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OF
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The main problem of this investigation was the influence of
variations in the speed of rotation of a ball mill on the
crushing efficiency. For this purpose use was made of a
3' Marcy Quick-Discharge Mill,

The maximum efficiency was found to be about 39 R.P.ll., in close
agreement with the claim of the manufacturers.

The range of speeds for the more efficient tests was from 39 to
52 R.P.M., with relative mechanical efficiencies of about
700 to 456 surface units respectively.

An increase in the speed of rotation, over the range invest-
igated, was found to cause a decrease in the grinding

efficiency.
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L. CDUCTION
A study of the literature dealing with ball milling, a part
Bibliography of which is given in the Appendix, leads to a
first eonclusion that considerable research has been undertaken
on this subject. However, on closer study, it is 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 part of the literature is devoted to the develop~
ment of mathematical thecries of crushing and their approval
or condemnation; in the second place much of the practical
work performed in laboratories has been done with i.zdequate
equipment, that is if the results are to be applied to actual
milling practice. Small laboratory mills with batch charges

cannot be expected to give counditions approaching those in a

full size mill with continucus feed and discharge.

It must not be thought that the writer is condemning one and all of
the investigators in this field; far from it. Some excellent
work has been done and much useful information has resulted;
but he does feel that only one systematic study haz been made of
ball milling in all its phases and along lines that will producs

concluzsions of wvalue to the milling fraternity.

This has been done by Messrs. Gow, Guggenheim, Campbell, and Coghill
whose paper has been published recently by The aAmerican Institute of

Mining and Metallurgical Engineers as Technichal Publication Ho.
517, "Ball killing".

The work was done under a cooperative agreement between the Mississippi
Valley Experiment Station of the United States Bureau of lines and

the Missouri Sehool of liines and Hetallurgy, Rolla, issouri.
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A thorough study of ball milling wos made under favourable conditions,
with investigations made in the plants of two large mining

digtricts combined with the resulits from lasboratory tests.

In the paper it is claimed that a gﬂigot mill could be used %o
forecast the work of a commercial mille This may beso,
and, if true, establishes the %ﬂfbo% mill used at ilcGill
University as a very desirable one for thse same purposee
It supports the contention of the writer that anything

smeller than & 2 foot mill is liable to give erronecus

————

resuits.

In 1932, before thies paper by Gow et al: wes published it was
decided at MoGill Usniversity to undertake a thorough invest-

igation of bsll milling in relation to all the variables.

The plent was erected in the summer of that year and work was
started on the investigation which it i1s considered will
teke several years. As the work procesds it will be intereste
ing to see how the conclusions arrived at compare with those

presented by other investigators, particulary the most recent.

A practical study of grinding in ball mills must be based on the
grinding capacity and efficiency of the mill, and only useful

grinding can be considered.

The basis that immediately suggests itself for such a study is one
in which the operating variables are considered one dy one in

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

easy matter to sscertain the effect of each varisble in tum
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on grinding vy maintaining all the others constant. However,
on closer observation, this is found to be more difficult on

acscount of the fact that some of the variables are induced.

point is very well brought out in the paper on "Ball #illing"
by Gow et al; referred to above, and the writer is so convinced
of its bearing on the subject that a section from that paper

is presented in full.

OPERATING VARIABLES IN GRINDING

"Grinding capacity and grinding efficiency are the ultimste
values which interest the operator and which must be increased,
either separately or together as the cace may demand, so that ball

milling may be improved. Capacity is expressed in surface tons

~ per hour and efficiency in surface tons per net (or gross)

horsepower-hour, In each case, only useful grinding is evaluated;
the calculationsa are carried down to0 a limiting size deyond which
additional grinding is unwarranted. The limiting or "useful"” size
will vary with different plent requirements, ovut in this invest-
igation two sets of calculations have been used, those through
65-mesh and those through 200~-mesh. Since the method of making
these calculations has been discuassed elsewhere, no further explan-~
ation is necessary here.

All the operating variables affect the capacity 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 variables are those that are not changed by

other operating conditions and include the size and design of the
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mill, the size of the discharge opening, the type éf lifters,
the speed of rotation, the amcunt and size ¢f the ball charge
and the type of feed. Also, the feed rate, the sizing analysis
of the feed, and the pulp dencity generally may be considered
iv this class.

On thse other hand, the induced variables are such factors
as the amount of ore in the mill, the loucation of the center
of mass of the ball-end-pulp charge, the amount of slippage,
the power required snd, in ¢losed-circuit grinding, the type

of the circulating load.

A varistion in one of the set varisbles nizht tend to
produce a certain change in the cspecity or efficiency of a
mill, but also 4t might result in changes in an induced variable,
which would elither megnify or diminish the primary tendeﬁey.
were it not for these induced variables, the investigation of
ball milling would be a simple matter; the different set
variables could be studied to find the conditions of best speed,
of best mill volume of balls, of best circulating lead, and so on.
However, both plant practice and laboratory work have shown that

such a test procedure is not comprehensive."

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

During the Sesaion 1932-33 at iicGill, efforts were concentrasted in
perfecting the mechanical equipment of the installation. It wae
found that many changes were necessary and that considerable
attention had to be given to the establishing of esomplete control

over the many varisbles.



5,

Complete Getoile ¢f thir vwork ere glven ir ¥Fr. ('Sheoughneesy'n
thesis for that year.

Only three teste were run, based on the effest of the spsed of
rotation of the mill on the officiensy of zrinding. o conelusive
results were ocbteined, g0 it was decided that the same basis should
be used for the tests in the Session 1933~34, which work thieg paper
deals with.

It was found thet many minor changes had to be made in the then present
egquipment, as well as several sdditions to the plaut.

A list of the equipment follows:
{Detailed description will be given of that which was new during
the pericd covered by this report; the other apparstus is fully
desoribed in Hr. O'Shaugnessy's work and is reprodused here in

part. }

GRINDING PLAI :(ND BQUISUIM

(1) Power equipment:

{a) De C. power line from the University Power Plant,
et approximately 220 volts.

(b} A. Thompeon integrating wattmeter (G.E.Co.)
permitting direct reading to within 10 watts and
estimating to  watts of the power consumption.

{e) A voltmster and an ammeter for direct sight
resdings.

{a} A 74 h.p. English Elegtric 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 main gear on the mill by a pinion.

{e) Line voltage resistances for controlling the voltage
delivered to the motor.

{f) