from 

epl'tqing about the laboratory when the mill is operating. 

The belt 18 kept tn uniform tension by a counterweighted idler 

pulley or belt t1ghtener. 

The pull81'S on the motor and the mill are replaceable by ones ot 

different diameters. 



11. 

Ball. !I1i1.!. (See Photogra.ph No. 11.) 

!he ball mill 18 three teet long and averages 24.04" in diameter 

lnelde the liners. '!he liners are of maDgaDese eteel, wave 

t7Jle, with 6 longitudinal .. ayes. !lhe height of the waye 

crest aboYe the troush 18 1.05". 

and are bol teel to the mill shell. 

!he7 are made in 6 pieces 

!he teed scoop ls of a 

standaJtd tn>e with a spiral conv87or tPzougb. the main trwmiOll. 

~ Ddll 1a equipped. with a MaNy quick discharge grid. The 

weight of the mill ls carried on the two majn trunnions which 

are mounted in babbit Journal bearings kept constan'tly lubricated 

by grease from an automatic grease feeder. 'the total weight 

of the assembled 11111 and liners Is S725 lbe. Facilities are 

anange4 80 that 'the mill can be l1tted out of the bearings and 

lowered to the laboratory tlcor where the end of the mill can 

be removed tor aIl7 necessary in'ternal adJustments. The mill 

18 equippe4 with a small man hole through which the ball load 

m&7 lle put in the mill. 

The weight and l-ocation of the scoop feeder ca.used &. fluctuation 1n 

the amount ot power dr&\m by the mill during it e revolution. 

The scoop 1:8.8 countezo'balanced by attacb 11l6 lead weights to the 

main gear. The power drawn by the counterbaL"lnced mill was 

quite n~. 
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~nt~~~U8 Grease F~er. (See Photograph No. 5.) 

The grease feeder for the main mill bearings consists ot a large 

cylinder contailling a piston, piston rod and tlJ.\", n8cessa.rl 

packing. The piston rod 18 threaded and has a stop catch 

)cel' which prevents it from rotating when in pla.-ee. The 

rod passes- through a threaded Wheel driven by a worm gear. 

The WOI'm gear ls operated b7 a speed reducer which 1n turn 

Is driven b7 a large pulley connected b7 a leather belt to 

a small pulle)f on the mill co-untershatt. The overall speed 

reduction ot the f'eedill8 arrangement 1s 2000-1. 

!he cyl1ndel' ls tilled with grease b7 pulling back the piston to 

its extreme position, ( reutOvlng the kez mentioned above in 

order to do this ), attaching a hose from &. vacuum pump to 

a pipe on the side of the cylinder and drawing grease from 

a container by means of the suction. When the gun ls :filled. 

necessary piping 1s replaoed and the mill started. The 

slowly revolving threaded wheel forces the rod and the piston 

forward displacing the grease which 1s forced through piping 

to the incoming 81de of the Journal bearings. The cylinder 

when charged is 7" long and 4" in diameter. Such a charge at 

about aq% critical speed lasts 60 hours. 

Dischart,,~ ~re!E .• 

The discharge end ot the mill Is fitted with a circular screen (8 mesh) 

to take out large pieces ot rook from the discharge. These 

might interfere with the pump it left 1n the circuit. The screen 
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Is washed with a continuous spray of wa.ter froLl a constant 

level tank. The wa.ter has a dual purpose; it keeps the 

screen open and washes most of the fine particles of crushed 

rock off the oversize which Is diecharBed 'D; IN".-te ~creen. 

Pump. (See Photograph No. 5.) 

~ mill discharge mixed with a regulated amount ot water Is 

pumped to the classifier by a standard lift centrifugal pump_ 

Classifier. (See Photograph No. 1.) 

!he clas8ifier 1s a recent development brought out b7 the Denver 

EquilEent Co. It consists o~ a rotating drag in an inclined 

box. The drag is a half section of a low pitch spiral; and 

has a reciprocating motion. During the down stroke the spiral 

ie clear of the sand and water but on the up stroke it helps 

move the sands up the incline. In effect, the operation 18 a 

oombination ot Dorr and Aklns principles. 

Feeder. (See Photographs Nos. 2 & 3.) 

The conveyor feeder oonsists of an end~ess rubber belt driven by a 

frict10n roller arm which is raised and lowered by a cam operated 

'by a. speed reducer and a small motor. The speed of the belt 1a 

controlled by adjusting the amount of movement the cam. imparts to 

the lever arm. This Is measured by a vernier a.ttached to the 

a.rm. 

The belt 18 loaded trom a small hopper with a fixed opening. Felt 

pads under which the belt passes at the edges keep a feed of 

unitor.m cross sect10nand prevent losses. The spill-way le 
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directed into the feed reservoir at the feed end of the mill. 

Au~'1.c Samplers. lSee Photograph No. 5.) 

The samplers used to check quantity and quality of pulp 111 the mill 

circuit were developed in the MCG111 laborator,y. As origin­

ally deelgu.ed they consisted ot a discharge pipe sloping at 

an angle ot 45° which was rotated by a. motor through El worm 

gear drive. In the circula.r path which the discharge end of 

the pipe made a radial cutter was placed. The cutter open­

ing was mad-e 1/50 of the area ot the discharge ring and the 

edges were made radial so that it was natural to expect 1/60 

of the total discharge would be caught by the cutter. When 

the sampler was connected to a st6~ flow of water which 

could be varied it was found that the portion o~ the total 

water retained b7 the sampler varied from 1/~6 to 1/44 depend­

ing on the flow o-r wa.ter. 

A study of the elemental equation representing the mathematics of 

the system verified the tact that the portion should be 1/50 

but 1 t also indicated that in the sa.mpler as a.rranged the time 

factor (during which the sample was procured) was a function 

of the now of water and that this wa.s disturbed due to the 

rela.tive osoillation of the water in the discharge pipe. It 

was felt that it the distributor was made narrower and radial 

the time factor would then be practically independent ot rate 

of flow. A radial distributor wa.s made and the results then 

varied from 1/41 to 1/44. The variation was traced to a 

disturbed oscillating condition in the water coming out of the 

distributor. Two baffles were then inserted in the elbow at 

the entrance to the distributor and the sampler became quite 

steady. It did not reach the 1/50 expected but in all pro-
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-Ul aP.4 eolWe,or feeder haft II&ko &ad 'break oontaota on them.. 

"'ha ",o!.ut!oa. or strokes an fttOor4e4 b7 ~ftlc "oo~. 

PftNa,*ed to the ~t.. ~ OGWLten require Utoula? 
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in ser!es, three beIng used to 1111.UJrlnate the HGO~ers s.n.d 

eat! staetory arrangement. 

Feed COTer • 
• 

at high speeds 80 1 t was enolosed w1 th a metal cover. 

ClaDsifier OYerfiow C(m:t,;rol Tank. 
J I '. - t· • PI. 

'!his Is shoa. in Photograph No·. 6 

It was devised to overcome the effect on the autama~1c sampler of 

the uneven discharge trom the mill and thence the overflow from 

the claseitler; a1.o to provide some measure of the st~te of 

balance of th. ci:rcult. 

!'he palp from the m111 discharge 18 pumped to the intake of the 

clss$1f'ler. ~ overtlOVl' f'rom the latter goes 'to this 

O1'erflow Control Tank. It passes through a fine screen and 

then through a 6" Cl11ndrteal tank to a circular cone. the 

bottom of which leads into a. 3/8" pipe J 9n long. To the bottom 

of this pipe is Att.aehed 8. ge .. te valve with a :fine screw adJust-

ment, which allows the pulp to 'be kept at a more or leas constant 

leval in the upper tank. 

After paastng through the gate valve the pulp flows through the cutter 

of an automatic emnpler. The upper tank ie provided with all 

o'fer£lOll' as shown and with rindows. '!'he bottom o~ the cOnical 

tank is Joined to the pipe oolu.1llll by a union .ioint. An air 

11n~ enters thi. joint so that air may be blown in the 'bottom 
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of the tallk for agitatIon purposes. 

A small pipe Joins the pipe column near the bottom. To this Is 

attached a. water gauge eo that the pulp level mal be accurate-

11 meanure4. 

Ore Mixer. 
I 

~h18 machine was made in the laborato17 and was designed to provide 

a mechanical mixer for the purpose of producing as near as 

possible a. ttperfectn mix BO that the feed to the mill should 

be ot a constant character. 

The underlying principle of the machine Is that ot cutting and the 

kernel was made up :from the mechanism of So spare revolving 

8ampler~ similar to thana in usa with the ball mill, the cutter 

beIng replaced by a :feed spout ot 1 n pipe. 

Photographs No. 8 & No. 9 show this machine, some details of which 

follow: 

A circular box 12ft in d1ame-ter was made out of brass sheet. 

Viith1n this box was soldered a ciroular partition and the space 

between the outside wall and the partition wa~ diyided into ten 

equal compartments. An opening waS allowed from each of these 

compartments and chutes 1" square were attached at an angle of 460 

to carry the rock from the compartments to bags or boxes, as 

required.. standing on a revolving wooden f)latf'orm. All inlay was 

made in this plat:tonn to carry & sca.le as shown in the photographs. 

The ore 1s fed from an elevated platform into a vertioal pipe 1 tt. 

in diameter. At the bottom of this pipe an inverted cone was 

plaoed. set in a hopper. This was for the purpose ot eleminating 
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any classification of the rock. The hopper feeds directly 

into the mixer through all/8 ft pipe to a. slot gate and thence 

by a 1" pipe to the spout of the mixer. 

When in operation the yertical pipe and the hopper are kept full 

right up to the charging floor. 

The flow of the ore is as followa:- through the vertical pipe onto 

the inverted oone, and into the hopperj thence. by open-1ng 

the gate, it flows into the spout of the mixer which 1s being 

revolved by an electric motor; the spout del1vers it into 

the ten compartments from whence it slides down the chutes 

into boxes or bags. 
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DISCUSSION OF CHANGES MADE n~ PLAtH AND EQUIP~~'lr 
, • ij • 

The experienoe during the previous year showed that considerable 

work had been necessary to prepare the plant tor tru;Ucing test s. 

Almost 'the entire year was spent in making additions and adjustments 

to the plant. 

It was found necessary, during the year covered by this report. to 

make some !unhar changes, details of which fo11ow:-

Water ,Supply. 

Some difficulty bad been encountered in obtaining a satisfactory 

control and calibration of the water supply so 1t was decided 

to oyerhaul the whole system. 

Previously two lines had been taken trom the big constant level tank 

and a third trom a smaller tank. All three now come from the 

big one. The iron pipes used were considered a source of dirt, 

causing bloclcages in the valves, 80 they were replaced by brass 

piping throughout. Further. the tank wa.s thoroughly cleaned 

out and the intakes of the pipes for the water supply were screened 

over. 

New slot yal ves were made w1 th smaller slot a than previously so tha.t 

more accurate calibrations could be made. 

The three valves were accurately calibrated, as was thought; but, after 

~mning several. test s , it was found that the flows at the beginning 

• 
and end of the test e were not the same. At first 1 t was thought 

that particles of foreign matter were causing the difference; however, 

a checlt-up of the system did not correct this cond! tion. So it 
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was decided that the cause was entrapped e.1r. To eliminate 

1;h1s the upper elbows in all three pipe lines were tapped 

by means of small brass tubes leading to pet cocks. As the 

air accumulated in the upper elbows the pet cocks could be 

opened for a short time and the air drawn ott. 

In the later tests it was found that this had solved the problem 

fairly satisfactorily. The beginning and end flows rarely 

varied to a:rq great extent. 

It ls considered that the water supply 81 stem , a.s it exists to-day. 

18 in a condition that allows ot sa.tisfactory centrol. 

REVOLUTION Com~ERS 
n 

Some slight aJ.'ttjrat1ons were made in the make and break contact B of 

the electrical recorders tor the ore conveyor and the ball mill. 

All these contacts are now a1Dgle action. being operated by & cam 

making one contact as followSl-

(a-) tor each upward movement of the friction roller a.rm operat-

1Dg the belt conveyor. 

(b) for each revolution of the mill. 

(c) f'or each forward raking movement ot the classifier rake. 
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Ore Feed Hopper. 

Orig1nally the hopper was pyramid-shaped. It was found that this 

caused OOllaiderable classification ot the rock. the tines tendi»& 

to accumulate 1n the eorners. This condition was aggravated 

b7 the hopper beiDB fairly larp_ t.rheretore. the hopper W&8 

replaced b7 another one much smaller and conical in shape. 

This improVed. matters considerably I and was helped by the 

addition of On17 from 50 to 40 pounds of ore at a time. 

11.111 Di,!!!!are End. 

In the earl; teste It was found that considerable n gulping" took 

place in the discbarge of the pulp trom the mill. In trying 

to improve this condition it waa discovered that the litters 

Oll the qulck-discharge end of the mill were not throwing the 

pulp out as they should into the discharge trunnion. Instead 

ot 'fall1n8 into this trllnn1on, a good deal of the pulp was 

running round the edge ot the lifters and back into the well 

on the outside of the grid. 

In order to oorrect this. an extension was built onto the oentre ot 

the litter s eet10n eo that the pulp dropped well out into the 

discharge trunnion. While this did not solve the problem of 

the uneveness ot the discharge, it Is probable that it helped 

somewhat to do so and it at least eliminated one of the possible 

causee. Further. with the added extension, it wa.s found possible 

to thrust a pan under the lip and thus obtain a fairll represent­

ative sample ot the moisture content within the mill. 

It would seem that there is some fault in the deSign ot the lifters 

on the lIa.rcy ball mill, because. even 'Ri th the extension that 

was added, there was a oonsiderable run-back of pulp into the 

discharge n11 of the mill. 
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Olassifier Overflow Control Tank. . -
Aa has been mentioned before. the flow of pulp hom the mill wa.s 

V87:'1 uneven. This uneveness was transmi tied to the overflow 

ham the classifier and pve erroneous results from the 

automatic sampler. One gulp too few or too maJl1 in arq given 

time ca.used a considerable dUf'erence in the nadlDg8 on the 

graduated fla-Sks in which the cut samples were collected. 

In order to overcome this difficulty it was decided to allow the 

overflow to teed into some sort of a settling tank, the flow 

from which could be controlledq First of all p small cone.-

9ft long, 6" diameter at the top and lift diameter ILt t he bottom,-

was tried. It 'flat! found to be too short for suitable control. 

The length r::f pipe between the bottom of this tank and the 

sampler was then inereased~ but it wa.s still found uneatlsfaot-

ory. Finally a oylindrical tank a foot in l~~ was super­

imposed on top of the conical tank and this combination was 

found to be better. 

F.etinoolenta were added which enabled a very good control to be 

obtained. These included s. screen at the top ot the cylindrical 

tank:; an air line for agitation at the bottom ot the conical 

tank; and a water gauge attachment ~1xed to a graduated scale 

which served as an excellent indicator ot the pulp level. 

As has bean descrlbedelsewhere, the slot valve was controlled by a 

sensitive screw adJustment. allowing yer:/small changes to be 

made. 

This apparatus 18 considered a yery important add1 "ion to the plant. 

With carehJ. attentIon. an even flow to the aampler can be main-

talned. Further, the water gauge supplies immediate evidence 



23. 

of any change in the discharge rate from the mill and 

was found very useful to 1n41cate when the circuit had 

reached a state of balance. 

It may be that some further improvements w11l be made in this 

equipment, but there 18 no doubt that it has proved of 

great value. 

Ore Mixer • 
• 

In preparing the roelt for the tests it was crushed, acreened 

and bagged. It was thought that this would provide a 

fairly uniform teed. However, the first five tests 

showed that this was not so as evidenoed by the variations 

in time taken tor similar amounts of feed to pass through 

the hopper of the ore feeder. For example. in Test No. 5, 

variations in the feed rate for individual boxes, all of 

which were the same weight, were as much as seven pounds 

per hour on each side of the average feed rate. 

At the conclusion o"f this teat the mechanism of the feeder was 

thoroughly checked and tested. but still gave wide variations. 

Therefore, it was decided to study the effect of mixing the 

feed. 1,280 pounds of feed were cut in thirtl two parts 

by hand on the riffles and used in Test No. 6. An immedia.te 

improvement was seen, variations in teed rate from the 

different boxes be1ng much slignter. Instead of extreme 

differences of seven pounds on each side of the average 

feed rate, as in Test No. 5. these were only two pounds now. 

This b~ught about the deciftion to make a m.eohanical mixer that 

would cut down on the time and labour involved in mixing 

by hand. and Professor Bell designed a machine which was 

subsequently built in the laboratory. The essentials of this 
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machine are described elsewhere. 

On completion of the m.ixer. it was decided to detennine how many 

passes through the machine were necessary to ensure good mixing. 

Before starting, tour bags of the crushed and screened product were 

taken at random and sampled. Screen analyses showed very uneven 

mixing. especially on the coarse 81zes, as had been expected 

f'rom the unevcness shown 1». the ra.te of feeding b3 the ore feeder. 

i'hen the c rushed and screened rook was all passed through the mixer 

once in lot s of 500 lbe. producing 20 such lot s. One bag from 

each lot was cut down to proYide sa.!lplGS tor ecr(;~~n analysis, it 

being assumed that the bags in each lot would not vary a.pprec­

iably. Eaeh bag trom which a sample was cut was weighed. The 

products on each screen were multiplied by the weight of the 

corresponding bag and the totals of this result for twenty bags 

or each size were divided by the ~otal weight of the original 

twenty bags to arrive at a t'pertect tl mix for five tons of rock. 

'nl1s "perfect" mix was to be aimed a.t and the rock was to be 

passed through the mixer until this end wa.s attained. 

Therefore. one lot of twenty bags, that Is one bag from each of' the 

twenty 500 1b lots from the f'lr:2:t pans through the machine. was 

put through a second time, being taken out in boxes of approx­

imately 33 lbs. in. three lots of ten. Two boxes from each ten 

were .sampled and screen analyses made. 

I-t was found th&~ the two samples from the same lot checked fairly 

well, but varied considerably from those .f the other two lots. 

The average of the six samplee checked with the 1Ipertecttt mix 
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on the tine screens from 14 down, but varied as much 

as 4p on the coarser slaes. 

The same 1000 lbs. were put through a third, fourth, fifth 

and sixth time. but only one box out of ea.ch ten boxes 

was sampled, it haY1Dg been demonstrated on the second 

cut that the boxes in any one lot closely re~embled one 

another in mixture. 

On each successive cut it was noted that a closer approach 

to the "perfect" mix was made, the. finer products check­

ing very well. But plus 4, plus 6 and plus 6 products 

continued tc show considerable YAriations. 

It 1s impossible to say how many passes would be necessary to 

even out these variations, bu1. it was decided that ti ve 

or six would be sufficient for the purpose ot theae tests, 

eepeaia1l3 !lS the fines J which a ffeet the mechanical value 

of the teed, did seem to be well mixed. 

Sunmazl.. 

This concludes the description of plant and equipment and the 

d1 ecu8s1on of add! tions and adjustment e made during the 

Session 1935-M. 

The two most important add! t10na to the plant a re the Ore Mixer and 

the Classifier Overflow Control Tank. 

It ls considered that this new equipment should prove of great 

assistance in the continuation of the research, and that the 

other improvements have resulted in a plant more suitable 

tor the study of fine grinding. 



26. 

METHOD OF DETlmMINING RELA~IVE mscH&~CAL EFFICIENCIES -
A. great deal of the work done in the field of czuebi ng and 

grinding has D een devoted to the finding ot & method 

tor determining the efficiencl of crushing. 

No suitable means has been diacovered due to the inabllitl 

to measure the work usefUll)? done. 

'lheretore attention baa been focussed on the mea:rure41oo"t 

of ~flclenC1 by means of relative mechanical efficlenc1es. 

This gives an indication ot the use-fUl work done by 

meas-~r1ntI the raduc"tlon in alze of particles during the 

crushing operation in unite representing energy values. 

~ K1~ versus Ritt1nger Controversl. 
, 

Two main theories of Cl'Ushiug haTe been advanced for the 

expression of relative mechanical efflciencies, namely 

the Kick and the Ri"1nger. 

9!heae theories may be stated tbus:-

Kick:- ttlfhe energy required for producing analogous 

changes of configuration ot geometrically similar bodies 

of equal technological state Taries as ~he volumes or 

weights of these bodies." 

Ritt1n§er:- "!he work done in crushing Is proportional to 

the surface exposed by the operation. et 

In the research work being done at McG111 University it has been 

decided to use the Ritt1Dger theory, and it f!J&7 be interest-

1ng to tollow the steps which led to this decision. 
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From the literature on the sub Ject the following point s 

are of interesta-

1. In 1906 Measrs. .Pearce and Caldecott proposed the 

representation of the e:ffic1enc; factor by the reciproeala 

of the diameters of the particles. 

2. In the same year Messrs. Klund and 'az1or suggested that 

the efficiency factor should be represented b7 the squares 

of the diameters of the particles. 

3. In 1909 Ohapman suggested as the effioiency f'a1ltor the 

Il\lmber or nlQsh per linear inch of arq set ot screen.s wl th a 

consta.nt ratio between diameter of wire and lllesh aperture. 

These three proposals are all based on Rittinger'e theo17. 

4. In. 1910. S~er wrote his pa;J,)er on "Grading Analyses 
.. 

and Their Application." Re c1a1med tha;t the only accurate 

method of de\e1'fldnlng the energy absorbed would be one based 

on Klok"s Law. the essence of whioh is that "the energy 

absorbed in crusblng is proportional to the reduction in 

volume." 

~h18 paper constituted the first serious attack against RittlDger's 

theory. 

It was shown theoretically that R1ttlnger t s theory required the 

use of about 25 times as much power, as that required by 

Stadler's enunciation of Kick's theo17, to reduce 1" rock 

to 200 mesh. 

It should be noted that all the discussion to date had been purely 



28. 

theoretical, and It was obvious that practical work woulti 

have to be done todeclde the point. 

other theoretical papers have been presented trom time to time. 

notably by del Mar, Speak and Taggart» but 'the experimental 

work has been the proving ground of the two theories. 

5. In 1912. H. Standlsh :Ball wrote a paper on tlTI'he Economics 

of Tube Milling" baMKl on experimental work a.t .McGill University. 

It was claimed that Kick- 8 Law had been substantiated but Prof­

essor Bell ot kG1ll later showed that there had been an error 

in the reasoning. 

6. The next work of' 1e.por1;anoe was by A. O. Gates whose paper 

nuck ye. Ritt1nger: An EJcperimental InYestigation in Rock 

Cruahing Perfomed at Purdue University, It was published in 1915. 

He performed experiments with a testing ma~hine and arrived at the 

conclusion that Rittinger'a Theory more nearly represented the 

actual taeta than any other proposed hitherto. 

7. Further substantiation tor Ri ttinger WEtf3 brought forward by 

John VI.. Bell at !l,iQGill Un! vera! ty in the succeeding year. 

Extensive testa using rolls and crushers produced rasu,l'ls similar to 

'those or Gates. 

B. Finally in 1928 Grose and Z1mmerley lent further support 

to the R1tt1nger theol'1J and in the recent publication b,- Go., 

Guggenheim. Campbell and Cogh111 on "Ball Milling" this theo17 

was accepted w1 thout discussion. 
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SummSng up the si tuat1on. 1 t 1s evident that there are strong 

theoretioal supporters of the Kick theory; but it is no 

less evident that Rittinger 1s substentiated bl the bulk 

of the practical work. 

For this reason Rittinger Is the theory accepted by McG111 

Univers1t1 and it is the opinion ot the writer that it 

ls the one accepted by most interested people to-day. 

However. before leaving this subject, some mention should be 

made ot another method that is used, especially b~ mill 

operators, in determining the effioiency of crushing of 

machines. This is known as the "Tons crushed per 

horsepower-hourtt method. Determination ls required of 

the tonnage, power coneumed and screen analysis ot the 

finished product. If it i8 t)nly required that the final 

product shall all pass a given limiting screen, then this 

method ls satisfa.ctory. Row3ver ita use if: usually limit­

ed by the tact that the amounts of the product in the dif­

ferent sizes below the limiting size must b£ considered. 

It 1s interesting to note that thi c:3 method has been adopted by 

Gow. Guggenhe1m. Campbell and Cogh11l in their recent paper 

on "Ball Milling.ft Since the writer regards this paper as 

an outstanding contribution to the research on milling. he 

would like to suggest that serious thought be given at l4cG111 

University to making a trial of the "Tons crushed per Horse­

power-hour" method a.t some future period in the prenent 

investigation. 
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DESCRIPrION OF TESTS 
t 1 

Int roduot ion • 
• 

!he basis of the work has been to determine the effect of vu-

iatioD in the speed of rotation ot the ball mill on the 

efficiency of grinding. 

Eighteen tests in all have been made at speeds ranging trom 

28.5 R.P.M. to 52 R.P.lJ. or approximately 50 ~ to 92 % 

ot critical speed. 

Results have shown that increase in the speed of rotation of 

the mill above a certain point leads to leas efficient 

grind'ng. 

It had been hoped to run Borne tests at speeds above the critical 

epee, but this unfonUllately was not possible. 

Van7 important adJustments have been made to the plant as well 

as several addltions of new equipment. 

fTel.l!!!!!l Work. 

(l)Remodelllng of Water S,stem. 

It had been found during the previous year that the 

water 878tem. was unsatisfactory and unreliable. Therefore, 

the first work undertaken this year was to overhaul the 

87stem completely replacing the iron piping with brass and 

making other adjustments. fully described elsewhere. 

(2)Callbration ot Equipment. 

ta) Having changed the water system it was. then nec-

8Ssary to calibrate the three cocks. Considerable time 

wa.s spent in doing this and it wa.s considered that the cocks 
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could be set within a pound or two of &1J.'3 required flow. 

Subsequently it turned out that these oalibrations 

were very inaccurate due to the presence of entrapped air. 

This was rectified by drawing off the air through pet cocks. 

Re-calibration was made only over the ranges to be 

used in t.he remaining tests. so 1t still remains tor a 

tall calibration to be made. 

(b) Some adjustment had been made in the ore feeding 

equipment so that a calibration of this was necessary. This 

was done over a w1de range of settings on the Yernier. How­

ever~ once aga:in, this calibration was found to be unreliable, 

the cause eventually being traced, after considerable er~r1-

mentation with the friotion roller, to the uneven mixture of' 

the feed. 

A second caUbration was not undertar811 as it was found 

that the or1g1nal one gave fairly close approximation.s which 

could very quickly be adJusted after the tests had been run­

ning for a short time. 

(5) Screen analyses were made from several samples, taken 

at random from the prepand teed, to determine. the mechanical 

value or the teed. The rock ueed in these teste was a pure 

quartz1te_ absolutely homogeneoutJ and very desirable for an 

inYest1gatlon on grinding. It had been prepared by crushing 

and sc.reeniDg to remove the finea. 

SUpplement~ Wor~. 

Atter the prel1miJUU7 work described aboYe the series of tests was 

commenced. However, trom time to time ~ 1 t was :round necessary to 
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make ohanges or do other work than that whioh was routine 

tor the oarr,ytng out of the tests, some details of which 

follow. 

(1) Atter running tour teste it was evident that the 

d180harge from the mill wa.s very uneven. This was shown 

bl the lrregularlt7 in the classifier overflow samples after 

sufficient time had elapsed to allow a balance to be reached 

111 the clrcu1 t. It was decided necessarl to arrange tor 

some control of the pulp between the overfiow end of the 

classifier and the sampler. Considerable time and stua., 

was devoted to this end, Yarious ideas being tried, and 

eventually the overflow control tank was developed. 

This was improved upon on several occasions and ult­

Imately resulted in a ve'Q useful piece ot equipment. It 

not only counteracted the "sulplngtt effect, but also served 

8,S an indicator ot the point when a balance had been arrived 

at in the circuit. 

(2) !rile uneveneea of the mill discharge also led to an 

investigation of the mill diecba:rgeend. It was found that 

the litters were not performing their work properly, in that 

the pulp was not being thrown out into the discharge trunnion 

in an even stream, some of 1 t rwm.1ng back into the well out­

side the grid. In order to correct this the mill was taken 

down and an extension was built on to the llfters to correct 

this fault. 
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It might be mentioned here that the inside of the mill 

W&S examined at this time and found to be in perfect condition. 

Also the balls were weighed and the broken ones disoarded. 

t5} Autom&tio Ore Mixer. 

As has been described elsewhere, this machine was bull t 

in order to provide a more uniformly mixed feed to the mill 

than bad been possible formerly_ This oondition was particularly 

desirable 80 that the feed rates Should be approximately constant. 

Mter the mixer ha.d been made a fairly extensive study wa.s 

made of its performance, details ot which are given under 

"Di8OUsslon of Changes Made in Flst and Equipnent." 

G&ne~ Met~ o~Procedure in 1~;ag [Actual[ Tests. 

The method of operation in all the tests was not exactly the same. 

However, gradlLally a definite scheme of operation has been 

developed and Tests 12 to 17 were all on this basis. 

A 8'Uli'V'Dary of the main steps in this procedure fol10119:-

ta} It baring been decided under what conditions & test was 

to be run. the amount of water desired from each cock. was 

calculated and the cocks set at the points to give the required 

flows. Then these flows were checked by actual measurement 

so that there could be no doubt about them. 

(b) The vernier setting on the friction roller arm opera.ting 

the teed belt was adjusted to provide the feed rate desired. 

(c) The ball mill was started up with ita. rheostat set on the 

tap to provide the required speed of rotation. 
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(d) The ore feeder was started up. 

(e) '!he water cocks were opened. 

(t) As soon as the mill began to discharge pulp the pump 

c&rr,11Dg the pulp to the classl~ier and the classifier rakes 

were set in motion. 

t g 1 The voltage in the line to the motor wa.s kept at a 

constant figure bl a res-istanee control. 

(h) As the olassifier began to build uP. the overflow 

control tank was periodically adjusted to give an even discharge. 

When the oircuit was in balance it was found that these adJust-

menta were necessary only very oocasionally-

(i)A:f'ter the mill had been running for about two hours, 

when it was considered the cironi t wa.s approaching a balance, 

readings were commenced at t.he control board and preliminary 

samples ot the olassifier o'lerfiow were taken. 

The read1nge at the control board were as f011owe:-

Voltage 

Amperes 

wattmeter readings giviDg input K W hrs. 

Motor R.P.M. 

1iI1l1 R.P.L 

Clau1fler llakes/mlnu.te 

Ore feeder strokes/minute. 

( j) When the prelimi nary IJ8I!lplea showed that the mill was 

in balance. final sampling was commenced. 

(ll Classifier OVerflow. 
I I •• 

tfthe automatic sampler WaB set 1n motion and samples 
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tor a measured time were oolleot&d in large graduate 

flasks. At the same time the flow that was not collected 

b7 the sampler was caught ~ 'big tubawh1ch.could be weighed 

and later dried. These tub samples served as a check on 

those giyen by the sampler. 

As these overflow samples were taken they were we1gh-

ad and calculations Jlere made to show the amount of pulp 

in the overflow. 

Sampling was oontinued until it was apparent that a 

balance had been reached in the circuit or would never be 

reached due to some undesirable condition. 

(2) M11~ .D!-ecbarge ~ Re~ S~d,8. 

Automatic samplers were also used for these two 

produ.cts. 

The samples were collected 111 bucke",s and were taken 

to correspond with the overflow samples. 

( 3} OTers1ae • 
• 

The oyeraize from the mill d1:acharge was collected in 

buckets and the amount per hour at d.~lo.f'ferent stages of the 

test calculated. 

{ 4} Moistu~ S&!fl~. 

A pan was thrust into the discharge end o~ the mill 

and held. under the discharge flow from the lifters. It 

was to'Wld that this gave a very fair approxImat1on of the 

moisture content in the mill. 

The rock was taken out of the mixer in lots of approximately 33 
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pounds. Exact determinations of weight were made and the 

boxes stacked on the teed1ng floor. 

One box at a time was poured into the hopper ~d 'the 

exact time taken for the teed to pass through the hopper 

was noted. ~h1s provided the necessary int01"1'aatiOll for 

oalaulation of the feed rate. 

(e) When the reaul ts dealredhad been obtained, the plant was 

shut down. end the mill and classifier washed out. Then the 

water supply was remeaaured to see if" 1 t Varied from that at 

the 'beginning of the test. 

~ub~~uent. , 2Re~~.i.?E-!. 

~he samples that were ot importance were filtered e..nd dried. The 

overflow t mill discharge and return sand samp~es were pre­

pared for screening and then screen e.na17ses were ma.de. These 

results provided data tor calculation purposes. 
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RESULTS AND OALCULATIONS 
F tt q. , d 1 1 

Foms for ReSults. 
, •••• - E • 

Two forms were drawn up to enable the more lmportaut data. to be 

recorded and preaented concisely. The tirst ot these two 

torms is tor general data, the secon.d for calculations nee-

eBS&ry for determining relative mechanical elfio1enclea. 

Some details tollow, considering the first :form flrBt. 

Cru8h1ag Media. F. 11 I ••• 

At the beginning of the work undertaken it was considered 

that the mill would stUl contain approximately the 1200 lba. 

of balls added 111 the preYious 78ar and ma6.e up thus:-

It inch balle ••••••.••••• 616 lba. 

It inch b8118 •••••••••••• 584 Iba. 

On the conclu.sion of Test No. 6 .. when the mill was taken 

down to make adjustment. to the 11:fters, all ~b.eballs were 

remoTed, cleaned and weighed. 

The weights were $,S follows:-

l! inch balls •••••••••••• 578 lba. 

lit 1Dch balls •••••••••••• 587 lbs. 

Broken balls ••••••••••••• 10 lbs. -
1115 

Whether there was some error in the weighing in the previous 

768Z0r whether 25 poun<la ot bt\lls were used in grind1ng is not 

known. 

The broken balls were discarded and the others reehaJrged into 

the mill aDd used tor all subsequent tests. 
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!ill Pull{-

The percentage ot moisture decided upon tor the mill was provided 

bl the water in the return sands plus the water from Cock No. 

1. added direct to t.he mill. 

In the later experiment.s a cheek <m this was provided by the taldng 

of moisture samples J as described elsewhere. 

Hill • 
• 

l1) S;e!ed. The revolut1ou per minute £or the ball mill were given 

DJ' the electrical recorder. An average was taken for the 

readings d.uring 'the time that it was considered the circul t was 

in balance. The critical speed has been taken from Mr.otShaug-

ne.ay' 8 thesis. 

(2) Oversize. The oversize that would J10t pass through the 8· .. eh 

trammel on the d1echarge end of the mill was collected ~ a bucket, 

dried and weighed. 

Belt Feeder • 
• 

(1) Vernier Sett~ This WaB the setting on the adjustmen.t ot the 

friction roller arm operating the belt feeder, the adjustment 

8baDging the feed rate. 

(2) The teed rate was oa.lculated from the results obtained by the 

t1m1Dg of ore added to the teed hopper .• 

(5) The strokes per minute were given ~ one of the electrical recorders. 

After starting up the mill for anyone test. some time. represented by 

the preparatory periocl. ha4 to be allowed tor balance to be set up 

in the circuit. This point was indicated by prepara.tory samples 

an4 also in some measure b7 the gauge on the Classifier Control 
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Tank. and, once it had been attained. the sampling period 

was commenced. 

Classifier. 
r 

'fhe strokes were given by an electrical recorder. 

The return sand.s wera calculated from the results ot screen analysis. 

&8 .hown elsewhere. t.rhe water is not given &8 1t was not 

meaaured. 

The OVerflow figures are obta.ined from sampl.:e8 collected in graduates 

and ham tubs collecting the whole flow_ Details are given 

elsewhere. 

Water. 
F 

Calibration baYing been madeot all the cocks before sta.rting any 

testa, it was considered tbet the wc.ter oould be controlled 

within a few pounds. Discrepanoies in the first few tests 

caused an investigatIon which showed that the flow was less 

at the end than a.-t the beginning of a test. 

the eauae was ultimately &ttributed to entrapped air and corrected. 

However, for safety, flows wers measured before and after each 

teat, G%cept where one test followed immedia.tely atter another. 

Power. 
&1 b d 

Sight power readings w-ere taken from the voltmeter, ammeter, and 

wattmeter. and. the input horse poweroalculated. 

The motor efficiency \tas given by the 'bJ'ake tests. and the power 

delivered to the mill calculated. 

flhe power lost in various wa:ze was taken from Plate Number 5 in .Mr. 

O'ShaugAessyt e thesls,-Dead-Load. Loss YS. spee4.-tor a ball load 
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of 1165 pounds. An e8timate of this 1088 was made for tests 

with a mill speed of less than 50 R.P.M •• as the above mentioned 

curve did not go b-elow thatepeed. 

Further details 01' power calculations are given elsewhere. 

~he aeoond form gives the de~erm'natlon o-f relative m.echanical eftic-

lene,.-

Soreenanal78ea are given of the Mill Feed, the i"iill Discharge, the 

Classifier Overflow, and the Return. Sands. 

14echanica.l values are calculated for the Mill Feed and the Classifier 

OVerflow. ll:ased on Ri tt1nger' e theory. 

~e further calculations are selt-evident giving final figures for 

"-Crushing Work per Horse Power. n based on gross and net power 

to the mill. 

Determination of Brake Horse Powers aDd Calculation ot l'Iotor Et:f101enclea. 
• I I a.l" • . y • • 

A c:l:epartuN tram the method of the previous ~ was made in car171D.g 

C1\t ~h~ ~ teets. Brake tests had been run previously over 

a range of motor speeds from 650 R.P.Id. to 1550 R.P.1U and curves 

had been plo-tted. Atter the tests were run read1ngs of brake 

horse power were taken from these curves. 

It was decided that it would be more &a.t1s:taetory to do away Vii th these 

curves and to make brake tests under the exact conditions tor each 

test. These were run on the completion of the series of eighteen 

mill teste, and the prooe4ure was &s f'ollowc:-

A fI'llIDfDa17 was made ot the details trom each test necessary for making 

the brake tests, aa shown on the accompanying sheet. 

The belt between the motor and the mill was removed. Then the conditions 
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tor each test in turn were duplicated. First 'the motor 

starter Vias set on the right t~ settings, then the load 

was applied w1 th the brake until the volt ttJld ampere rea4-

lugs were those required,. the arm ot the scale being in 

balance. tIuder these condi t10ns the motor was allowed to run 

tor several hours so that it could reach an even temperature. 

Finally, readings of the wattmeter were taken and small adjustments 

made 111 the applied. load until the required 001141 t10n of Input 

KW hra. was arrived at. This having been established, the 

The tare of the brake band had beea previousl, determined. so that 

the net weight could be calcula.ted. 

A tabulation is given showing the results of the i.Jrake tests and the 

calculation of motor e:rtlc1enc1es. 

In this connection the following formula. was JDM.8 use of. based on 

the mechanics ot the brake. 

WL -
r 

Work: 2 iT NWL 

L 

where N= the Ii.P .lI. ot the motor 
L=2 

••• Brake M.P •• 0.000581 WoN. 
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The coallng water resistance horae power was obtained from Plate 

The efficiency of the motor was arrived at thus:-

Total output 
'a.&: elL"" __ • 1 ,_ x; 100. 

Measured Input 
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SUllMAB.Y OF llETAILS NECESSARY FOR 1tAKlNG 13RAI{E I£ESTJ 
I • a 

'lap 
settings 

of Ball 
'lest Motor Input Mill Motor 

No. starter Amps Volts K",'j hrs. B.P.li. R.P.lL. 
~ 

1. 0&0 15.0 220 3.48 28.00 676.5 

2. 0&0 16.0 220 3.'10 28.56 6'1S.4 

z. 0&0 14.5 220 3.35 28.42 6?4.9 

4. 0&0 14.8 220 3.41 28.41 6'14.9 

5. 0&:0 14.3 220 3.27 28.47 615.6 

6. 0&0 14.0 220 3.25 28.48 616.4 

7. 9&0 ~eat or No Value. 
-change in Vol Uge 

8. 9&0 19.0 214 4.18 39.55 932.2 

9. 9&0 19.0 214 4.16 39.08 926.8 

10. 9&0 19.0 214 4.~ 59.07 926.0 

11. 9&0 19.5 214 4.24: 59.02 925.5 

lli.. 9&0 19.25 214 4.22 59.12 927.6 

12. 0&15 15.75 214 3.01 28.45 614.5 

l~. 9&0 1.9.0 214 4.15 59.4t'1 936.9 

Pulleys cb&uged :for higher speeds 

14. 0&.-40 20.25 214 4.47 44.0'1 726.8 

15. 6&15 ~1.'15 214 4.'16 4'1.52 182.9 

16. 7&20 23.'15 214 5.21 62.00 856.4 

17. 1&20 az.25 214 6.16 51.95 855.1 
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DETERMINATION OF BR.l\KE HORSE POWERS 

~"ID CALCULATIOl-l OF liOTOR EFFICIENCIBS. 

Teet No. 1 2 4 5 6 ? 

Gross wt. Iba 25.10 26.00 24.60 24.80 24.30 24.00 

Tare lbs 11.50 11.50 11.50 11.50 11.50 1l.50 Test 

Net ~,t. (Vi) 1b8 13.60 14 .. 50 13.10 13.!iO 12.80 12.50 

Speed (N) P..PM 676. 675. 675. 676. 676. 672. of 

Brake HP HP 3.50 5.72 3.Z'1 3.42 5.30 3.20 

Wa.ter 
Resistance HP 0.02 0..02 0.02 0.02 0.02 0.02 No 

Total OutputHP 3.52 5.'14 3.59 3.46 3.32 3.22 
Measured 
Input HP 4.67 4.96 4.41 4.67 4.38 4.28 

Effy: of' 
Motor 75.3 75.4 75.8 15.7 15.8 75.2 Value 

Ten fio. 8& 15 i lO,ll&llA 12 14 1: 16&17 

Gross -wt. lba 22.75 22.'16 23.00 25.00 28.60 28.37 28.12_ 

Tare lb8 11.50 11.50 11.50 11.50 11.50 11.50 11.60 

Net wt. (wl lbs 1l.25 11.25 11.50 11.50 17.00 16.87 16.62 

Speed (5) Rm 934 927 926 675 730 776 856 

Brake lIP HP 4.00 5.91 4.Q6 2.96 4.'12 4.99 6.42 

Water 
Resinance HP 0.08 0.08 0.08 0.02 0.05 0.04 0.06 

Total. OutputHP 4.08 4.05 4.11 2.98 4.75 5.OZ 5.48 

l4easured 
Input 5.62 5.62 t;.62 4.0Z '.95 6.55 6.95 

Efty, ot 
Motor '12.6 72.1 73.1 7~.1 79.8 79.2 18.8 
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~ULTS AND CALCULATIOW COl~rINtf.tm _ ,PI 

Ch~S ~ .Resul~,! ot l'fe"s;t~ Baat::d on ~~ ~~.:een ~~." 

It the circuit is in balance, ·~he amount ot return sands will be 

equal to the amount of the mill discharge less the amount of 

classifier OTertl-ow. 

tor Qet.ermining tonnages 1n a grindine c1reu1 t. i -r the screen 

where 

Fa = (o-t) 
• • 

re - t 

~ - Amount of return sands. 

- Fa 

t - f, some one mesh product in return sands. 

Fc.- 1\mount of mill discharge. 

re - % similar mesh product in mill discharge 

c - Amount ot classifier overflow. 

c - %similar mesh product in classifier overflow. 

Fa - Amount of feed. 

This fomula Is based on theoretical caloulatlons and is absolute 

provld1ne the ctrcuit is ~ bala.noe and the screen analyses 

correct. 

It has been used as a check on the state o-r balance o£ the various 

teste, a.s shown in the calculat1ena ill the Appendix. 
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These calculations were based on the distribution ot the -200 mesh 

p~, 8.S it was considered that this would give the most 

reliable results. Figures are also given for plus 200" plus 

150 and plus 100 mesh products. 

If there 18 a CODUll.~e balance the results would cheek for aI17 given 

8<u-een size •. 00 that these figures giTe e..n indieation as to 

whether this balance had been established.. FurtheX' the)' prOT­

ide results for the amount of return sands in the -circuit. which 

amouDt was not determin.ed in 8.'lr3 other way • 

. Oome!'!;aon Q-t. Fini:hed.Product. and the !eGd.. 

Thi s table shows bow the total :t1n1sb.ed product 1 s ani v-ed at by 

adding the amounts of the mill disoharge and the sand return 

aamples to that of the cl ss sl f'i er overflow sample. 

The total arrived at in this way is compared \-v1 th the original 

teed lese the amount of oversize. It the circuit was in balance. 

these should be the S3tJ.e. 

If they were approximately the smne it was considered that a. state of 

baJ.ance had been reached, -;ne resul"s being within the limits of 

accuracy ot the equipment. 

s~~ or J:Ma1n R~aultf!0r Te~.s. 

ID this table So SWWU\ry of the mora import8Jlt results le given. trom 

which the main COllcluttiona haTS been dra.wn. 



Teat 
No. 
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TOTAL FDUSHED PRODUCT AND ITS COMPARISON 

WITH THE AroIOUlfl OF FEED TO THE .MILL 

(Results in lbS/hr.) 

Olassifier Mill Sand 
Overflow Discharge Return 

Sample Sample Sample 

Total 
Finished 
Product 

Feed 
lees 

OVersize 

_*_1 __________ .. ~ ~_. 1. - ......... ________ ~ _____ . __ ~ w • ..... _-~ 

1. Sollds 
water 

2. Solids 
Water 

3. Solids 
Water 

4. So11d. 
Water 

5. Solids 
Water 

6. Solid. 
Water 

7. Solids 
Water 

8. So11ds 
Water 

314 
1001 

294 
574 

217 
429 

199 
375 

184 
352 

Results 

152 
290 

S 
7 

4: 
7 

4 
7 

5 
6 

4 
? 

4 
? 

4 
7 

of 

1 
5 

5 
4 

3 
4 

-

-
2 

-

-
2 

No 

224 
696 

328 
1012 

501 
585 

220 
458 

195 
582 

188 
362 

156 
299 

Value 

222 
687 

308 
1026 

296 
676 

220 
440 

196 
S'l2 

196 
372 

155 
299 
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TOTAL FINISHED .PRODUCT AND ITS CO~'Li: AR IS ON WITH 'i.1Hh AMOUNT OF FEBD 

Test 
!lo. 

TO THE 1!tLL •••••••••••••• aC01f21~U~!D 

Classifier Mill Sand 
OYertlow Discharge,Return 
. ~~~ Semple Sample 

Total 
Finished 
Product 

Feed 
less 

OVersize 

-------.------------------._,-.----~.----------------------.~~~ 

9. Solids 
Water 

10. So11ds 
Water 

ll~ Solids 
Water 

lU. Solids 
Water 

12. Solids 
Water 

15. SoUda 
Water 

14. Solids 
Water 

15·. Solids 
Water 

16. Solids 
Water 

17. Solid. 
Water 

164 
532 

l58 
308 

151 
311 

102 
219 

155 
306 

151 
302 

150 
508 

128 
277 

4 
8 

4, 
'1 

4 
'I 

3 
5 

4 
'1 

4 
'1 

4-
7 

4 
'I 

2 
5 

-
5 

-

-
2 

-
2 

-
2 

-
1 

-
2 

-
2 

-

-
2 

168 
343 

177 
364 

162 
317 

156 
320 

105 
226 

512 

159 
315 

16fj 
511 

154 
318 

150 
282 

166 
343 

1'14 
361 

161 
317 

151 
317 

104 
220 

l55 
516 

158 
316 

166 
313 

15'1 
517 

l29 
287 



% 
Test Mill Oritical 

No. R.P.M. Speed 
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SUJEl:lARY OF MAIN RESULTS OF frJ.:STS 
lA i 

Feed 

Iba/hr. 

Classifier Overflow 

Iba/hr. -200 % 

CmablD€> Work per R.P. 

To",&l-- Power Cl'Ushing 
to Mill Power only 

__________________________________________ ~-----------------___ I_.----_--_I&-.. 

1. 28.5 5O.Z 221 224 66.1 748 918 

2. 28.4 50.2 308 323 68.6 886 1060 

3. 28.4 50.2 295 501 53.5 861 1066 

4. 28.4 50.2 220 220 64.0 726 894 

5. 28.5 5O.Z 196 19Z 64.7 679 844 

6. 28.5 50.3 195 188 69.7 734 916 

7. Results of Value 

8. 39.~ 69.3 153 156 80.7 622 688 

9. 59.1 68.9 166 168 77.0 548 723 

10. 39.1 68.9 174 177 71.8 563 736 

11. 39.0 68..7 161 162 80.7 536 698 

.lU. 59.1 68.9 151 150 85.5 509 666 

12. 28.5 50.3 104 106 85.5 505 G45 

lS. 39.5 69.6 153 150 82.0 531 702 

14 .. 44.1 '17.8 158 159 82.4 465 604 

15. 47.6 83.8 156 155 84.3 443 579 

16. 52.0 91.8 157 164 83.1 406 524 

17. 51.9 91.7 129 130 87.1 352 456 



50. 

DISCUSSION OF RESULTS 
• F d _. 

In perfoJDing these tests with a. Marcy Ball Mill fitted. with a quick­

discharge grate it was considered that the most suitable mill 

had been cho sell for the investigation to be undertaken. The 

results obtained. however show that difficulty wasenoountered 

in getting &l17 C!'_paclt7 from the mill. 

At a speed of ~ B..F.!!. the capac1t7 is approximately 160 pounds per 

hour, which 18 much lower than W&a -expected. In tact. in all 

the te£Jts~ it was shown that the mill could De very ea8ily 

overloaded. 

In this connect1on, it ls suggested that, at some future period in 

this investigation, the mill should be cba1l8ed to an open end 

one, Et. feature possible with the mill in use. and a comparison 

in capacity made. 

The main problem for investigation was the effect on the efficiency 

of grinding of variations 1n the speed of rotation of the mill. 

Seventeen tests have been run on this ba.sis. 

A consideration of the result-s, sum.raarised in the 'ta.bles under the 

following hGadings:-

(1) :.1:otal F1ni shed Product and it f' Comparison with the Amount 

of Feed to the 1:7:1 11. 

(2) Summary of ifa1n Results of lfests. 

has led to the following main conolusionsl-

(a) Test Nos. 1 to 6 were more or less prepa.ratory tests which led to 

the development of the Classifier OVerflGW Control Tank and the 

Ore Mixer. !rhee6 addi tions to the plant caused the subsequent 
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tests to be very sat1stactor7_ 

It might appear front the results for the f'lrtrt six tests that a 

. eatlsfacto!7' balance bad been reached. It was apparentl,. 

so in ~est8 Nos. 1 and 4, but the disch&rge rate from the 

mill in all these tests wa.s so uneven that no great f&1 ih 

can be placed in the retrul ts. 

(b) Investigations h&ve be~n made oyer a range of speeds, :from 

~ to ~ of crltlc~l speed. 

(c) 'Pllere was considerable variation ill the teed rates in the 

early tests; but 8SY&ral of the later tests were run at 

approx1mate1l the 8tu" feed rate. 

(4) The amount of -200 mesh product at the lOIr16st speeds was 

very ~11_ inereaaing fairly stead11; as the speed waS 

1ncrea..sed. 1lh1s 1a important in a consideration of the 

Relative nechanical Efflc1enc1es. 

(e) Cru,oh.i!;a Wo ne p,er .!i-!. 

This result formo the crux of the present investigation. 

Oonsidering the crushing work done per usefUl horse power, 

it would appear that the lowest speed of all gave the most 

efficient crushing. This 1s very much open to doubt. Even 

it 1t 18 correct# the low amount of-200 mesh product at this 

low speed does not make it a desirable speed a.t which to 

operate. 

Oonsidering the more reliable tests it appears that the speed of 

39 R.P.M. 1s the most rel1able one. At that speed approx­

imately ~ of the finished product is -200 and the crushing 

work per R.P. is about 700 surface units. This conflxma 

the opinion of the manufacturers ot the mill t who claim that 

40 R.P.lI. 18 the best operat1ag speed. 
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Variations in the feed rate make comparison difficult # the high 

feed rates in the early tests accounting to a great extent for 

the large amounts of crushing work done per H.P. This is 

further illustrated b7 the correspondingly low figures in Test 

12. 

However, it 1s Yery evident that an increase in the speed of' rota.tion 

of the mill causes a decrease in the relative mechanical efficiency. 

In order to appreciate this point more fully the results of Tests 6. 

9, 11 t ILl. 15, 14, 15 and 16 should be considered, these all 

being at approx1ma.tely the same teed rate. 

Mill CruBhing work 
Test No. R.P.M. per useful R.P. 

8. 9, 11, 11A, &: 13 39 695 (a1') 

14, 44 604 

15, 47.5 679 

16, 52 524 

This clearl7 substantiates the conolusion dra.wn above. 

It was intended. to continue these tests aboye the critioal speed, 

in order to investigate the theory propounded 'b7 Fahrenwald 

that a ball mill is more efficient at speeds above the crit-

loal speed, a second peak of ef:f'lciency being reached at about 

l~ critical speed. 

l1nforiunately this was not possible. However. 1 t is considered that 

'this part of the inYestigation.. being carried out at McG1l1 

University 18 incomplete until some teste are run at these 

higher speeds. 

SUGGESTIONS FOR FURTHER WORK 

Oonsiderable progress has been made ~ the investigation of fine grind­

ing. 
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Interesting results have been obtained in the work covered by this 

paper. 

However. the writer considers that the investigation of the effect 

of changes in the mill speed as a variable in grinding has not 

been completed. 

It is suggested that some further tests be run at the low speed of 

28.5 R.P.M., as none have yet been oarried out since the 

classifier oyerflow tank has been added to the plant. 

Further it will be necessary to make some study of conditions at 

mill speeds above the critical speed, as suggested a.bove. 

SUMMAllY 

A study has been made of the effect of a variation in mill speed- on 

crushinge~flc1ency. 

In the course of thl s investigation many improvements have been made 

1n the plant and equipment. 

The maximum efficiency for the mill was found to occur at a speed of 

rotation of about 39 R.P.M. 

The range of speeds. for the most reliable teats, varied from 39 to 

52 R.P.ll., with relative mechanical eft1clencies of about 700 

to 456 surfaoe units respectively. 

It has been clearly shown that an increa.se in the speed of rotation 

causes a decrease in the relative mechanical efficiency of the 

mill. 

It Is considered that thi s iBvestigat ion is not complete and some 

suggestions for its continuance haTe been put forward. 
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RESULTS 



Mill Test Noo 1 - . -- Da te Dee. 22nd , 1 9 34 P a g e 
~---

CRUSH I .LJG :MEDIA" ~1ILL o . --
5S7 Lbs o ~t Inch Pulp P e rcent Water" 
678 Lb s o I nch Pe rc en t S olid s o 

Lb s .. I nc h 
Lbs o Inch 

S p e e d_ - - - - - - - - 28 . 5 R 0 ? " ~" _ . 

Tot a l 1165 Lb s " 
Critic a l Spee d 60. 7 R . P . Lt" 
Pe r c ent 0 f Cr i t " Spe e d 50 0 ti1~ 

"'11 "11 V 1 M1 0 u me ---- - - 10 CU o F t " Overs iz e 1 
+ 

Occupy 4..Q Per c ent _,_ill Vo l .. ~7at e r - -- 2 

CLASSI F I ER .. 
BELT FEDDER .. 

S l ope --- - - -­
Stroke s - - -"- 26 
Re tu r n Sand_ - 52 

I n che s p er Fo ot" 
Pe r Mi nute " Ve r n i e r Se t t i ng - - "- - - - - - 4 

Feed- Dr y P ouno_s pe r Hr o - 222 Dr y Los . pe r Hr o 
S t r 0 ke s pe r P-l i nu t e - - - - - - 41 . 0 
Pound s p er Stroke -- - - - - - 0 . 090 

+ 
Ha t er --- - - - Lb s . per Ho ur" 

,- ----"--. "----~---"---i 
Overflow 

S olid s --- 224 
VIa t er - - - - 696 

Dry Lbs o pe r Hr .. 
Pounds per Ho ur 0 

TI ll/rE " 

5. 0 Hour s .. 
3. 0 Hour s " 
2 . 0 Hour s o 

Li qu id - Solid Rat io 3 .11 : 1 

INo ol Cock 
Di a l 

No ,,2 Cock 
Di a l 

No,, 3 Coc k 
D · 1 1a _ 

( Feed 17ater ) 
Se tti ng ------ - 3 . 15 
( Toe l~ ss i f i e r) 
Set t i ng - - - - - - - 2 . 20 
( t 0 1\ ill D is ch 0 ) 

Sett i ng - -- - --- - 5.60 

Dur at i on of Te 8 t 
Pre pa r at 0 Pe ri od 
Sampli ng P eri od 

lATER 

At S tart " At End .. 
8S L bs " :pe r Hr o l: ot -----

L os " ne r Hr " 

L bs " De r Hr " 66 L b S o D er Hr " . e 

L bs " :per Hr" 535 L b s .. pe ~ ~ I' 0 ur ed. 

Tot a l ne r Br o 689 Tota l per Br o 

220 Volts.. 15. 0 Amps " I:Vattmeter 3 .48 I("JH per Hr .. - ------ ----- -

Ll ot o r Eff i ci enc y 75 . 5 Per cent o 

Po we r Delivered t o dill -- - -------- -- --- -- - -- 3 . 61 R. P .. 
Powe r lo s t i n '\:~ill Beari ngs , Drive Gear , Etco 0.65 H .. I? Est 
Po\t7e r a b sorbed i n Crushi ng -- - - - --- - ---- ------ 2 . 86 H. P . 

'--



Mill Test Noo 2 Date • 22nd, 19 55 P age 
-~----

CRUSHI.LG }'IEDI A 0 LILLc 
-, 

--.-
a7 Lb s o 

I 

~; Inch 
·578 Lbso 14 Inch 

Lbs o Inch 
Lbs o Inch 

Total 1165 Lbs 0 

~,\ .. lf l· 11 Vo 1 e ~1. u m - -- - --

Pulp P e rc ent }Tatero 
Pe rc en t So lid s o 

-~ 

S pe e CL - - - - - - - - 2Eh 55 R 0 "? 0 . ' _ • 

Cri tic a l S 1> e e d 56. 7 R • ? • 1\ J. 0 

P e rc ent 0 f Cri t o Spe e d 50.1) 

Overs iz e 7 
+ 

~7a t e r- --

Dry Lbs oper Hr o 

I 

I 
I 
I 
I 
I 
I 
I 

I 
~ -------------------------------4--------~--------.----------------- , 

CLASSIF I ZR o 'I' 

BELT FEEDER .. 

S lo pe ----- -- Inche s p er Foot 0 

Pe r I~~ inute o V . r< t..L. · e rnler 0 e Gl ng --------S t r 0 ke s - - - - 26 
Return Sancl- 220 Dry Lb s . pe r Hro Feed- Dry Pounds per Hr .­

Strokes per ~inute -----­
Pounds per Stro..:(e -------

a 
15 

+ 
Hater ------ L b s 0 pe r Ho ur 0 

41.3 
0 .12'1 

OverfloVl 
S ol id s - - - 323 
Wa ter -- --1012 

Dry L b s 0 pe r Hr 0 

Pounds per nO ur 0 

Li qu id-Solid Ratio .15 1 

TI TTF' _L.w 0 

Durat i on of Tes t 7. 0 Hours 0 

Pre :Da ra t o Pe ri 0 d 4 . 0 HO"LIT S 0 

.::>ampl ing P e ri od .0 Bour S o 

( Feed '7ater ) At Start 0 At End 0 

Se t t i ng: - - - - - - - 3. Lbs 0 ne r Hro 130 
--~-:Ibs o pe r Hro i t 

"(T O 2 !..~ 0 

Cock 
Dial 
Cock 
Dia l 
Cock 
Di a l 

( To C l;i s s i f i e r) 
Set t ing - - - - - - - 4. 5 

No o 3 

220 

( to 1\ ill D i s ch 0 ) 

Set tin g - - - - -- - - 6.0 

Vo 1 ts 0 16.0 Amps 0 

Lbs o De r Hr- o 458 

Lb s o p e r TT 
.~ r o 

Lbs . Del' Hr . ~~ 

L b s 0 pe:-' Br 0 d . 

. Tot a l pe r ~-fr ol030 Total per Br o 

-----------------+ 

PO '.TER o 

Input t o ""dotor 4.9 lIT" oto r Eff i ci enc y 76.4 Pe r e en t o 

Po wer Delive r ed to Hill --------------------- 3. 74 H. P o 
Power lo s t in \1ill Bearings , Driv e Gear , Etco 0. 6 }-L?Eat: 
POYle r abso r bed in Crushing ---- - -------- - ---- 3. 09· HoF o 

I 



, i l l Te st {o o Date Page 
~----

CRUSHIl G -iEDIA 0 

587 
57 

Lbs o 
Lbs o 
Lbs " 
Lbs o 

Inch 
Inch 
Inch 
Iuc 

Tot al 11 5 L b s 0 - - - - - - - -

:Mill V 0 1 u -n e - - - - - - 1 

Occupy Percent 

CLASSIFIZRo 

CUo 

__ ~_ ill 

Ft " 

Vol o 

Slope --- - - --
S tro~(e s - -- - 259 
Return Sand - 127 

Inche s p er Foot 0 

Pe r IIJ i nut e 0 

Dry Lb s . pe r Hr o 

Pulp Perc ent Nater . 
Percent Solids. 

Spee cl - - ---- - - 2 4 Ro ?o~_ . 
Cri tic al Speed 66: 7 !? ? Ii 0 

Percent 0 f Cri t. Speed 51\. v . 

Overs ize 50 Drv c; 
Lbsoper Hr .. 

+ 
~7a t e r- -- 15 Lbs .per Hr .. 

BEL 

8 
25 

+ 
Hater --- - -- L b s . pe r 0 ur 0 

Ve rnier Set t ing ---- -- - ­
Feed- DI" Pounds pe r Hr .­
Strokes per ~inute ---- - ­
Pound s per S t r 0 lee - - - - - - -

41 .0 J 
0. 13,1 

, , 

Overflol 
Sol id s - - - 501 Dry L b s 0 pe r r 0 

Wa ter -- - - _ 685 Pounds per Hour 0 

Liquid - Solid Ratio : 1 
Dur at ion of _ est 
Pre pa r at 0 Peri od 
Sam- 1 ing P e ri od 

6 
3 
5 

Hours 0 

HO"ITs . 
Roo..r s .. 

INool Cock ( Feed -fat e r ) At start . l!: t: At ~nd . 

I ~,o . 2 

I IJo '7.. ...... 0 r,J 

220 

Input 

Dial Set tinfY:- - - --- - 3. 9 Lb s 0 De r Hr o 
167 

1. bs 0 per Hr o 
140 -' 

Cock (To Clas s i f i e r) 
Dial r< t:+" Lb s o ner Hr o Lbs o Der Hr" o e v LJ ll1g - - - - - - -

Cock (to r --- -k ill .v is ch 0 

Dial S e tt ing--- - -- - 5. 2 Lb s o per .Hro Lbs 0 pe :: ~r o 

Tot a l Der -q-_.r o 637 Tota l per ~r o 28 

PO '·-roR •• ~ 0 

Voltso 14. 5 Amps 0 :., a t t met er 3 . 35 _K~y, __ ---"p,--e_r_H_r 0 

to ""t otor 4 . 46 
~ "0 
Il . -L o liloto r Eff i ci ency 75 . 8 

Po ver Delivered t o Mill -- - -------- -- --- -- - - ­
PO 'Ier lo s t in ~( ill Bearings , Drive Gear , Etco 
PO-~le r absorbed in Crush ing ---- - --- - ---- - ----

Percen 0 

3. 38 H P ...L. ' • _ 0 

H --., 
0 . 65 _ 6'-:' . , 
2 . 7 HoP. 

I 

, 
,: 

~ I 

I 



~f[ill Te st No ~ 4: 

CRUSHI NG MEDI A 0 

6 7 
678 

I nch 
Inch 
Inch 
Inch 

-------------~------

Total 11$5 Lbs 0 

Mill Volume ------ CUo Ft o 

1)a te J 

Pulp 

19 M Page 
~---

f,1ILL. 

P e rc ent Watero 
Percent Solids . 

--~----------------------

Speed --------- 28. R o ? o!,L 
Cri t i c al S p e e d 56.? R . P . Ij 0 

Percent 0 f Cri t . Speed 60. 

Overs ize 4 Dry Lbs oper Hr . 
+ 

Occupy Per c en t ll,:_ i 11 V 0 1 0 {'/ ate r -- - - 4 

CLASSI F IER. 

Slope ------- Inche s per Foot. 
Stroke s - - - - 26_0 Per :rv i nut e o 
Return Sand - Dry Lb s . pe r Hr . 

+ 
Hater ------

OverfloVl 
Solids--- 220 
Wa ter ---- 438 

Lbs. per Hour . 

Dry Lbs. per Hr . 
Pounds per Hour 0 

Liquid-Solid Ratio 1. : 1 

BELT FEEDER . 

Ve r n i e r Set t ing - - - - - - - - 4: 
Feed- Dry Pouncls per Hr . - 224 
S tr 0 ke s per I!l i nut e - - - - _. - • 7Q 
Pound s per S trol{e - - - - - - - 0.0917 

---------~--------i 

TI~\1E . 

Dur at ion of T e 8 t 
Pre:Da ra t . Peri od 
Sampl ing P eri od 

6 . 0 Hours . 
4 . 0 Hour s . 
2 0 Hours 0 

dATER 

No .l 

l\TO 2 
1'~ 0 

i\Jo. Z 

Cock 
Dial 
Cock 
Dial 
Cock 
Dial 

( Fee d 17a t e r ) 
Se tti ng- - _ _ __ _ 3.-55 
( To C la s s if i er) 
Set t ing - - - - - - - -­
( t 0 J. ill D is ch. ) 
Set ting-- _ 0 _ ___ • 4 . 5 

220 Vo 1 ts. 14.8 Amps 0 

--
At Start . 
Lo s . TIer 

Lb s . per 

Lbs. per 

Total per 

At t:fnd =- . 
105 ----

Hr. Lbs . :per Hr . 

_ ...... -
Lbs o Hr o Der Hr . 

H .!. r . 359 Lb s. l')e r- :Yr . 

~-rr o444 Total per Hr . 

Input to Mo tor .67 _i1oto r Effi ci enc y 75. 7 Pe rcen t . 

Po we r Delivered t o ,fill _____________________ 3 . 6 
Power lo s t in ll.~ill Bearings , Drive Gear , Etco O. 5 
POVJer absorbed in Crllshing - ___ ______________ 2.01 

----,--

) 



I 587 
78 

J[ill Te st No 0 t3 

____ ~_,1~IA 0 

Lb s o 
Lbso 
Lbs o 
Lbs o Inch 

----------,----
Total 1 5 

~ill Volume- --- - -

Pulp 

Page 

LILLo 

P e rcent Hatero 
Percent Solids o 

--------------------------
Speed - - ------ 211 . 6 R. ? o : ~ . 
Critical Speed 56.7 R . P . _ ~ o 
Percent 0 f- Cri t o Spe e d !5 • 

1) r y L 1J S ap e r Hr 0 

" , " 

I 

I 
1 

I 
I 

Occupy Perc ent ~ill Vol a 

=-------------
CLASSI F I ER 0 

- Oversize 
+ 

~7a ter- -- --- - Lbs oper H_r_o __ 1 

BELT FEEDER o 

Slope ------­
S t r 0 ke s - - - -
Returh Sand -

Inche s p er Foot 0 

6 Pe r IV in u t e 0 

1 Dry Lb s . pe r Hr o 
Ve r n i e r Set t ing - - - - - - - - 5 
Feed- Dry P ounds pe r Hr .- 197 

+ S tr oke s per r:J. i nut e - - - - - - 40.60 
Hater ------

OverfloVl 
Solids --­
Water ----

L bs . pe r Hour 0 I_P_O_Ul_nd_S_p_e_r Strolze ------- 0 . 0 09 

]) r y L b s o pe r Hr 0 I 
582 Pounds per Ho ur 0 

Li qu id-Solid Ratio 1 . : 1 

TI T-If.., 
l\]..e; 0 

Durati on of Tes t 
Pre pa rat 0 Peri od 
Sampl ing P e ri od 

lA TER ---

. 0 Hours 0 

3. Hour s o 
. 0 HOllrs o 

INool Cock ( Feed 'Vat e r ) At Start 0 At ~nd • 

t NOo2 
Dial Set t i 11g - - - - - - - 3. 1 Lo s o Der Bro o Lbso per Hro 6 

'-' 

Cock ( To Clas sif i er ) 
Dial Setting ------- -- Lb s o Der lir o - Lbs 0 ner Br o 

No o3 Cock (to J. ill J) is ch 0 ) 

Dia l S e tting--- - --- .4 Lb s o per Hro 295 Lbs 0 pe :' U-y> ~, ~ 
_ I J... 0 "," 

Tot a l per T-i __ r 0 13 Total per Br a:;' 2 

PO ;{ERo 

220 Vo 1 ts 0 il4.5 Amps 0 Wattmeter r.. .2'1 K:IH per Hr a 

Input to Motor 4. U t:) 
11 0 -1- 0 lv'I OtO r Ef.L'i ci enc y 76. 

Po we r Delivered to Mi ll --------------------­
Power 10 st i n \,~i ll Bearings , Dri v e Gear , J::!Jtc 0 

Po~er absorbed in Cl~lshing ------------------

Percent o 



:Mi l l Te st No 0 6 - D a_t_e_ :h _~_2_1_st ..... ,,---_1_934__ P ag~e ___ _ 

587 
578 

Lbs o 
Lbs o 
L"bs 0 

Lbs a 

Inch 
Inch 
I nch 
Inch 

---,- --- -- - -
Tot a l 1165 L bs 0 

7,r. • 11 iT 1 L-il v O u11e- - - - ~ -

. Occupy 40 Perc ent ~ __ ill Vol a 

CLASSI F I ER 0 

S lo pe --- - - -- Inches per ~ooto 
S t r 0 ~{e s - - _ .2 . 25 Pe r 1 i nut e Q 

Re tur h Sand - 18 Dry Lb s . pe r Hr 0 

+ 
Hater -- ---- L b s . pe r Ho UT a 

Ove.rflo! 
S o l id s - - - 188 ]) r y L b s a pe r Hr 0 

VIa ter -- -- 362 Pounds per Hour a 

Li uid - Solid Ratio 1 . 3 : 1 

Pulp 

L ILLo 

P e rcent Water 0 

Percent So lid s o 

S pe e et - - - - - - - - 28 . 5 R 0 ~ 0 ~ ~ • 

Critic a l Speed66. 7 R . ? . 11 

P e rc ent 0 f- Cri t o Spe e d 50. 5 

~-------

Oversize 1 J)rv 
'" 

Ll)s 0 per Hr . 
+ 

~7a ter- -- 3 Lbsoper Hr . 

BELl- FEEDER o 

I Ve r n i e r Setting --- -- - --5 
Feed- Dry Pounds pe r Hr o-196 
S tr oke s pe r l:li nut e - - - - ~ _40. 45 
Pound s per S trol{e - - - - - - _0.0807 

Dur at io n of Te s t 5 
Preparat o Pe ri od 2 
oampling P e ri od ~ 

Hours . 
H01..IT S O 

H01JT S o 

'Nool Cock ( Feed ~Tat er ) At start Q At End 0 

2. - 82 -----
Dial Setting --- - -- - Los 0 De r Rr o Lb s o p e r Hro 

:'TO 2 ...l.. t 0 Cock ( To Class i f i e r) 
Dial r< t+· o e LJ In[; - - - - - - - - Lbs o per 1, r 0 - Lbs 0 TIer Hr . 

No o3 Cock ( to 1\ ill Dis ch 0 ) 
Di a l S e t ting- - - ._- -- 4 . 4 Lb so per lira 293 Lbs o pe :-' Hr . 

Tot a 1 ne r ~f I' 0 5'16 Tot a 1 TJ'P. 1" TTr 
-1: - -'- ~ 0 

PO '}ERo 

220 Vo 1 ts a 14. 0 Amps 0 

Input to Motor 4 •35 Perc ent a 

Po wer Delivered to _i1ill -- - ----- -- - -- --- -- - -- 3. 2 R. Po 
Power lo st in l\:~ill BeaT'ings , Drive Gear , Etco 0. 65 I-LI? E 
PO-~ler absorbed i n Cll.,ls hing - - - - - - --- -- - - - ---- 2. 61 1LP o 

: I 

------ ---------

.' . 



7 :Mill Te st No 0 

587 
57 Lb s o 

Lb s o 
Lbs .. 
Lbs o 

Inch 
Inch 
Inch 
I nch 

-----.-.,--~-.-~-.----

Total 1165 Lb s 0 

Mill Volume ------ 10 CUo Ft .. 

·0 c c u p Y 40 Per c en t 1:1 i 11 V 0 1 0 

TIate to!l loth, 19 M l'ag",-e __ _ 

Pulp 

MILL. 

Pe rcent Water 0 

Perc ent Solidso 

Speed. -------- H. "? oA. 
Cri tic a l Speed R. P " 1110 
Perc ent 0 f Cri t o Spe e d 

-----_._-
Oversiz e 

+ 
Water- --

Dry Lbs <per Hro 

Lbs oper Hr o 
.....------ _._----- ----+----

CLASSIFIER 0 

BELT FEEDER o 

Slope ------­
S t r o:Ke s - - - -
Re turn Sand-

Inche s p er Foot 0 

Per Minute .. 
Dry Lo s . pe r Hr o 

Vernie r Se t t ing -------­
Feed- Dry P ounds pe r Hr o­
Strokes pe r f!jinute ----~­

Pounds per Stroke -------
+ 

Hater ------ L b s . pe r Ho ur 0 

---~----.. -~---
Ov erflow 

S olids--­
Water ----

J) I' Y L b S 0 pe r Hr 0 

Pounds per Ho ur .. 

Li qu id-Solid Ratio : 1 
TIur at ion of T est 
Pre pa r at 0 Peri od 
Samp ling P eri od 

Hour s 0 

HO'LIT S o 
Hour S o 

INo ol Cock 
TIial 

No o2 Cock 
])ial 

No o3 Coc k 
])ial 

( Fee d. ',iT ate r ) A t star t .. 1 
3 4 --- 42 Se t t i ng - - - - - - - • Lo s o-ne r Hr 0 

( To C l a s s if i e r) 
Setting ------- ---. Lb s o per Hr o --
(, to. I~.[ i 11 D is ch 0 )4 . 2 ~')67 
S t L b TT ~ . e ·tlng--- - --- So per ilro __ _ 

A tEnd 0 lrz.~ 
---- Hr o""" Lbs o per 

Lbs . DeI' Hro­

L bs 0 1)8 ~ ~r 0

263 
~--

Tot a l pe r !{r o 409 Total per Hro 398 
__ • _ ______ r 

PO ',7VR • .:..L.J 0 

Voltso Amps_ 0 Wattmeter K,'IH per Hr 0 - -- ---.. _---
Input to Mot or illot o r Eff i ci ency 

Po we r Del i If ere d t o 11 i 11 - - - - - - - - - - - - - - - - - - - - -
Power lo st in ll.'.i ll Be al'"' i ngs , Drive Gear , Etco 
PO'cier absorbed in Crushing ---- - ---------~----

Percent o 

H. Po 
TT T) 
11 & 1: • 



1 ·087 ------~--

57 

Total 1165 

Lb s o 

J...Jbs 0 

Lbs o 

Lbs . 

I nch 
7.: I Dch 

Inch 
I nch 

rill Vo l ume ---- - - 10 CUo Ft 0 

Occupy -p + 11 • 1 ~ IT ., _ er c en v 1. __ 1 .1 v 0 .1.. 0 

1)a t e ~) 11 17th, 1 g ' P age 
~----

Pu lp 

f I LL . 

P e rc ent Water 0 

Perc ent Solids o 

S pe e d - - - - - - - - ~9. 33 R 0 "? ~.~ . 
Cr i tic a l Speed 00.7 R. P . Ir o 

Pe r c en t 0 f Cri t 0 S pe e d ~ . i~ 

Overs i ze 2 Dry Lbs oper Hr . 
+ 

{'J at e r -- - - 1 

-------~-----------+---

CLASSIFIER . 
BELT FEEDER 0 

Slope ------ - Inche s TIer Footo 
Vernier Setting -------- 1.5 
Feed- Dry P ounds pe r Br .- 166 
Strokes per f!linute ------ 39. 60 
Pound s per S trol(e - - - - - - - O. VU1V':f 

S t r 0 l<:e s - - - - .1 Pe r "\ i nut (; . 
Retu r n Sand - 2l Dry Los . per Hr . 

+ 
Hater ----- - L b s 0 pe r Ho ur 0 

Ove r flof ------------"---------------------------, 
So l i d s - - - 156 
Water ---- 2 9 

Dry L b s • pe r Hr 0 
~ -

m I 'f. 1\"0";1 1 11,Ll:J 0 

Pounds per Ho ur • 
6 . 0Hours 0 

~ . 5Hour s o 
3. 6 HOU1'> s o 

Li u i d - S olid Ratio 1. 2 : 1 

-No ol Cock 
Dial 

II'IO . 2 

I TO rz. .... J 0 u 

Co ck 
Dia l 
Cock 
Dial 

( Fee dilat er ) 
Setting------- . 0 
( To C la: ss if i er ) 
Setting -------
( t 0 1\ ill D is ch 0 ) 

S et ting--- - ~- - . 9 

Dur at ion of Te s t 
Pre pa ra t o Peri od 
Sampl i ng Peri od 

At Start . At End 0 

---~-

L -bs 0 De r Hrc 1 c Lbs o per Hr. 9 

Lbs . per Hr . - Lbs o ner Hr . -

Lbso per Br. 5 L b s o pe:, ~r . :X> ---
Tot al pe r If r 0 S Total l)er .r: 

I---------------·-~-

Po '~mR 1: •• .1.1 0 

1 Vo lts 0 19. Amps 0 

Input t o Motor 6 . 60 Ho:2 o 

Wattmeter . 18rc :1R :p~_~ H:~> 

lvl ot or Efficiency '12. 6 Percent . 

P o we r De l i If ere d to .i.:f i 11 - - - - - - - -- - - - - - - - - - - - - -
Power l ost in ~ i ll Beari ngs , Drive Gear , Etc. 
PO'~ler absorbed in CIl.J .. shing ---- - --- - ---- - ----

., . 06 H. Po 
o 8IL:? 
3.0e F D 1.1 • .L 0 



Kill Test No o 9 J) a te £I-Al ,ril 18th. 19.;,.... Pag~e ___ _ 

CRUSHI NG ,tKDI A 0 MIL1. 

58? Lb s 0 

678 Lb s 0 

Lbs o 

Lb s o 

It Inch 
l! I nch 

. I nch 

Pulp P e rc ent Water 0 

Percent SOlidS 'j 

I ncn 

Total n £) 1b s o 

~I',.,r.ll· 11 Vo lU'ne _ 11 ------ 10 CUo Ft 0 

Oc c u:py Percent Jill Vol a 

Speed -------- 39.1 R o ~ o :, _ . 
Critic a l Speed 56.7 R. ? fr o 

Pe r c en t 0 f Cri t 0 S pe e d 6 • ~ 

-------------------

Oversiz e 3 Dry 1bs oper Hr o 
+ 

?7 ate r .- - - 2 L b s op er Hr 0 

-----,~-------+-------

CLASSIFIER. 

Slope ------- Inches :per Footo 
Stroxes - - -- 26.0 Pe r Minute o 
Retu r n Sand - Dry L'b s . per Hr o 

+ 
Hater ----- - L b s . pe r Ho ur 0 

Overflol 
Solids --- 168 Dry Lbs o per Hr o 
V/a ter -- - - ~43 Pounds per Ho ur 0 

Li quid - Solid Ratio 2 ... 04 : 1 

BSLT FELDER o 

Verni e r Setting -------- 1.8 
Feed- Dry Pounds pe r Hr o- 169 
S tr oke s per ~inut e -- - - _. -39.84 
Pound. s per S tro }~e - - - - - - - 0 . 0719 

TI ME 0 

Durati on of Te s t 5. 0 Hours 0 

Prepa r at o Period ~.5 Ho'LU's . 
Sampl i ng Peri od 1.6 Hour S o 

No.l Cock ( Feed 17at er ) At Start 0 At End 0 ,--- ---"-TIial Settin.cr ------ -....., 5. 2 1'b s o TIer Hr. 123 1 bs . per Hr. 119 
LJo.2 Cock ( To C la s s i f i er ) 

Dia l Setting ------- --- Lbs o per Hr . - Lb s o TIer Hr . --
No o3 Cock (to J.Lill JJ is ch 0 ) 

Dial Set tin g - - - '- - - - 4. Q Lb so pP-V> ,-,.l. Hr. 225 1bso pe :-- 1.1r . 226 

Total per ~-ir • 346 Total l)er Hr o 345 

PO '~r.:T'R ' • ..L.J.i. 0 

2 4 Vo 1 ts 0 1.0 Amps 0 

Input to Motor 5.57 _i1ot o r Eff i ci enc y 72.1 Percen • 

Power TIelivered to L1i ll ----------------------- 4.02 
Power lo st in I(i ll Beari ngs , Driv e Gear , ~tco 0.97 
PO·7er absorbed in Crushing ----- - --- - ---- - ---- 3.05 

H. Po 
'TT J 
D n "':: . 

HoP . 

l 

I 
I 
I 
I 
I 

I 



~ill Te st p o 0 10 

587 Lbs 0 

8 J~ bs 0 

Loso 
Lbs . 

Inch 
Inch 
Inch 
Inch 

- -----,----

Tot a l 16 L b S 0 

11 ill V 01 u 'n e - - - - - - 1 CU. Ft . 

Occupy 40 Perc ent ~:_ill Vol . 

CLASSI FIER 0 

Slope ----- -- Inches per Footo 
3 t r 0 ~(e s - - - - 25. 9 Pe r 1 i nut e Q 

Return Sand- 35 Dry Lbs . per Hr . 
+ 

Hater ----- -

Overflow 
Solids ---177 
Wa t e r - - - - 364 

L b s 0 pe r Ho ur 0 

]) r y L b S 0 pe r Hr 0 

Pounds per Ho ur 0 

Li uid - Solid Ratio 2.06 : 1 

Q.a te .April n.!rd, 1 9 54.Pag~e ___ _ 

HILLo 

Pulp P e rcent Water 0 

Percent Solidso 

Speed. - - ------ .l. Ro "? ~. ~ . 
Critical Speed 66.7 R . P . I1o 
Percent 0 f Cri to Speed SJ. ~ 

Overs iz e 5 Dry Lbsoper Hr . 
+ 

17at e r- -- 2 

BELT FEEDER . 

I Vernier Settinc ------ - ­
Feed- Dry Pounds pe r Br .­
S tr oke s p e r r:li nut e - - - - -­
Po urn s :p er S t r 0 lee - - - - - - -

1.4 
1~77 

9.75 
0.061 

------.~--

Durati on of Te s t 4.5 Hours . 
Pre]Ja rat . Period 2.0 Ho1..U's . I 
Sampling P e riod 2. H01J _rso 

-~~.--------I 

NO ol Cock ( Feed '.Tat e r ) At start 0 At , nd . 
Set t i n2: - - - - - - -

- 122 ---- 121 Dial 5.2 Los o TIe r Hr. Lbs o per Hro 
'-' 

"T 2 l~ 0 • Cock ( To C la s s if i er) 
Dial Setting ------- -- Lb s o ner Hr o - Lbs o ner Fr o --.... 

NOo 3 Cock (to l\lfill Dis ch 0 ) 
Dial S ...... . 4. Lb s o Hro 240 Lbs 0 Hr . 242 e vtlng---··- --- per pe :-' --

Total per ~r o 562 Total per Hr o 17.65 

---~----" ..... -.. -----

P 0 t ,~ro.LJ'i R 
" 0 

214 Volts. 19.0 Amps 0 

Input to Motor 5. 67 lL P o i·loto r Ef·Di ci ency 73. Percent o 

Po wer Delivered to lili ll ------------------- -- 4.1 
Power 10 st in '\:~ill Bearings , Dri v e Gear , Etc 0 0 . 91 
P OVj era b S 0 r beet i n Crus h i ng - - - - _. - - -- - - - - - - - - - -

R. P. 
- I -, 11 • ~ • 
Hon o 



Total 

587 
578 

Mill Te s t No 0 11 

CRUSH I NG 11E])I A. 

Lb s 0 

Lb s o 
Lbs 0 

Lbs . 

J.t I nch 
1i- I nch 

I nch 
I nch 

1166 Lbs 0 

Da t e April 25th, 1 9 34 . Pag",-e __ _ 

Pulp 

l~I LL . 

Pe rc ent Water 0 

Perc ent Sol i ds o 

Spee d - - ------ 59.0 R. ? o ~ _ . 
Cr i tic a l Spee d 66.7 R . P . 1-
Pe r c en t 0 f Cr i t 0 S pe e d 68.7% 

Mill Volu me ------ 10 CUo Ft " Overs i ze 2 Dr y Lbs ope r Hr . 
+ 

o c c u p Y 40 Per c en t ,1 i 11 V 0 1 .. rJa t e r - - - 1 

----- ------------------------------~------

CLASSI F I ER o 
BELT FEEDERo 

Slope ----- - - Inche s p er Footo 
S t roke s - - -- 25.85 Pe r i nut e 0 Ve r n i e r Set t i ng - -- - - - - - 0.7 

Feed- Dry P ounds pe r Hr .- 165 Re tu r h Sand - 20,' Dry Lb s . pe r Hr 0 

S tr 0 ke s p e r r1 i nu t e - - - - - _59.60 
Pounds per Stroke ------- 0 .• 0686 

+ 
Ha ter ------ L b s . pe r Ho ur 0 

Ov e rflow 
So lids --- 162 Dry Lb s . pe r Hr . 
Wa ter ---- 317 ) Pounds per Ho ur 0 

TI ME 0 

Li quid - Solid Rat io 1.96 : 1 
Dur at ion of T es t 3 
Pre pa r a t 0 Peri od 1 
Sampling P eri od 2 

Hour s 0 

Hour s . 
Hour s .. 

']\T 2 l J 0 0 

NOo 3 

Cock 
TIial 
Co ck 
Dia l 
Cock 
Di a l 

( Feed 'Vat er) At St art o 
Se t t i ng - - - - - - - 3 . 05 L b-s :De r Hr 0 106 
( To C la ss i f i e r) 
S e tting ------- ____ Lb s o pe r IT -no __ _ 
( to Mill D is ch 0 ) 

S et ting--- - --- - 3.97 Lb s o per F r o 214 

At End 0 

UY> 
J. 1 ":"" 0 103 :pe r 

Lbs o per Hr o - -

Tot a l pe r Hr o 319 Tota l per Fr o 318 

PO WER o 

214 V 0 1 t s 0 19. 6 Amp s 0 ':Va t tmete r 4.24 KHH per Hr 0 

Input t o 1\1ot or 5.68 H. P o ,Lotor Effici enc y 73. 1 Pe rc en t o 

Po wer Delive r e d t o Mill -- - -------- - ----- - --- 4.15 H. P o 
Power lo s t in Mill Beari ng s , Driv e Gea r , E tco 0.97 H. P . 
PovJer absorbed i n Crus hing ---- - --- - --------- 3.18 H. P .. 



Mill Tes t Noo 1 

CRUSH I NG 11EJ)I A 0 

587 Lb s 0 

67 Lb s 0 

Lbs o 
Lbs o 

Total 5 Lbs o 

Mill Volume ------

I nch 
I nch 
Inch 
I nch 

10 Cu. Ft . 

Da te AprIl e h. 1 934. Pag~e ___ _ 

Pu l p 

MI LL. 

P e rc ent Hater. 
Perc ent Solids . 

S :p e e d - - - - - - - - 5~. 1 R. ? . ~,L 
Cr it i c a l Speed 5a. 7 R . P . 'f . 
Pe rc e n t 0 f Cri t o Spe e d .~ 

Overs i ze 2 Dry Lbs oper Hr . 
+ 

o c c up Y 40 Per c en t ',.1 i 11 V 0 1 . 17 ate r ~ - - 1 

r--" CLASSIF I ER. 
BELT FEEDER. r 

Sl·ope ----- -­
S t r 0 ke s - - - -

Inches per Foot. 
26. 5Pe r 1 i nut e • 

IRetur: Sand - 29 Dry Lbs . per Hr . 
Vernie r Setting --- - ---- O. 
Fe ed- Dry P ound_s per Hr . - l55 
S tr 0 ke s pe r I:l i nut e - - - - - - 3 .8a 

Hater ----- - Lbs . per Hour . Pounds per Stroke -------

Overflow 
Sol i ds --­
Water ----

1 Dry Lbs . per Hr . 
20 Pounds per Hour 0 

Liquid - Solid Ratio 2. 06 : 1 
Dill' at ion of T e 8 t 
Pre pa rat 0 Peri od 
Sampl ing Peri od 

4. Hours 0 

2 Hours . 
2 Hour S 0 

JJATER 

NOol Cock ( Fee cl ~Yat er ) At Start . At End . -
Di a l Setti ng ------ - 3.05 Lbs . Der Hr . 1 5 L os . :per Hro 103 

No . 2 Co ck ( To C la s s if i er) 
Dia l Setting ---- - -- -- Lbs o ner }{r 0 -- Lbs . DeI' Hr . -

No o3 Cock (to Mill D is ch . ) 
Dial Setting--- -~ - - .91 Lbso per Hro 214 Lbso per- Br . 215 

Total pe r Hr . 319 Total per Hr o S S 

PO WER . 

214 V 0 1 t sol .25 Amp s 0 l}a ttmeter 4 . 22 rcrTH per Hr . 

Input to '\.lotor 6 . 65 H 'D 
• ..L. 0 l~oto r Effi ci ency 73. 1 Percen t o 

Power De l ivered to IJ1 ill -- - ---- - --- - ----- - --- 4~ H. P . 
Power lost in 1\1ill Beari ngs , Drive Gear , Etc. 0.97 = .P . 
PO--Jer absorbed in CrLlsh ing -- - - - --- - ---- - ---- 5. 16 H. P & 

'- / , '-



587 
578 

Kill Te st No 0 12 

Lbs o 
J-l bs 0 

Lbs 0 

Lbs o 

1:1 Inch 11 Inch 
Inch 
Iuc 

-------------------------, 
Total 1165 

J) a te April 27th, 1 9 34. Page 
F ~-------

Pulp P e rcent Jater 0 

Percent Solids. 

----------------------------
S pe e c_ - - - - - - - - 28.45 R.? 0 = _. 
Critical Speed 56.7 R oP • . ~ . 

Percent 0 f Cri t . Speed 50.2 

-I 
I 
I 

/ . 

I 

I 
I ' 
!'" 
I 

I 
I 
i 
i ri'ill Volu·ne ----~- 10 CUo Ft o Oversize 8 Drv LJso:per Br o 

(J 

+ 
Occupy 40 Perc ent l' '11 V ., aater-- - 5 Lbsoper Hr . ~. _ l O.L 0 

~----.- ------------------+--~,----------

CLASSI F I ER 0 

--I' 
, I 

Slope --- - - -- Inches per Footo 
S t r 0 ke s - - - - 26.25 Per Xv in u t G • 

Re turn Sanct - 42 nry Lbs . pe r Hr . 
+ 

Hater -----~ Lbs . per Hour . 

OverfloJ 
Sol id s - - - 100 ]) r y L b s . pe r Hr . 
VIa ter -- - - 226 Pounds per nour. 

L i qui d - Sol i d_ Ra t i 0 2al); : 1 

ern i e r Set tine ~.rtc _ Q..f.f_ §caJ.e 
Feed- Dry P ounds per Hr o- 112 
S tr oke s per r:li nut e - - - - - -59.45 
Pound s per S trol(e - - - - - - - 0.0475 

TI ME 0 

Dur at ion of Te s t 9.0 
P re :DB- rat 0 Pe r i 0 7.0 
Sampl ing Peri od 2.0 

Hours 0 

HO"Llr S o 

HOlY'S .. 

,Nool Cock ( Feed 17at er ) At Start 0 A End . -----
Dial Se tti n2: -- - - -- - 2.75 Los o D E; r Hro 75 lbs . ~o e r P"r Not 

t r, 0 • 2 
-' 

.1. 1 Q 

Cock ( To Clas sif i er) 
Dial r1 t+ ' Lb s . ner H-· 0 Lbs . ner Br 0 Meas-o e 1I ll1g - - - - - - - --- -

~\To 03 Cock (to JL.ill Dis ch 0 ) 
Dial r'I t+ ' i:) e ulng-- - ---- - - 3.6 Lb s. p~"V> 

""J.. Bra 150 Lbso pe :-- "LiY> _ t .L. Q ured. 

Total De r Br a 225 Total per ~r . 

PO '~TT;1R • ~ ...i.....J 0 

214 Volts 0 13.75 Arnps. 

I Input to Lotor 4.05 H . ? o l"'loto r Effi ci enc y 74.1 Perc en 0 

2.99 H . P. Power Delivered to dill ------------ - --- -- - - ­
Po orer lost in ll.~ill Bearings , Drive Gear , btco 
P O-~j era b SOT' bed i n C rcts 11 i ng - - - - -- - - - - - - - - - - - - -

0.65 rL ? Est.i . 
2.34 H. P . . 

------------------------



~J[ill Te st No 0 
.. t ' 

Lb s o 
Lb s o 
Lbs 0 

Lb s o 

- ---------------------
Total Lb s o 

"'_'I',.·l l· 1 J. Vo lu '} e it - -- - - - CUo Ft . 

Pulp 

WIILL. 

P e rcent Watero 
Percent Solids o 

_.----.----------------.-.---
Speed - - - - - - - - RoD 0 ~· 1 . 
Critic a l Speed.. . 1 R. P . 1. 
Percent 0 f Cri t o Spe e d 

Overs iz e TIry Lbs oper Hr o 

Oc cupy 
+ 

Per c ent Mill Vol o Dater- --

~~. --~-~-----
CLASSIFI ER 0 

Slope ----- --­
S t r 0 ke s - - - -
Re turh Sand -

+ 
Hater ----- -

Ov e rflow 

Inche s p er Foot 0 

" 
1'.[ . + e r lV l nuu e Q 

17 TI ry Lbs . pe r Hro 

Lbs . per Hour 0 

S 01ids --- 150 TIry Lbso per Hr o 
Wa ter ---- 312 Pounds per Hour 0 

Li qu id-Solid Ratio 2.08 : 1 

BELT FEEDER . 

Vernier Se tting -------­
Feed- Dry Pounds pe r Hr o­
Strokes per ~inut e -----­
Pounds per Strol<:e -------

TI ME . 

D'ur at i on of T es t 
Pre :Da r at 0 Peri od 
Samp 1 i ng P eri od 

Hour s 0 

Ho'lli's 0 

Hour S 0 

WATER 

( Feed '"later ) 
Set t i n2: - - - - - - -
( To C1~ss if i e r) 

At Start o 
---.-~-

Lo s 0 ne r 
At End 0 

L bs :---p-e r Hr 0 

Cock 
TIia1 
Co ck 
TIia1 
Coc k 
TIia1 

Set t ing - - - - - - - ... ..- L b 8 0 ne r Hr o 
( to Mi 11 1) is ch 0 ) 

Set ting-- - ._ -- -- per Hr 0 ___ ' b s 0 pe:, ~Tr 0 __ -'--

Tot a 1 pe r :q r 0 ~otal per Hro 5 

Vo 1 ts 0 1 .omps 0 Wattmeter 

I Input to Idotor • rloto r Eff i ci enc y • Percent o 

I 
I 

Po we I' Del i IT ere CL t 0 IJl i 11 - - - - - - - - - - - - - - - - - - - - -
Powe r lo st in Hill Bearings , Drive Gear , Et co 
P OVj era b s 0 r b e CL i n C rllS h i ng - - - - -~ - - - - - - - - - - - - -

R . P o 
. -T 

11 n ..L • 

-----_. 

,.-f 



t.. ,/ 

Mill Test Noo 14 Date - 9th, 1 934. Pag~e ___ _ 

CRUSHING HEDIA 0 MILL. -, 
{5 7 Lb s o 'l-t 
578 Lbs 0 1t­

Lbs o 

Lbs o 

Inch 
Inch 
Inch 
Inch 

Pulp 
I 

P e rcent Hater 0 I 
Percent Solidso j 

I 
-------~-----------

Total 1165 Lbso 

,-----~-----------

Mill Volume ------ 10 Cu~ Ft 0 

S pe e o. - - - - - - - - 44.0'1 R 0 TJ. ~, 1-
Cri t ic al S p e e d 56.7 R • P 0 10 
Percent 0 f Cri t o Spe e d 71.8% 

_. __ ._------_._ .. ---

Ove r s ize 1 ])ry Lbs ope r Hr o 
+ 

Occupy 40 Per c ent r:_ill Vo 1 0 ~:ra t e r ·- - - 2 
1--;--------

CLASSI F I ER. - ---

Slope ------- Inches p er Footo 

'

S troke s - _._- 26.1 Pe r ... [i nu te o 
Re turh Sanct _. 14 .J ry Lb s . pe r Hr 0 

+ 
Ha ter ----- -. Lbs o pe r Hour 0 

Ov e rflow 
Solids--- 159 Dry Lbs o pe r Hr o 
Wa ter ---- 315 Pounds per Hour 0 

Li quid-Solid Ra ti o 1.98 : 1 

BELT FEEDER 0 

Ve r n ier S e tting --- ----- 0.4 
Fee d - Dry P ounds pe r Hr .- 159 
S tr oke s p e r ~ i nut e - - - - -- ;a9.57 
Pounds per Strok e ------- O.06?O 

·----~-~-----I 

TIli;fE 0 

])ur a tion of Tes t 4.67 Hou . .r s o 
Pre pa rato Peri od 2.61 Hours o 
S amp l ing P e ri od 2.00 Hour S 0 

rfATER 

At EncL 0 INO,l 
--

Cock ( Fee d 'ilat er ) At Start 0 

g6 -- 103 L b s o pe r Hra Dial Se tting ------ - 5.05 Lb s a TIe r Rro 
l'T 2 .L\! 0 0 Cock (To Cla s s i f i e r) 

Dial n t+-o e l.J 111g - - - - - - - -- Lb s . p e r H~ 0 - Lbs o ner Hr. -
l\T 0 ' 7-
... 0 u Coc k (to Iv1 i 11 D i s ch a ) 

Di a l S e t ting --- - --- 3.97 Lb s o p e r Hr o 210 Lbs 0 1;e r = r 0 
216 

Tot a l pe r Bra Tota l per Fr o 318 
--------______ 0 ___ -

214 Vo 1 t s 0 20. 25 Amps a 

Input to Idotor 6. 99 If . P a of t T1 n.p • • 
-1l 0 0 r .t2.J I J.. 1 Cl e nc y 79.8 Pe rc ento 

Po wer Delive r ed t o Mill --------------------- 4 . 78 H. P o 
Power lo s t in \:~ill Bearings , Driv e Ge ar , E tc o 1.10 :a . p. 
Po~er absorbed in Cl~.sh il1g ------------------ 3.69 R o P ~ 

I 



587 
578 

~1ill Te st No .. 

CRUSH I NG 11EDI A 0 

Lb s o 
Lbs o 
Lbs 0 

Lbs c 

1;1.. I nch 
1 I nch 

Inch 
I nch 

Tot a l 1166 L b S 0 - - - - - - - -

15 

iMill Volume ------ 10 CUo Ft 0 

Pu l p 

MI LL . 

P e rc ent Hater 0 

Percent Solids o 

S pe e d - - - - - - - - 47 • 5 R . "? 0 ~' - • 

Cr i t i c a l S p e e d 56 . 7 R • P . L 
Pe rc ent 0 f Cri t o Spe e d 83 . 8% 

Overs i ze 1 Dry Lbs oper Hr o 
+ 

Occupy 40 Per c ent '{_ill Vol o rJater- -- 2 

r---- CLASSIF I ER 0 

Slope ------- Inches per Footo 
S t I' 0 ke s - _. - - 26 . 68 Pe I' [i nut e 0 

Re turh Sanct - 18 Dry Lbs . pe r Hr 0 

+ 
Hater ----- -

Overflow 
Solids --- 155 
Water --- - Zll 

Lbs . per Hour 0 

Dr y L b s o pe r Hr .. 
Pounds per Hour 0 

L iquid - Solid Ratio 2.01 : 1 

BELT FEEDER . 

Vernier Setting -------- 0 . 4 
Feed- Dry P ounds per Hr .- 157 
S tr oke s per rni nut e - - - - - -59. 65 
Pound s per Stroke -- - - - - - 0 . 06&0 

TI ME 0 

Dura t i on of Tes t 2 . 30 
Pre pa rat 0 Peri od 0 . 30 
Sampl i ng Peri od 2 . 00 

Hours 0 

HO'LIT s o 
Hour s .. 

dATER --

NO ol Cock ( Feed I~!a t er ) At Start 0 At End . - - --- --
Di a l Set t i ng - - - - - - - 3. 05 Los 0 Der Hr o 96 Lo s o per Hr o 103 

l'T 2 Cock ( To Clas sifi er) l.'J 0 0 

Dia l Setting ------- -- Lbs o ner H- 0 - Lb s . Der Hr . - _ 
i\T '7. .LJ 0 0 u Cock ( to Iv ill D is eh 0 ) 

Dial Setting--- - --- 3. 97 Lbso p e r Hro ~lQ Lbs 0 pe~ Rr 0 _215 

Total :pe r Br o 506 Total per Hr o 318 

214 Volts o 21 . 76 Amps 0 

Input to Motor . 38 H. P o _T ot o r Effi ei ene Y 79 . 2 Pe rcen t o 

Power Del ivered to Mi l l -- - -------- - --------- 1 . 05 H. Po 
Power l ost in 1.'1 il1 Beari ngs , Drive Gear , Etco 1 . 18 Ho? 
P07er absorbed in Crushing -- .----------- - ---- ·S. a7 H. P . 



... ~ ill Te s t No 0 1 Da te pr!l 29t • Page 
-----=~-~~~~~--~ ~------

CRUSHI_ G l1EDIA 0 f.~ILL . 
~ I . 

Lb s .. 581 ~ 
Lb s o 

,.;, 

51 13 

Lbs o 
Lbs o 

Total 116 

Mill Volume ------

I nch 
I nch 
I nch 
I nch 

10 CUo Ft 0 

Pulp P e rc en t \later" 
Perc en t Solid.s o 

S pe e d - - - - - - - - 62. 0 R 0 "? o ~' _ . 

Cr it i c a l Speed 66 . 1 R. P e 1. 
Pe rc ent 0 f Cri t o Speed 91 . 8 

Oversiz e 1 Dry Lbs oper Hr " 

Occupy 
+ 

Per c ent ~ ill Vol " ~ater- -- 1 

~------ -------------.------------------~----------------------------------

CLASS I F I ER 0 

Slope ------- Inches per Foot o 
Strokes - - -- 26. 2'1 Per Iv_inute 0 

Re tu r h S a no. - , 15 Dry L b s • pe r Hr" 
+ 

Hater ------ L b s . pe r Ho u.r " 

Ove r f l ow 
S olids --- 154 Dry Lbs " per Hr . 
Water --- - 318 Pounds per Rou.ro 

Li quid - Solid Ratio 2 . 06 : 1 

BELT FE3DER o 

Je r n i e r Setting ---- ---- 0 . 4 
Feed- Dr y P ouno. s pe r Hr . - 16 
Strokes pe r I:linute ------ 9. 79 
Pound s per Stroke -- - - - - - 0 . 06 

Dur at ion of T e 8 t 2. 08 Hour S 0 

Prepa r at o Pe r iod 1 . 00 Hours " 
Sampl i ng Peri od 1 . 0 Four s . 

dATER 

NO ol Cock ( Feed .7ater ) At Start 0 At End 0 -
Di a l Setti ng ------ - 3. 05 Lbs o Der Hro 96 Lbs o :per -rT lir 0 10 

Ho ,, 2 Co ck ( To C la s s if i e r ) 
Dia l Setting ------- - - Lbs o TIer Hr o - Lb3 0 Der Hr . ---

1\10 7-_ 0 u Cock (to lLil l JJ is ch 0 ) 

Dial S etting--- -- -- 3 . 97 Lbs o per Bro 210 Lbs" pe~' ~r o 16 

Total per Hr " 30 Total :)er 
-'-

Hro 318 

PO ',?ERo 

214 Vol ts 0 . 5 Amps 0 :Ta ttmeter 5. 21 I<J,~ per Hr 0 

l·t ot o r Effi ci enc y 78 . In 1) ut to '\'10 t or 6 98 - . "U U n • ..!.- o Percent o 

Po we r De l i v ere d t 0 1\1~ il l - - - - - - - - - - - - - - - - - - - - - 5 . 50 H . P 0 

Power lost in \li l l Beari ngs , Drive Gear , Etco 1 . 25 I-T . ? 
pO·~jer absorbed in Crushing ---- - ------------- H . ? ~ 

--'--

I 
I 
I 



·lIi11 Te st No 0 17 

587 Lb s o l-'~ Inch 
578 Lbso l~ Inch 

Lbs 0 Inch 
Lbs o Inch 

Total 1165 

Da te -pr3-l 29th, 1934. Page .:--.---

Pulp 

t1ILLo 

Percent Water 0 

Percent Solidso 

S pe e cl - - - - - - - - 51.9 R. "? 0 ~. _ . 
Critic al Spee d . 7 RoP.1o 
Per c ent 0 f Cri to Sue e d 91.7 

L 

I 
I 
I 
i 
I 

-----1 
Slope ----- -- Inche s p er Footo 
Stroke s - --_-26 . 45 Pe r _[inut e 0 

Re turn Sand- 20 Dry Lb s . pe r Hr 0 

+ 
Ha ter ------ L b s . pe r Ho UT 0 

, - Est: -1 ~ Ve rnler Settlng --- - ---- • 
Feed- Dry P ound s per Hr .-130 
Stroke s p e r r:l inut e ----- "Z9 . 77 
Pounds per Strok e ------- O. 0f45 

'Overflow 
Solicls--­
Water --- -

130 Dry L bs 0 pe r Hr 0 

282 Pounds per Hour 0 

------------------------1 

TI ME 0 

Li~uid -Solid Ratio 2.17 : 1 

I 

1)ur a t ion of T es t Z. 60 
Pre pa rat 0 Peri od 2.03 
Sampl ing P e ri od 1.67 

dATER --

Hour s 0 

Hour s . 
Hour s 0 

!Nool Cock I Feed liTa t e r ) At Start 0 At End 0 \ Eat: 
TIial Setting------ - 3.0 L"b s 0 TIe r Hr o 91 Lbs o :pe r Hro 98 

NO 2 • -1..~ C) Cock ( To C la s s i f i er) 
])ial Setting ------- -- Lb s o n e r Ifr 0 -- Lbs . ne r Hr. ---

No o3 Cock (to I~ ill D i s ch 0 ) 

TIial S - +' e t ulng--- --- - - 3.62 Lb s o p e r Hr o 181 Lb s o pe ~ Hr.191 

Tot a l TIe r ~-rro 272 To t a l per Hr o 289 

214 Vo 1 ts 0 23 . 5 Amps. 

Inpu t to Motor 6 . 91 H. ? 0 Motor Effici ericy 78. 8 Pe rc ent. 

Po we r Del i v e r ed t o 111 ill - - - - - - - - - - - - - - - - - - - - - is. 44 H . F 0 

Power lo s t in \'Iill BeaI'ings, Driv e Ge ar , E tc o 1.25 HnP . 
POVler absorbed in Crus hing ------ --- - --------- 4.19 R. P o 



1v1 ill T es t No 0 1 Cont Td .. 

-
Ii,~ i 11 .lIe c h o Mil l Ret Tn o Class i f . Surfa c e l'.IJ:e ch e 

Mesh Feed Val ue D' , lscn " Sand ;. O verflo\!~r Fa c t or Value 
-1 Wto S oU a 

./l 
wt . % Ht 0 r-- fa wt 0 So U. ]0 70 

f--- . -
+ 4 x 0 .. 05 = 

f---

6 x 0 00 6 = - . - .. -. 

8 
I 

x 0 .10 = 
~ 

I 

10 Ix 0 012 = -

~4 See .x 0 020 = 
I -

I 
-

20 !Lt et 0 . 1 0 . 4: 
-I 

0 . 25 
I 

li 6 2 8 • 0.1 0.4 0 ~ 35 .-. -
35 0 . 2 1.9 0 050 

~ 

48 0. 7 3. 7 

I 
0 07 0 

65 2 . 3 ( .7 0 . 4 10 00 0 . 4 

1 00 11.0 29. 6 5. ~ 1,, 40 7. 4-
~ 

150 12. 2 2'41 ,. 7 11 .0 2. 00 22. 0 -
I 

200 1 ~ l 14:. 5 16.5 2. 90 47. 8 -

- 200 d 67
•
3 16. 9 6b . 8 1 4 . 00 835. 2 -

Total 21 100. 0 100.0 100·9 Overfl ow' lOl~ ! a ---- ----- ~-~.-- - -= .. 

Mi l l Feed Dry Tons l)e r 24 Ho 2. 56 
------- + .-

CLASS I FI ER OVERFLO~7 CYi n i she d Prod " ) IT IT IT TT TT 2 . 69 
--..--- - -

• 
Return Sand TT TT TT TT TT 0. 62 _. __ . __ .- --
Mi l l Di s cha r ge TT TT TT TT TT I 3. 31 ----- -

Me chanic a l Value o f Cla ss if i e r Ove r f l ow Surfa c e Un i ts 1013 

TT TT TT Fee d TT TT 27 

Crushing Work d one pe r Ton TT TT 98 . --
IT TT TT TT 24 Hour s IT TI 222 --

Crush . Hark De r H.P. (Tota l Powe r t o l1i 11 ) TI IT 748 
d - i 

Only ) 
l 

TT TT TT H. P. (C!U sh in p; Povre r IT TT • ~ 8 t. - - 1 



ti ll Test Noo t') 

1\~ ill .<.1e c h o I " ill Re t Tn o Class i f . Surfa c e \ ech Q 

1.1esh Feed Val ue Disch 8 Sand. ;Overflo l Factor Va lue 
./l wt 0 S oU o 

./1 
Wto % \~Jt • fa Wt 0 S oDo 70 70 

+ 4 x 0 005 = -
6 x 0 006 = . ' " 

I 

8 Ix 0 010 = 

10 0 . 1 0.1 Ix 0012 = ---
14 See 0 . 2 0 . 5 x 0 020 = 

20 Ta t 0 . 2 O.&- 0 . 25 . 

2 8 _~Jo. 6 0 . 3 0.8 0 ~ 35 

35 0.6 1.6 0 050 -
48 2. 1 5 . 4 0 &7 0 

65 5 . 7 12. 5 0 . 7 10 00 [,JL7 

100 1 . 5 3f:; . &. 0 1& 40 11. 2 -

150 16.9 19 . 9 15 . 1 2. 00 30.2 

200 lb . l 11 . 5 17 . 6 2 . 90 5_1 . 0 

- 200 ~9 . 3 11 . 8 59. 6 1 4 . 00 020 . 4 .-

Tota l 27 _00. 0 0. 0 1 0 . 0 Ove rfl ovl ~J13. 5 
------ . - -

/Ii l l Feed Dry Tons ~)e r 24 Ho 3 . 70_ _._-- '-
CLASS I FI ER OVERFLOq (Finishe d Prod 0 ) 

TT TT Y! IT IT iJ . &7 
- -

Return Sand IT IT TT TT IT 2. u4 ._-_.-

[i l l Di s c ha r ge TT TT TT TT TT I . 61 ----- -

Mechanic a l Val ue of Classif i e r Overfl ow Su r face Un i ts 9.1.3 

TT TT H Fee d TT TT 27 

Crush ing dork d one pe r 1. on H T .JG6 
-

!l TT TT TT 24 Hour s TT IT ..,. 78 

Crush . Hork pe r H .P.( To ~ al Powe r to 1.1 i~l) TT TT 6 - , 
l 

TT II TT H. P. ( Crush i ng PONe r Only) II TT 
t l()~O -



_[ ill T e ~_t _~ __ o_o_ ..... 3,---_C_o_n_t_T d_o Dat e 19 ~-i. r.. Page 
~ ------- -- . , .~ - -" . , .- -

~. - --
l\~ ill ~le cho Mill Ret Tno Class ifo Surfa c e ~ 1e ch • 

Hesh Feed Value I Dis ch 0 Sancl i'Overflow Factor Va lue 
./l Wt 0 SoU 0 

./j 
Wt o :fI Ht 0 fa Wt 0 

S r 70 /0 /0 o U • - - 1-' 

+ 4 x 0005 = 
~. 

6 x 0006 = - . ... 

8 
I 
Ix 0010 = 

10 0. 2 0.6 Ix 0012 = - - --
14 S~e 0 . 6 1.6 Ix 0020 = -

20 Tiftt 0. 5 1.7 0 .25 
--

28 No • ..§ 0. 6 1.6 0~35 - --
35 Oa7 2 . 5 0950 

48 2.3 6. 8 0&70 --
65 6. 1 1.2. 1 2. 2 1000 2.2 

100 16. 1 2e . ~ 11. 6 1& 40 16.1 

150 15. 8 17.0 ~&.2 2. 00 50 . 4 

200 16.1 11 . 7 17.6 2.90 51.0 - ,-

- 200 45. 2 lG. D 53. 5 1 4 .00 749 . 0 , -- ----
Tota l 2'1 100.0 100. 0 lQQ." 0 Ove rflo vJ 948. 7 
~--.- -- -------- ----, -

Mill Feed ])ry Tons l')e r 24 Ho ~ .64 ------ ---

CLASS I FI ER OVERFLO I,:! (Finis he d Prod .. ) TT TT TT TT TT rl:.61 
. -_ .... -

Ret urn Sand l! IT TT TT TT 1.62 
'--',' - ----

[il l ]) i scha r ge TT TT TT TT TT 5. 15 

Mechanic a l Value o f Cla ss if i e r Ov e rflow Surface Unit s 849 -. 

TT TT TT Feed TT TT 27 

Crushing Work done pe r Ton TT TT 322 - --
TT TT TT TT 24 Hours TT TT 220 

Crush . Work per H. P. (Tota 1 PO Vle r to T.li 11 ) TT TT 8 1 - -.-
~ 

TT TT TT H. P. (Crush in g PONe r Only) Tt TT • 1065 , 
- - -



Mill Test No" 4 
.~------

:Mill ilech o Mill 
T.1esh Fee d Val ue Dis ch " 

% wt 0 S " TJ 0 /,0 Wt 0 
+---.------+-.-'-----I----------l--~ 

+ 4 

Date 1 CJ. Page --- ----- . -_ .... _--- -,.- -

Re t ' n o Classifo Surface Mech o 
Sand ;. Overflo\:~T Factor Val ue 
% Ht o. -f-- la Wt_o_-I--___ ---lt __ S_o U_'_._-I 

x 0 .. 05 = 
r-----~+_-------~--------~.--.----~---------~------_+~~-----~------~ 

6 
1-----+-----+------1------1-----. . -

8 

0. 1 0 . 2 10 

Ix 0 010 = 
~.------~------~ 

Ix 0 012 = 

1.1 Ix 0 02 0 = 
~------~------,-------·~--------i--------~---------~I---------+-------~ 

r-___ 2_0_~ __ T-e_st---.rl----__ _r----O.-.-l~------1-.-4-~---------~I,---0_._2_5 __ ~ __ ----~ 
~ __ -2-8~-_N-O-.-6. __ ~-----_-~----O-. 2,----------1 .-6--~---------~11 __ 0_~_3_5 _____ ~ ____ ~ 

See 0 . 2 14 

35 2 . 6 

48 1 . 0 0 .,7 0 

65 I 2.7 13.9 1.0 1 0 00 1 . 0 
~------+---~----~-------+---~----~-------~------~----.----~--------~ 

100 9.1 26 . 0 6 . 6 1040 

150 15.3 11 . 8 2.00 ~3.6 

200 16.4 16 . 6 2 . 90 48.1 
--.~-------+_----.-.-~--~---+_---------~------_4.~-------~------__4 

57.3 19.0 64.0 1 4 . 00 
r--------I~~--~r---------4-------_+--------~---------+_~~~--~------~ 

- 200 896 . 0 

Total 21 100.0 100.0 100.0 Overfloll 
f---- _ ._- .. _.::::.!::.:===:::....--===-==--~I-=' ===!.:====!====:=::.::!=====-=-===±:==========F======l 

977.9 

Dry Tons ~e r 24 Ho 
--+------4 

i,1ill Feed 2.64 

() 2 • . t ~-C_~A~SIFIER OVERFLOq Fin!shed~p_r_o_d~o~ _ _ TT~~tT~~_T_T~_t' ___ IT~~~~~~ 

Return Sand T! IT TT TT TT 0 . 45 
~---.--.. 

Mill Discha r ge TT IT 

--~---------~--------------.----~~------~ 

TT TT TT 3. 10 

-
11e chanical Value of Cla ss if ie r Ov e rflow Surfa c e Units 978 

TT TT TT Feed TT IT 27 
-

C~shing l:fork done pe r Ton TT TT 961 
--

TT TT TT TT 24 Hours IT IT 2510 

Crush . Hark per H.P. (Total PallIer to !.1i ~ 1 ) 11 IT 726 
I 

Only) 
1 894 TT TT TT H. P. (Crush ing Porrer TT Tt • t ,.....--



Mill Test No .. 5 
-----~--

19 ' Pae.e - . -- . . _-_ ... .. ,. -

li~ i 11 -Llech o ,.fill Ret Tno Classif . Surface e ch 0 

Mesh Feed Val ue D is ch . Sancl ;' Overflow Factor Va lue 
./l wt . S o TJ 0 

/1 I-tft . ,17 17t ' fa wt Q S oU .. 7:1 -;0 /0, o . - 1--

+ 4 x 0 . 05 = 

6 , x 0 006 = 
, ,-

8 Ix 0 . 10 = 

10 -"T 0 01 2 = • .L\.. -
1 4 See Ix 0 020 = 

20 Test 0. 4 0 . 25 

28 No . 6 0 . 1 O.s Oe35 - -- -
35 0.1 1.7 0 050 -
48 0 . 7 5 . 8 0 &7 0 

65 1. 7 15. 3 1 . 2 10 00 1.2 

100 7.0 29.4 6 . 1 ,, 40 9.0 

150 10 . 8 6 . 6 ~1.6 2 . 00 23. 0 
J 

200 15. 2 10. 16.2 2 . 90 1:_7. 0 -

- 200 64.4 19. 2 64. 7 1 4 . 00 906 . 8 
f---- -

Total 27 100 . 0 100.0 100.0 Overflovl 996 . 0 
-- "-' - - - - 1----, 

Mill Feed Dry Tons lJe r 24 Ho 2.35 - -

CLASSIFI ER OVERFLOi,:r (Finishe d Prod 0 ) TT TT TT TT TT ~ 32 -. -
'--- -

Return Sand Tt TT TT TT TT 0.01 
._---., - -

Mi~l Di scha rg e TT TT 
. 

TT TT TT 2. 33 

Me chani ca l Val ue of Classifier Ov e rflow Surface Unit s 906 
-

TT TT TT Feed TT TT 27 ' 

Cru sh i ng ~Vork done per Ton TT TT 959 
-

TT TT TT TT 24 Hou r s TT tl 2262 
-

Cr ush .. Hork . pe r H.P. (Total POIlIe r to T.li 11 ) TT IT 679 
---

TT TT H. P . ( Crush i ng Power Only) TT TT 1 
TT 't .;: 

- - '------------------------------------------------------------------------------



Mill Tes t Noo 6 Cont ' d e 
------~--

Da t e 19 ~4 Page 
---. ---- . -- ... . -_ .. -_ .... __ .-.- -

I I --
1i1i 1 1 :le c h o Mill Re t Tn o C1ass i f o Surfa c e _1e ch 0 

l.1e sh Feed Val ue 1) is ch & S and ; Overf1 o\iJ Factor Va lue 
/I wt 0 S "Tj o 

./1 
wt . fa ,-1t ., % Wto S oU. 1;:; /0 -- -- :.-- . - 1--- --

+ 4 4 . 0 0 . 2 x 0 005 = -
6 22. 6 1.4 , 

-v- 0 006 J'>. = 
• ,0, 

8 23 . 5 2 . 3 

I Ix 0 010 = 

17. 0 2. 0 Ix 10 0 012 = 

~4 8. 6 1.7 Ix 0 020 = 

20 S ' 8 ~.'1 0 . 6 0 . 25 

0. 1 0.7 2 8 4 . 1 1.4 0 ~ 35 - ' - --
35 3. 2 1. 6 0. 1 1 . 4 0 050 

48 3 . 2. 5 0 . 5 . 0 0 .,7 0 

65 3. 3 3 . 6 1 . 6 14. 7 0. 3 10 00 0. 3 --
lOO 2.4 3. 4 6 . 6 50. 3 4. 4 1 040 6 .2 . 
150 0 .4 0 . 8 10.4 15. 4 10. 1 2 . 00 20.2 

200 o. I 0. 3 15. 4 10. 8 15. 6 2 . 90 46 . 2 . - --
- 200 0. 5 4 . 2 65. 4 20. 1 69 . 6 1 4 . 00 975. 8 

~ 

Total 100.0 27. 1 100. 0 100. 0 100. 0 Ove rfl o fl 1047 . 7 
- -.:;-. !::"~ . - --~ 1-. --

Mi l l Feed Dry Tons :1)er 24 Ho 2 . 54 ._-

CLASS I FI ER OVERFLOH (Fini she d Pr od 0 ) TT TT TT TT IT 2 . 26 
- - --
Return Sand TT TT TT TT TT 0 . 22 ._-_ ... -

Mi l l Di s c ha r ge TT TT TT TT TT 
J 

2. 48 
----- .---

Me ch anic a l Value of Cla ss if i e r Ove r f l ow Su r face Units 1048 

TT TT " Feed " TT ' 27 
-

Crus h ing \lork d one pe r Ton TT TT 1021 - --
TT TT TT TT 24 Hou r s IT TT 2390 

h . Hork pe r H • P. (T 0 t a l P o vIe r to 1,1il1 ) TT 1T 734 
I 

Crus 

TT " H. P. ( Crush ing Povve r On l y ) TT TT 1 916 ~ . TT 



Mill Test Noo 7 ------ -- 19 74 Page ---- - - - ....... _-- - . --.- -

1---

Mi l l .lle c h o Mill Re t Tn o Classif . Surfa c e _· le ch 0 

Uesh Feed Val ue Discn . Sand ;'Overf l ow Factor Value 
./l wt 0 S oUo 

./1 
Wt o _~ Ht 0 fo wt Q S oDo la /0 . 

+ 4 6. 0 0 . 3 X 0 . 05 = -
6 27 . 6 1~6 

, 
X 0 006 = - .. .. 

8 18 . 5 1.e X 0 010 = 

10 15. 0 1.6 0 . 2 Ix 0 01 2 = 
. -~ 

I 
14 7.7 1.5 0.1 0.7 IV' 0 020 = • J'L -

I 20 6. 3 I 1.6 0 . 25 0.2 1. 6 I - _. 

28 4.2 1.5 0. 2 .1..3
1 

+ 0.35 __ . 

35 3. 4 1.7 0.3 1 . 9 I 0 050 

48 3. 9 2.7 0.7 6.0 0 870 

65 3.6 3.8 1.9 1~ .4 0. 4 10 00 0 . 4 
~-

100 2. 8 3.9 6.4 - 28 . 6 3. 4 1 040 4 . 8 

150 0 . 7 1. 4 9. 2 15. 8 0. 3 2 . 00 16. 6 

I 200 0 . 3 0. 9 lS . 2 9 . 8 13. 4 2 . 90 Z9.9 

~~ 
-

0 . 2 2. 8 _~7 . 6 21 . 0 74. 5 1 4 . 00 lQA50 1-- - _ . - _. 
I 

Total 100. 0 27 . 2 1 0 .0 100. 1 100. 0 OverflovJ llC~ . 7 --_. --. __ ._-- - --- --

Mill Feed Dry Tons l')e r 24 Ho 
-'- .. 

CLASSIFIEH OVERFLOVr (Finishe d Prod 8 ) TT TT TT IT TT 
,-

Return Sand TT IT TT TT TT 
._-----.. 

:Mi ll Di scha r ge TT TT TT TT TT I . . 

Me chanic a1 Val ue of CIa ss if ie r Overflow Surface Units 

TT TT TT Feed TT TT 

---
sh i ng dork done pe r Ton TT TT 

. - --Cm 
1---

TT TT TT TT 24 Hour s TT TT 

Cru sh e Work pe r R . P . (Total P ovle r to Hill) TT IT 

-
TT TT TT H. P . (C!'Ush i ng Pone r Only) TT TT i 

ij 



_ftill Tes t Noo Cont Td . Date '--------

. --
Ai l l le c h o Mil l Re t t n o Class i f o Surfac e .clIe ch 0 

l,fe s h Feed Value Dis en ., Sand ;' Overf l O\J Fa c tor Value 
~. % Wt 0 S oU. ./! qt ~ Ht . fa Wt 0 S oUo -- ~-

/0'. • 

+ 4 4 . 7 0 . 2 x 0 . 05 = 

6 28. 7 1 . 7 I x 0 006 = - .. .. 

S 18. 4 l .e x 0.10 = 

10 10 . 6 2 . 0 0.1 Ix 0012 = 

1 4 7 . 9 1. 6 0 . 1 Ix 0 02 0 --
20 6. 0 1 . 5 Q. l 1 . 0 0 . 25 --

2 8 3 . 9 1 . 4 0 . 1 1 . 7 0 . 35 -
35 3 . 2 1 . 6 0 . 1 1 . 8 00 50 

48 3 . 5 2.4 0.6 5. 1 0.,7 0 

65 . 3 5 . 6 1 . 3 12.2 0 . 1 10 00 . 1 

100 2 . 7 3 . 8 4 . 6 30 . 6 1 . 8 10 40 2.5 

150 0 . 7 1 . 4 7 . 6 16 . 5 6 . 1 2. 00 12 . 2 

200 0 . 3 0 . 9 11.8 9 . 5 11 . 3 2 . 90 32.8 
- -

- 200 0 . 2 2 . 8 73 . 7 21 . 8 80 . 7 1 4 . 00 1129 . 8 
t----

Total 100 . 0 26 . 7 1 )0 . 0 100 . 1 100. 0 Overflovl 1177 . 4 
--=- ---- - -- -

Mil~ Feed Dry Tons l)e r 24 
* 

Ho l.Si 

CLASS I FI EH OVERFLO~:! (Finishe d Prod 0 ) TT TT TT n TT 1 .8.7 
--

Return Sand TT IT TT n TT O .~ ._-_ . . - -

[il l Di s cha r ge TT n TT TT TT 2 . 12 
----- . -

... -

JIe chanic a l Val ue o f Classifie r Ove r flow Surfa c e Units 1177 _._--
TT TT TT Feed TT TT 27' 

Crush ing Nark d one pe!, Ton TT TT 1150 
---

TT TT TT TT 24 Hour s TT TT 21!,8 
"r 

Crush . Na rk pe r H. P .. (Total Povre r to Tti~ l) TT IT 522 _ .... 
i 

Only) 
l 

TT TT TT H. P . ( Crush i np; Po He r TT TT ~ §§§ '~ 
~ 



lft i 11 Te st No" 9 Con t Tcl " 
~-.~-------

l,1 i 1 1 A e c h 0 of i 1.1 
11esh F e e d Va1 ue D t s CLl • 

t ___ _ -+-_.J.....7i_ \1.1_ t_o_-+-_S_,,_U~o _ _ -I _ _ '-.i~ Ht 0 

+ 4 

6 

Re t Tn o 
S? .. nd 
19_ .7t tI . 

C1ass i f . 
; Overf1 0\ .T 

fa wt 0 

Su r f a c e 
Fa ctor 

.de ch 0 

Va l ue 
S oU 0 

t------J-----+-----+------I------ . . ,. 

8 

10 Ix 0 01 2 = 
t-------~-------+_-------~----.--~~--~----t_------~~------~--------~ 

28 

I --i---. 

No. 8 1 .4 

t---__ 1_4 __ -t--_se_e __ t--____ -I-_Ni_O ____ +--_O_._3 ___ -!-1 _ __ ~ __ rl_X_ O-o-2_0- -=-r--_----t 

20 Test Sample. 
1.8 0 . 25 

0 ~ 35 
r--.. ~.--~--.---.--~-----_+--~--.------.----~--------_+----------~.--------~ 

35 1. 9 0 050 
t----.~+--------+--------~------~---------~--------+_--------+_-----~ 

48 
1----

5. 1 I 0 870 

65 11 .8 0 . 2 

100 28.8 
f-------I--~---··_f_---·-_f_-----+------~------I------+----__I 

150 15.9 7.4 2 . 0 0 14.8 
---~~-------i---------4 

I 12.9 2 . 90 
~----~--~---------~-----~.~------~r_---------~-------~--------_+-------~ 

20 0 10.6 37.4 

r_~ ___ 2~0_O __ , ______ . _ ___ ~--__ -_+_ __ -----~~2~2~.~ __ ~---7_7 -. -0---~--1-4 __ . 0_0 ___ ~1-0-7_8-. -0---~ 

Tot a l 27 100.0 100.0 Ove r f low 1133.9 
t:=.::=:=:. -- ----- -- - ----I:=-=- =.:===±=====::!:=======.:==:'==.::=====::±:======-====t:========::::t: 

Mill Feed Dry Tons I) e r 2 4 H 0 1.99 --_.- _._--_._---+ 
CLASS I F I ER OVEHFLOi,:! ( F i n i she d Prod 8 ) 1-------

Tt TT Tt TT 2.02 Tt 

Re tur n Sa nd Tt 11 TT TT TT -----
1------_ ._--. .---------------------.-------~~~~---~ [NO Soreen 

d ill Di s cha r ge TT Analysis. 
-------------.-----------------~--~---~--~ 

TT TT TT TT 

-

Me char~.i c a l Va l u e of Classif i e r Ove rfl ow Surfa c e Unit s 1134 

TT TT TT Fee d TT 11 

~ -- -
Crush i ng Nork d one pe r Ton TT TT 1107 

- ---
IT TT TT TT 24 Hour s IT IT 2204 

-

Crus h . 1vork pe r H. P . (Tot a l Povle r to 1.1i~1 ) TT IT 5.48_ - - - - i 
~ 
\1 

TT TT TT H. P . ( Crush i n g POlTe r Onl y ) TT TT • 723 \1 -
• 



1\1 ill T est No. 10 Con t T d e .------- Date.pri1251'd, 1934. _P __ a.:..o;g..-e __ _ 

li~i 11 Me cho lil l Ret'no Classif. Surface Me ch • 
~Mesh Feed Value D . , lscn . Sand ; Overflow Factor Value 

% wt. S.U. ./1 
10 Wt o 10 Ht. % wto S. U. 

+ 4 x 0.05 =: 

6 : x 0.06 =: 
... 0 . 

S x 0.10 =: --
10 Ix 0012 =: 

14 See 0.6 0.7 x 0.20 = 

20 Test 0.2 1.6 0.25 

28 No. 8 0.2 1.4 0.35 - -
35 0.3 1.9 0.50 

48 0.8 5.1 0.70 

65 1.9 12.4 0.1 1.00 0.1 

100 6.2 30.1 2.3 1.40 3. 2 

150 8.7 15.5 7.6 2.00 16.0 

200 12.7 10.6 12 5 2'.90 3' .2 

- 200 68.4 20.8 77.6 14.00 1086. 4 

Total 27 100.0 100.0 100.0 Overflow 1140. 9 
-.... -_. -

Mill Feed Dry Tons pe r 24 Ho 2 .. 09 .. -

CLASSIFI ER OVERFLOVl (Finishe d Prod e ) 
TT TT TT TT TT 2.12 

Return Sand TT 11 TT TT TT 0 . 42 
. ,. 

Mill Discha r ge TT IT TT TT IT 2.54 

Me chanical Value of Cla ss if ie r Overflov'l Surface Units 1141 

TT n TT Feed TT TT 2'1 ' 
-

Crushing Work done per Ton TT TT 1114 

TT TT TT TT 24 Hours IT TT 2330 

Crush. Work per H.P.(To~al Power to :t1ill) TT TT 563 -
TT TT TT H. P. {Crush ing Povve r 0 nly ) TT TT 1 736 ~ 



Mill Test No . 11 D __ a_t_e __ ~ ______ ~ ____ . _PL_a~g_e ____ __ 

. 

J.\{ill Me cho ·fill RetTno Class if. Surface Mech . 
]~esh Feed Value Dis ch • Sand ~ OverfloVJ Factor Value 

% Ht. SoU. % Wt . j ,~Jt • % Wt. S. U. 

+ 4 x 0.05 == 

6 , x 0.06 = .. 

8 x 0.10 = 

10 x 0012 = 

14 See 0.1 0.1 x 0.20 = 

20 Test 0.1 l _! 7 0.25 

28 No. S 0.1 1.5 0.35 

35 0 . 2 1.9 0.50 -
48 0.6 6.6 0.70 

65 . 3 2.9 0.1 1.00 0.1 

100 .5 ~ 0.3 2.0 1.40 2.8 

150 6.8 14.2 6.1 2.00 12. 2 

200 12.1 ~.2 11.1 2.90 2 . 2 

- 20 0 74.2 22.6 80.7 14.00 1129. 8 

Total 27 100.0 1 .0 100.0 Ove rflo"1lJ 117'1.1 
.... - -- -- -

Mill Feed Dry Tons T)e r 2 4 Ho ~ .. 93 
~-- - + 

CLASSIFI ER OVEHFLOH (Finishe d Prod. ) TT TT TT TT 1T 1. 94 

Return Sand TT Il TT TT TT 0 . 24 

Mil l Discha r ge TT TT TT TT TT 2.18 

Me chanical Value of Classifier Ov e rflow Surfa ce Unit s 1177 

TT TT TT Feed TT TT 27 -

Crushing Work done per Ton TT Tt 1150 

TT TT IT IT 24 Hours Tt TT 2220 

Crush. Work per H • P. (T 0 tal Po we r to l,~ill ) n IT 535 - .. . 

TT TT TT H. P. ( Crush in g Povve r 0 nly ) TT TT i 
698 1 

1 -



ti ll Test o. III Cont' d o Date April 25th,19 M _P_~ ..... g~e __ ~_ 

J.,·i ill _ ie c h 0 1ill Ret ' no Classif. Surface . e ch 0 

1. esh Feed Value D is ch 0 Sand ~ OverfloVT Factor Value 
% wt o SoTJo 

/1 {-it 0 % }t . 10 wt Q S. u. 10 

+ 4 x 0.05 == 

6 Ix • 0.06 = ---

8 x 0 .10 = 

10 Ix 0012 = 

14 See 0.1 x 0.20 = 

20 Test 0.2 1.7 0 .25 

28 No. 8 0.1 1.5 0 .35 

35 0.2 1.8 0050 

48 0.5 5.1 0.70 

65 1.2 12.2 0.1 1600 0.1 
- .~. ~--- - -

100 4.3 29.4 1.6 1. 40 2.2 

150 6.8 15.5 6.1 2.00 12.2 

200 10.8 9.6 - 10.7 2.90 51.0 

- 200 75.8 23.4 81.5 1 4.00 ,"14-1.0 

Tota l 27 100.0 100.0 100.0 Ove rflo I .. 186.5 
b= - - -

Mill Feed Dry Tons 24 
I , :!)e r Ho 1.81 -- -

CLASSIFIER OVEHFLOrT (Finishe d Prod. ) TT - TT TT TT TT 1.86 - -
. 

. 
Return -Sand - TT IT TT TT TT 0.35 -

-- -
'rill Dis cha r ge TT TT TT 

, 
TT TT 2.21 - . 

- . 
Mechanical Value of Classif i e r Overflow Surface Units 1187 

TT - TT - TT - -Feed - • TT TT 27-- . 

Crushing Work done pe r Ton TT TT 1160- -. 

Tt TT TT TT 24 
. 

Hours TT TT 2100 

Crush . -Hork per H.P. (Total Povre r to T.~i 11 ) TT TT 509 
+- ... 
l 

. 
J 

TT TT TT H. P. ( Crush ing Powe r Only) TT H - p 

6f>~ f 
........ -



WI ill T e s t No 0 12 Con t T d 0 Da t e April 27th, 1 9 3i. _P~_c; __ g_e ____ _ 

- " 
li,~ill Mecho Mill Ret Tno Classif. Surfa ce Me ch Q 

life sh Fe e d Value Disch 0 Sand ;'Ove r flow Factor Va lue 
la_ Wto SoUo % Wt. % Ht,. Iq Wt 0 S.U. J o - ~-

+ 4 x 0005 = 

6 x 0006 = .'. 

s x 0.10 = 
• 

10 0.6 Iv 0012 = I .L\.. -
14 See 0.6 0.3 x 0020 = - - -

I 

20 Test 0.5 4.8 0.25 

28 No. 8 0.4 3.6 0.35 

35 0.4 2.8 0~50 
~ 

48 1.0 5.4 0.70 

65 2.0 10.0 1.00 

100 5.9 25.7 1.0 1.40 l .. G 

150 8.3 15.8 4.1 2.00 8 .. 2 

200 . J.1~.J; Jt._;}_ v.4 2.90 ~'*1 . :5 

- 200 0'1. 4 ~.a _Q~.P 14.00 U91. 0 - . 
Tot a l 27 . • 0 ).()lJ. O :1.00_ Overflow tru~ .. 0 i="- .-.-- - - .-~. 

Mill Fe ed Dry Tons pe r 24 Ho 1. 25 
1----- . 

CLASSIFIER OVERFL01.7 (Yinishe d Prod 0 ) 
TT TT TT TT TT 

l.~ "--

Return Sand TT 11 TT TT TT 0 . 50 .. ,--.--. ~ -
~1i~] Discharge TT TT TT TT TT 1. '6 . -

Mechanical Value of Cla ss if ie r Ov e rflow Surface Unit s 1 ::.EtA. -" ~ ..... 

TT TT TT Feed TT TT 27' 

Crushing Nork done per Ton TT TT ..,. ;J" --
n TT IT tT 24 Hours TT TT 1509 

Crush. Work per H.P.(Total Power to ~Mill ) TT TT 506 

1 
TT n TT H. P. ( Crush ing Power Only) TT TT , 645 ----



Mill Test No . 18 ContTd. Date P~ge 

--
l\·1i 11 Mech o -till Ret Tno Class i f . Surface Me ch • 

1.'1e sh Feed Value Disch 0 Sand ;. Overflo \T Factor Value 
% Wto S.U. 

./I 
Wt . % .~Jt • % Wt o S. u. /0 - ----

+ 4 x 0005 -

6 x 0006 = - .. .. 

B x 0.10 = -
10 r1'l x 0012 = 

...... -
14 See 

n 1 (\i\ X 0.20 = - --... - ---
20 Test 

1'\ " 
~ £: 

0.25 ..., .- .., ..... 
28 No. 8 0.1 1.&> 0.35 

35 t\ n "l ,., 0050 ,,-- ... v 

48 1\ s:: c:. , 0.70 ........... _ ..... 
65 1. A '" n .1\. .. 1000 .... . -. .., ~~!'-., ..... - v ."", 

100 it "l !::lA l'\ .. ,.. 1.40 n 11 - ... - --.- ...... .... .~ 

150 
Co. ~ 1A. 0 .~ t.! 2.00 "1"1. n 

~ --. - .~ '"'.., _ ..... . -
200 

" 1 a .1:.. , 1'\ c. 2. 90 r~t\ f'j -- .- -- -.... .. 
- 20 0 ~.r;. .ft . ~~ f.I 0.0 n 1 4.00 1~A,n 1'i - .- .-. ..... - .... .. ... -- ....... - . .... 
Total 27 1o..'lfl lnnn. ,nn f\ Ove r flow ~ "tOil A ----_. . -.-

Mill Feed Dry Tons :D er 24 Ho 1.84 
'" - - . --

CLASSIFIER OVEHFLOH (Finis he d Prod e ) 
TT Tt TT TT TT 1.80 ----- i .~ - ... --........ -.. _._-

Return Sand TT IT TT TT TT 0.21 .. _ . _--. --'--' . 

Mill Discha r ge 1T TT TT TT TT 2.01 - - - . 
,,~ -.-

. 

Me chanical Value of Class if i e r Ov e rflow Surfa c e Units 1192 
-.~ .... ,--

TT TT TT Feed TT TT 27 . 
- ._._._-

Crushing Work done pe r Ton 11 TT 
-..l.l.6.Q~.~ ... _ ._ -

TT TT TT TT 24 Hours TT TT 2145 . -." ._---
Crush. Hark per H.P. (Tot a l PovTer to l~ill ) TT TT 531 - - 1_ 

~-

TT TT TT H. P. ( Crush in g Power Only ) TT TT 1 
! 702 
1 .. .. . -



Mill Test No. 1. ContTd o Date April 29tha 1934.~ , -.~._t; ....... g __ e~~_ 

- 'I Aill Me cho "fil l RetTno Classif. Surface Me ch 0 

1~1e sh Feed Value 1 Dis ch 0 Sand ;. Overflow Factor Value 
% \!t 0 SoU. % wt . 1:. Ht •. ~-~. S. U. -

+ 4 x 0005 == 

6 x 0006 = . ,. 

S x 0.10 = -

10 0.1 Ix 0012 = -
14 See O.l 0.2 x 0.20 = 

20 Test 0. 1 1.P, 0.25 

28 No. e 0.1 1 .1 0.35 

35 0.1 1 . 8 0.50 

48 0.4 5.4 0.70 

65 1. 1 13.1 0 .1 1000 0 .1 

100 3.7 30.2 1 . 7 1.40 2~ 

150 6.l 14.3 5.4 2.00 10.9 

200 10.6 9. 3 10.4 2.90 30.2 -
- 20 0 77.7 23.4 82.4 14.00 1165. 6 

Total 27 3.00 .. 0 100.0 100.0 Ove rflov! 1197.1 _. - ........ ~ 

Mill Feed Dry Tons :per 24 Ho l.~l 

CLASS IFI ER OVERFLOn (Finishe d Prod 0 ) TT TT . TT TT TT 1.91 -
Return Sand TT IT TT TT TT 0 . 17 - -. -

Mill Discharge TT TT TT 

-
TT TT 2 . 08 

Me chanical Value of Cla ss if i e r Ov e rflow Surfa c e Units 1197 

TT TT TT Feed TT TT 27 ' 
-

Crushing Work done -pe r Ton TT TT 1170 

Tt TT TT TT 24 Hours TT TT 2223 -
Crush. Hork per H.P.(Total Powe r to TJli 11 ) TT IT 465 · . I 

TT TT TT H. P. {C~sh ing Powe r Only ) TT TT _604 



Date 29th~ 1 9;14.. _P __ ~.;;.4.g_e ____ _ 

Mill 1\,{e cho .fill Re t Tn o Classif . Surface 1\ e ch It 

1~1e sh Feed Value ]) is ch . Sand .;. Overflow Factor Value 
10 Ht 0 SoUo ./l wt o _f0J~ . fa Wt . S. u. 70 - r---

+ 4 x 0.05 -
, 

6 x 0006 = .-

S x 0.10 = -
10 0.1 Ix 0012 = 

' 0 

14 See 0.0 0.2 x 0.20 = 

20 Test 0 . 1 1.1 0.25 

28 No. B 0 . 1 1.0 0.35 -
35 0 .1 1 . 6 0050 -

48 0 . 5 4.9 0.70 

65 1.4 12. 0 0 . 1 1000 0 . 1 

100 3. 9 31 . 1 1.5 1.40 2. 1 

15 0 6. 0 15. 6 4 . 9 2. 00 9.8 

200 9. 7 9.1 9.2 2.90 2j)_. '1 

- 20 0 78 . 1 . 23 . 4 84. 3 1 4 .00 1180.2 

Total 27 100 . 0 100.0 100.0 Overflow 1218.9 = - . . . 1--- . . 

Mill Feed ])ry Tons l)e r 
.L 

24 Ho ~ .. sa 

CLASS IFI ER OVERFLO~7 (Finishe d Prod. ) TT TT TT 11 TT 1.86 

Return Sand. TT IT TT TT TT 0 . 21 .. -

Mill Discha r ge TT TT TT TT TT 2 . 07 
- '-

Me chanicaol Value of Class if i e r Overflow Surfa c e Units 1219 -
TT TT TT Feed tr TT 27 . 

Crushing Nork done pe r Ton TT TT 1192 

TT TT TT TT 24 Hours IT TT 2240 

Crush. Work per H.P.(Total Powe r to l1ill) TT IT 443 --
TT TT TT H. P. (Crush in p; Power Only ) TT TT 1 

519 ~ 



Mill Test NOe 16 ContT d e 1) a t e April 29t h, 19 34. _P-...~..::,...g,--e __ ~_ 

Mill Me cho Mill Ret Tno Class if. Surface Me ch 0 

1~1e sh Feed Value 1) is ch e S and ;. Ove r flo ~T Factor Va lue 
-1 wt 0 SoU 0 

./I 
wt. fa rift. % Wt. S. U 0 IQ 10 

I 

+ 4 x 0005 = 
I 

6 x 0006 = - • , 0. 

s x 0.10 = 

10 Ix 0012 = 

14 See 0.2 x 0020 = 

20 Test 1.4 I 0.25 

28 No. 8 0.1 1.2 0.35 

35 0.1 1.6 0050 -
48 0.5 5.0 0.70 

65 1.4 il.S 0.1 1000 0.1 

100 4.0 30.:3 1.5 1.40 2 .. 1 

150 6.2 16.7 5.3 2.00 10.6 '-r-=0 9.8 9.1 10.0 2.90 29.0 

77.9 22.7 83.1 1 4 .00 1163.4 .- 200 

Tot a l 27 100.0 100.0 100.0 Ove rflow ~205.2 i---- .-- . --;-I--,. . -- t I 
..... 

NIil1 Feed Dry Tons J)e r 24 Ho 1.89 -

CLASS IFI ER OVEHFLOn (Finishe d Prod. ) TT TT TT TT TT 1 .. 85: - -- - . _.-

Return -Sand TT TT TT TT TT O ... lS 
~ ... --~. -- ~ ----------

Mill 1)ischa r ge TT TT TT TT TT 2€O5 -

Me chanic a l Value of Cla ss if ie r Ov e rflow Surfa c e Unit s 1205 . -
TT TT TT Feed TT fl 27--

Crushing Work done per Ton TT TI 1178 

TT TT TT TT 24 Hours TT TT 2226 

Crush. Work per H.P.(Tot a l Powe r to t1ill) TT TT 405 - . 

TT TT TT H. P. {Crush in g Power Only) TT TT I 524 



1_[ i ll T e ~~_O_"_1_7.o.--..,_C_o_n_t_T d_G Date April 29th, 19M • _P_a..:....gc........~ __ ~_ 

I --
li·{i 1 1 Mech o Mill Re t Tn o Class i f . Surfa c e Mech 0 

1.1e sh Feed Val ue ]) is ch " Sand ;' Ove.rf l ow Factor Value 
. ~ Wto S oD .. 

,,1 

rlt .. 1:. H~. fa Wt .. S . u. 0 10 -- f 

+ Lt x 0 .. 05 = ..L. -
6 Ix 0 006 = '- - .. , I 

I 
8 Jx 0 .10 = -

10 

i--:e 0. 1 Ix 0 01 2 = 

1 4 0. 1 0.1 x 0 . 20 = 

20 Test 0.1 1. 2 0 . 25 - • 

28 No. 8 , 0 . 1 1 . 3 - 0 ~ 35 

35 0.1 1. 4 0 050 

48 
- 0 ... 6 4.5 I 0 .7 0 

65 1 ... 4 11. 1 10 00 

100 4 . 2 29.4 n.A 1. 40 1 1 . 

150 6.1 19. 3 5.9 2 . 00 '1 ... B 

200 A. '1 ~ . 2 8 .. 2 2 . 90 .aLB -

- 200 - 78. 6 .22.."l 87. 1 1 4 . 00 1219....4 

Total 27 ~O ... fr lOn.o lon,o Ove rfloVl l~h~ 1 ----_.-. __ . . -, -. 

Mill Feed Dry Tons per 24 Ho 1 ... 51i --- -
CLASSIFIER OVEHFL01:7 (Finishe d Prod .. ) TT TT 1T TT TT 

1 .. 56 '- ---- -
Return Sand TT 11 TT TT TT o 24 ._-_ .... , - -
Mil l Di scha r ge TT TT TT TT TT 

1 .An .-- - - -

Me ghani ca l Val ue of Cla ss if i e r Ove r f l ow Surface Units 1262 

TT TT TT Feed TT TT 
~7 

Crush i ng Work d one pe r Ton TT TT 
1225 - --

rT TT TT IT 24 Hou r s IT TT 1911 -
Crush . Work pe r H • P. (T 0 ta l Po VTe r to T.'Ii 11 ) TT IT 

3~2 

i 
TT TT TT H. P. ( Crush i ng PovTe r Only) IT TT .~ 456 -



Plus 
200 

Plus 
150 

Plus 

JCJO 
-" 

CHECK ON TEST ~ID. 1 
L _. • 

T = 222 x (0.661 - 0.169) - 222 
•• • 

(0.575 - 0.169) 

= 222 X 0.498 = 274 - 222 = 52 

0.404 

Mill Di80ilarge 
Classifier Overflow 
Sand Return 

214 oX O.51~ 

222 x 0.567 
52 x 0.159 

274 x 0.161 
222 x 0.165 

52 x 0.146 

274 x 0.122 

222 x 0.110 

52 x 0.237 

274 x 0.110 
222 x 0.053 

52 x 0.296 

= 274 lba/hr. 
= 222 Iba/hr. --

----
= 

------
--
--
--
------

52 l~o~J/hr. 

148) 
9) 

36.6} 
7.6} 

24.4J 
12.3) 

11.8) 
15.4) 

167 

157 

44.1 

44.2 

33.4 

36.7 

30.1 

27.2 



ClliXl., ~ ON TEST NO. 2 
I 

~ = 514 x (0.586 - 0.118) - 514 

(0.:393 - 0.118) 

= 514 x 9.468 _ 314 :: 634 - Z14 := 220 

Ulll D18cba%'ge 
Olassifier Overflow 
Retnm Sands 

-200 534 x .395 

514 x .586 

220 x .118 

Plus 5M x .161 
200 514 x .1'16 

220 x .115 

Plus 534 x .169 
150 314 x .151 

220 le .196 

Plus DU x .185 
100 514 x .080 

220 x .355 

------
--
--
--
------
------
------

~~ lba/hr. 
514 iba/hr. 
220 lba/hr. 

210 

184) 
210 

26) 

55} 
25} 

~·7\ - .. 
43) 

25) 
78) 

86 

eo 

90 

90 

99 

103 



CHECK ON TES~ NO. I 
.... _ pr ...... 

~ = 558 x {O.536 - O.l54} - 5~a 
F kL 

(0.431 - 0.154) 

:: 338 x 0.381 - ~sa ;: 465 - 338 c 127 
•• • • 
0.277 

Mill D1schs.rge 
Class1fier OVerflow 
Return Sands 

-200 460 le 0.451 
338 s: 0.535 
127 x 0.154 

Plus 465 x 0.160 
lOO 336 x 0.176 

127 x 0.117 

Plus 465 x 0.158 
150 338 x 0.152 

127 le 0.169 

Plus 465 x 0.150 
100 538 x 0.115 

127 % 0.288 

------
------
------
------
------

465 lbS/b:l:. 
3~8 lbal.hr. 
127 lbfi/hr. 

181) 
19} 

59.5) 
16.1) 

51.4) 
21.5) 

OO.g} 
~6.6) 

200 

200 

15.2 

75.6 

14.$ 

72.9 

10.5 

76.5 



CHECK ON TEST NO.. 4 
_E • . . J A" 

f III 220 X (0.640 - 0.190) - 220 

(0.575 - 0.190) 

= 220 x 0.460 - 2a> & 258 - 220 = 38 
• • 

O.za:1 

Mill Dlacbarge 
Classifier OVerflow 
ReWm Sands 

258 x 0.673 
220 x 0.640 
58 le 0.190 

----
------

258 Ibs/bz. 
220 lbs/br. 
58 lb,i/hr. 

141) 
7) 

148 

148 

Plus 258 x 0.l64 
200 220 x 0.166 

36:le O.U4 

--= 36.5) = 4.5) 40.8 

Plus 258 x 0-.127 - 32.8 -
150 220 x 0.118 - 26.0) -

38 x 0.163 - 5.8} 51.8 -
P.lu8 258 x 0.091 - 2.5.5 -
100 220 % 0.066 - 14.5) - 24.4 - 9.9) 58 :r. 0.260 -



CHECK ON TEST NO. 5 
• rt ) ..... 

• 

0.644 - 0.195 

= 195 x 0 .. 454 :: 194 - 193 .: 1 

0.451 

l,~ill DiBcharge 
C lassl:tier OVerflow 
Renrn. Sands 

= 194 Iba/J.a­
= 1 i5 lbtilhr. 

-200 193 x 0.644 
192 x 0.64'1 

1 x O.liS 

Plue 195 x 0.152 
200 1ge x 0.162 

1 x 0.109 

Plus 19S :x 0.108 
150 192 x 0.115 

1 x 0.161) 

Plus 193 x 0.010 
100 192 x 0.064 

1 x 0.294 

= 1 Iba/hr. 

-- 124 -- 124 
:: 

29.S 

- 20.8 -- 22.1) - -'~O 5 - l).2) t~N. -
- IS,!) -
== 15.41 15.'1 .. O.S} 



CHECK ON T~~ NO. 6 
I 

f • 188 la: (0.697 - 0.201) - 188 
- I • F 

(0.654 - 0.2(1) 

= 168 x 0.496 - 188 11 206 - 188 = 18 

O.45~ 

Mill Discbarge 
Classifier Overtlow 
Return Sends 

----
206 lbeihr. 
lJB Ibefltr. 
18 iba/hr. 

-200 206 x 0.654 
188 % 0.69'7 

18 x 0.201 

-- 135 
= l~l) If'l!t:. = 4) ~ 

PIU8 206 x 0.164 - :51.7 -
200 188 x 0 .. 155 - 29.5} - 51.2 

18 x O.lOB - 1.9) -
Plus 206 x 0.104 - 21.4 -150 188 x 0.101 - 13110} -

la x O.15( == 2.e) 21.8 

Plus 206 x 0.065 - 15.4.: -
100 188 x 0.044 = s.:>} 

18 % O.30Z - 5.5} 13.8 -



CHECK ON T~ NO. 8 

, = 156 x (0.807 - 0.218) - 166 
~. ":i!'. _e 

(0.756 - 0.218) 

= lti6 % 0.589 - 156 g 17'7 - 156 = 21 

0.::18 

Mil1Dlecharge 
Classifier OVerflow 
Return Sands 

-200 17';' x 0.736 
15~ x 0.807 
21 x 0.21S 

Plus 171 x 0.117 
200 156 x 0.113 

21 x 0.095 

Plus 177 x 9.014 
160 156 x 0.061 

21 x 0.165 

Plus 1" x 0.048 
100 156 % 0.018 

21 .. x 0.305 

• --

--• 
:: 

----:: 

--
--
= 

177 lbe/hr. 
156 lbs!.hr. 

21 lba/hJ:. 

126) 
41 

17.6) 
2.0) 

9.5) 
S.5} 

l~ 

100 

20.7 
19.& 

15.1 

13.0 



ClIECK aN T~~ NO. 10. 
•• F 

~ = 117 x (0.778 - 0.2(8) - 177 
....... • CAb. • £ .,.. 

(0.684 - 0.208) 

= 117 x 0.510 - 171 = 212 - 117 = 56 
0.470 

Y111 D1scbarge 
Clanifier Ot"er.f1.ow 
Retum Sands 

-soo 212 x 0.684 
177 x 0.778 

55 le 0.208 

Plus 212 oX O.l2? 
200 177 x 0.123 

~ x 0.106 

Plus 212 lE 0.087 
100 177 x 0.075 

$5 x 0.155 

Plus 212 x 0.062 
100 111 % 0.023 

S5 x 0.301 

--
= 

= --
~ 

------
--1& 

--
------

212 Ibs/}:a. 
177 Ibs/}l.r. 

So Ibelhr. 

145 
138) 145 7) 

26.9 
21.8) 25.5 
5.1) 

18.4 
15.5) 18.7 
5.4) 

15.1 
4.1} 14 6 

lO.a} • 



.. 200 

Piu 
200 

Plus 
150 

Plus 
100 

OHmK ON TEST Ita. 11 
..... I. _. ' .• • t d I. 

~ • 162 x {O.SO? - Q.225} - 162 
• • it! • .. 

: 162 x 0.582 -. 162 = 182 .. 162 = 20 
0..511 

LIill Discharse 
Classif'1e-r Qyertlow 
:R&tum Sands 

182 x 0-.742 
162 x 0.807 

20 x Oc.225 

182 x 0.121 
162 X 0-.111 

20 x 0.089 

182 x 0.068 
162 x 0.061 

20 x 0.145 

182 x 0.045 
162 x 0.020 

20 x 0.506 

--
--

------
----
1: 

----
;;: 

= ----

182 Ibsfta. 
162 lbel.hr. 

20 lba/br. 

l35 
131) 135 4) 

22.-0 
18.0) 
1.8) 19.8 

12.4: 
9.9} 

12.7 2.8) 

8.2 
~.a) 
6.1) 

9.5 



-200 

Plus 
200 

Plus 
150 

Plus 
100 

CHECK ON TEST lID. llA 
- = 

T = l66 x (0.855 - 0.2M) - 155 

(0.'158 - 0.234) 

: 155 le 0.621 - 155 = 184 - 156 = 29 

0.524 

M1ll Discharse 
Class1fier OVerflow 
Return Sands 

184 x .758 
155 x .855 

29 x .234 

184:x .108 
165 x .094 

29 x .096 

184 le .068 
155 x .041 
29 x .153 

184 x .043 
156 x .010 

29 x .294 

• --= 

------
------
------
= ----

184 Ibshrr. 
155 IbsZhr. 

29 1bs/hr. 

139 
132) 139 

7) 

19.8 
14.6) 
2.e) 1'1.5 

12.5 
6.4) 
4.4) 

7.9 
1.5) 10.0 
8.5) 



-200 

Plus 
200 

Plus 
150 

Plus 
100 

CHECK ON !PEST NO. 12 
R t-

T • 105 x (o.aoo - 0.225) - 105 
r 

(0.6'14 - O.~) 

= 106 x 0.652 - 105 = 141 - 105 = 4.2 
• 

0.451 

Ml11 Discharge 
Classifier OVerflow 
Return Sands 

141 x 0.674 
105 x 0.855 

42 x 0.223 

14'1 x 0.129 
105 x 0.094 

42 % 0.093 

147 x 0.085 
105 x O.04J. 
42 It 0.158 

147 x 0.059 
105 x 0.010 

42 :x 0.251 

------
11 

--
11 

--= --
= --• 
------

147 lba/bz. 
105 lb8~. 
42 Iba/hr. 

99.1 
89.8) 99.2 
9.4) 

19.0 
9.9) 
Z.9) 13.8 

12.2 
4.5) 10.9 
6.6) 

B.7 
1.0) 11.8 

10.8) 



CHECK ON TEST Ba. 13. 
I I 

T = 150 x (0.820 - 0.225) - 150 
• 

(0.758 - U.~) 

= 150 x 0.597 - 150 = 167 - 150 = 17 

-200 

1.«11 Discharge 
Classifier OVerfiow 
Return Sands 

167 x 0.758 
150 x 0.820 

17 x 0.225 

Plus 167 x 0.111 
200 150 x 0.106 

17 x 0.096 

Plus 167 % 0.065 
150 150 It 0.056 

17 .x 0.149 

Plus 16'1 lE 0.041 
100 150 le 0.017 

17 X 0.300 

------
------
------
--
a --
------

167 lb.ha. 
150 lbsZhr. 

17 lbslhr. 

122) 
4) 

15.9) 
1.6) 

8.4) 
2.5) 

126 

126 

18.5 

17.4 

10.8 

10.9 

6.8 
2.6} '1.1 
6.1) 



-200 

Plus 
200 

Plus 
150 

Plus 
100 

CHECK ON TEST NO. 14 
F 

~ = 159 X (0.824 - 0.234) - 159 
, T 

(0.777 - 0.254) 

: 159 x 0.590 - 159 = 173 - 159 • 14 
F 

0.645 

Mill Discharge 
Classifier OVerflow 
Retum Sands 

175 x 0.717 
159 x 0.824 
14 x 0.234 

1'15 x 0.105 
159 x 0.104 

14 .. % 0.095 

1" x 0.061 
159 x 0.086 
14 x 0.020 

l'1Z x 0.064 
159 x 0.027 
14 x 0.042 

----

------
= ----
------
------

173 lbsl.ta. 
159 lba/Pr. 
14 lba/hr. 

131) 
5) 

16.5} 
1.5) 

8.6) 
2.0) 

2.7) 
4.2) 

154 

154 

18.2 

17.8 

10.5 

10.6 

6.4 

6.9 



-200 

Plus 
200 

Plus 
150 

Flue 
100 

CHECK ON TES~ NO. 15 
j _54 

~ = 155 x (0.843 - 0.254) - 155 .. 

(O.181 - 0.234) 

: 155 x 0.609 - 156 = 1'13 - 155 :: 18 
I 

0.547 

»ill Discharge 
Classifier Overflow 
Return Sands 

1'13 x 0.781 
165 x 0.843 

18 x 0.254 

173 x 0.09' 
156 le 0.092 
18 x 0.091 

173 x 0.060 
156 le 0.049 

18 x 0.158 

175 x 0.039 
155 It 0.015 
18 x 0.311 

------
--
lit 

--
... -
= --
----
D 

• --:: 

175 lba/hr. 
1561bsZhr. 
181bsJbr. 

156 
131) 

4) 135 

16.7 
14.5) 16.1 
1.6) 

10.4 
7.6) 
2.8) 10.4 

6.'1 
2.2) 7.,0 
5.3} 



-200 

Plus 
200 

Plus 
160 

Plus 
100 

CHECK ON TEST NO. 16 

9:t = 154 x (0.851 - 0.221) - 154 

(0.'1?9 - 0.227) 

: 154 x Q.604 - 154 = 168.5 - 154 = 14.5 

Mill Discharge 
Classifier OVerflow 
Retum Sands 

168.5 x 0.779 
154 x 0.831 
14.5 x 0.221 

168.5 X 0.098 
154 X 0.100 
14.5 X 0.091 

168.5 X 0.062 
154 X O.05S 
14.5 X 0.167 

168.6 X 0.040 
154 X 0.015 
14.5 X 0.505 

------

• --a 

------
== ----
----
== 

168.5 lbs/hr. 
154 lba/hr. 
14.5 Iba/hr. 

131 
128) 

3) 131 

16.5 
IJ).4} 
1.3) 

16.7 

10.4 
6.2) 10.6 
2.4) 

6.'1 
2.5) 

6.7 4.4) 



-200 

Plus 
200 

Plu 
150 

Plus 
100 

CHEClf ON TEST NO •. 17 
d F 

'! = 13C ~ (0.8'11 - 0.22'1) - 1~ 
.-_ I Fill 

(0.786 - O.22?) 

= 130 lE: 0.644 - 150 = 150 - lZO :: 20 ••• • • 
0.659 

Mill D180harge 
Classifier Overflow 
Return Sands 

150 It 0.786 
lZO x 0.871 

20 x 0.227 

150 x 0.087 
150 x 0.082 

20 x 0.092 

1150 x 0.061 
130 x 0.059 

20 x 0.193 

150 x 0.042 
130 x 0.008 

20 x 0.294 

--:: --

• ---
----
• 

------
= ----

100 lbS/.hr. 
150 lbsZhr. 

20 lbs!hr. 

118 
113) 118 5) 

13.0 
10·'1)12 5 
1.8) • 

9.2 
5.1) 9.0 
5.9) 

6.3 
1.0) 6.9 5.9) 



5
,...., 
~, . 



GENERAL LOG OF TESTS 
• 

fen No. 1. -
Desired Cond1tloD8:-

Kill R. P .L--28.5 

Feed.-220 lujhr. 

_iaturG in .mlU--SO'$ 

After the mill had been rl1nni118 a.pproximately one hour samples were 

oommenced of th& Ol~881fler overflow. mill 418charge ft and return 

!he first sample showed the cirouit had not 7.-t been buIlt up, so no 

further eamples were taken for two hours. 

The last two indicated that a ba.lance had been established so the test 

was concluded. 

Test No. 2. This followed No. 1 immediately. 

It was decided to raise the tonnage in order to determine the Capacit7 

of the mill at the same speed. 

Conditlons:-

Hill R.P ••• -2B.5 

Feed--3l6 Iba/hr. 

!iaolsture in m111-~ 

L.S. ratio overflow-5sl 

A.pproximatelyan hour was allowed before sampl1n8, which was then carried 

out tor tour hours. No satisfactory results could be obtained the 

overflow varying from 276 to 347 Iba/hr. of sol1-de, and no balance 

being reached. 

Therefore it was decided that the l1quid: solid ratio was too high. 



Teet No. 3. b. _ 

~he L&S:ratio was therefore reduced to approximately 2,1 

OonditlonsI-

Fee4--325 lbe/hr. 

~lsture in mill~ 

LaSs ratio overflow 2:1 

There was again a grea.t unevenesB shown in the overflow samples. 

Therefore it was decided to 'take tub samples of the overflow 

pulp_ !!wo tub samples were taken at the sane time as one 

trom the sampler. The .. immediately showed that there was a 

very uneven discharge from the mill, consecutive oomples, taken 

tor seven minutes each. .bowing a variation in the amount of 

solids of as much as 40 Iba/hr. 

Further the amount of oversize increased conaidera"'uly, averaging 

about 28 lbs/lrz. 

Thia indioated that the mill must be over loaded. 

Teat ~1o. 4. 
* 

The feed rate was therefore d.ropped. considerably. 

Con41tione,-

Fee4-225 

~ o~ moisture in m111~ 

L:S: Rat1o-2.1 

After a long preparatorz period samples indicated an approach to a 

state of balance, but there still seemed to be a certain amount of 

uneveneas in the flow. It was deoided that the mill wa.s etill 

slightly overloaded and that a drop of about 25 Iba would probably 



giTe the capacity-point of the mill. 

The oversize had been reduced to 4 lba/hr. 

~at No. 5. 

CODdl UOl181-

Feed.-l9? lbs/lrI 

% ot mo1sture in mUl~ 

L:S, ratio oYerflow--2:1 

After two preliminary overflow samples, which gave low results. it 

wae decided. tbat there was something seriously in erro r with the 

The balance ot the test was spent in taking tub samples of the whole 

flow from the classifier overflow. 

From nine tubs taken. the average amount of solids was 189 lba/hr. J 

but the extreme amounts were 158 and 222 Iba/hr. 

The average ~a,-~ only three pounds l~ than the actual. fe6d rate les8 

the oversize. Therefore it was considered that an approximate 

state of balance had been reached. but that there -wa.s some cond-

it Ion causing a very uneven discharge from the mill. 

Test No. 6. 
e 

It was dftcided to run another teat similu to No. 5 with a careful 

check Being maintained over ~11 the operating details. 

Iiowever_ the results were very similar to those in No. 5. 



Ibr1Dg this test It was noted that the litters on the quick-discharge 

end of the mill were not rtmotlon1ng properly-

~e mill was taken down and thi& condition adjusted. 

Further it was decided that there was not sufficient moisture in the 

JIlill pulp an4 this was raised from --Sf1/, to 40 ~ in subsequent 

testa. 

At this '1me l't was decided to build the Classifier OYerflow Control 

Tank. Iaprovements were made in this after Teats 'I. 8, and 9 

had been run. It proved to be an addition to the plant or the 

greatest value. 

Test- No. '1. 

This test was of no value. as 1t was found that the handle on the 

motor control switch had been shifte4 to a tap other than that 

desIred. 

Test No. S • 
• 

Oond1tions:-

Mill R.P.K.--39 

Fe64--155 Iba/hr. 

10 of moisture in mill .... 

L:SI ratio ovsrflow-2:1 

In this teat ,he speCfll. was raised to 59 R.P ••• 

A balance was reached and satisfactory results were obtained. 

Test No. 9. 

CondltlCJ1S;-

Mill R.P.H.--59 

Feed--169 lbS/hr. 

~ at moisture 111 m111--4:OJ& 



L:St ra.tio 2:1 

The feed rate was raised a bit in this teat. 

Satlstactol'J' results were again obtained. 

Test No. 10. 
I 

Condit1ons:-

Kill R.P.L--59 

Feed-177 Ibs/hr. 

LIS: ratio overflow--2:1 

The teed rate was a.ga1n raised somewhat. Fa.1rly satla£actory 

reaults were obtained, but there "at: some avid,once of over-

loading. 

Test No. 11 &, llA.. 
• .:zti 4 

These were run under similar conditions to No. 10. except tha,t 'the 

teed rate was dropped to 161 Ibs/hr in No 11 and 161 Iba/hr. 

in No. 10. 

This wae done in an attempt to determine the point of maximum 

capacity at a speed ot 59 R.P.li. tor the mill. 

Test No. 12. 

Atter completing No. 11A, the pulleys on the mill and motor drives 

were cbaDged to allow of greater ~ee48 of rotation for the 

mill. 

On starting 'fest No. 12 at t\ speed of 44 R.P.;':. it was found that 

the grate of the mill was c'j~lpletely pl~. 

After cleaning the grate it was decided to run one more test at 

28.6 R.P.M. to see if the grate had been partly plugged in the 

preylous tests at 39 R.P.~;:. Therefore. the fiDal conditions tor 



Test No. 12 were;-

Mill R.P.M.--39 

Feed--112 Iba/hr. 

~ of moisture in m111~ 

wSs ratle--2s1 

!he feed ratll was dropped considGrabl,- to make sure that the mill 

would not be oyerloatled, 

~est No. 13. 
. . 

This was a check on No. llA and gave satisfactory results. 

!lest No. 14 • .. 
Condi tions:" 

'l'~"ll ":. P u $ 7 M ~ ~~ •• .wo •. 

Feed--16-9 lbs/ttr. 

% o~ moisture in mill.....w% 

The speed. VIM raised to 44 a.F.lL. the other conditions being approx-

tmate1, the same. 

The reeul t 8 were good. 

'lest No. 15. 

Similar to test No. 14 only the Mill Speec. was raised to 47.6 R.P.M. 

Results good. 



Test No. 16. 
J j • 

Conditions approximatel,. similar once more. except that the mill speed. 

was again increased this time to 62 R.P.M.. 

A bal ance was nearly reached, but there seemed some evidence of overloading. 

Teat No. 17. 

Therefore. the feed rate was dropped oonsidera.bly and the results then 

obtained were good. 



60. 

PHO~OGRAPRS 
• 



:B - Ball 11. 

C - Classifier. 

H - Hopper - Ore Feeder. 

No. 1 

r - Conveyor Belt - Ore Feeder. 

o - Cl Hifler OV'erClow Control Tank. 

S - Automat1e Samplers~ 

V - Cal1'br too Valve on Water Supply. 



• 2 

ORE FEED HOPPER " 

Showi the into 

the mill, thG 0 operated fric­

tion roller hich drives the 

conveyor belt, and the driving 

mechani of the cl s ifier. 

I 

• 

rging 

floor the hopper by hich 

the ore i fed nto t c n­

veyor belt. 



l 
J: o. 4 

CONTROL APPARATUS AND BELL Bn.AKE 

(a) CONTROL APPAF ... TUS. 

Upp r Panel, 1 it torlght:-
T • 

(1) to switch ith variable esist ce of 

36 taps in series. 

(2) ~in i toh in po· er line from VI r house. 

(3) S llar e 1st · ce of 2-1 taps in erles ith motor 

tarlu tch for fine adjustments of motor p &d. 

(4) Thonlpson integr ating wattmeter. 

Undem th Panel- -

(1) Two v ria le res! tees, in series in the inco ng 

po er l1n , for control of volt to the mo or. 



OIl U. Tablet-
I • , J'.", •• ' 1 '. b 

(1.) Tol~er. 

lb,BKIJ, BRA..U. 

Note the brake. 'baa4. l .... ~ aaa aD4 Male, alao the 

tine eern a4~ tor app~ 10848 aa4 the VAter 169h:1 

lnaide the 4roa of the Dfttke tor oool1ag. 

The Brake 18 connecte4 41hO'i17 to $he .,tor. which 

4oe8 'DOt &how in the pbo~. 



Auto ~ c 5 pler 
and 

Ce rifugal <Ao .;p. 
1 rt 

~O . 5 

ThIs sampler ls t the 

discharge en (}f the mill. 

The pump delivers the 

pulp t the classifier. 

Au 0 ti Pes r 

• 



Ok\SSI IER OVERFLOV CONTROL TANK 

C - Control. tank. 

A - Air line. 

V - ate valve ith screw eontr 1. 

- Sampler. 

u - W tar gauge. 



SHOWIliG BEIaATIQB OF OVERFLOW ComROL TANK 

TO LL CLASSIFIER 



• 8 

1 

te th circular framework at the- ottom of' the hopper for 

carry1n . ~ "dusting"; also the space in th 

p fo c rryin one b ~ set on the scale • 

IP_ 0 e foot vertical col -' through hioh the ore is fed 

into t e hopper -does not sho in he photograph. 



No. 9 

- Ten CWll1f>'CiLji, mente are uilt inside this eireul box 

~lt t - C - 1~1ng out trom the • 

s '. ~i e ... elivering the ore . 0 the 

ompa.rtm n: -s. 

l:! - dla for op iug the gate al ve to 11 the ore 

o f1 . from the hopper to t e epo t. 
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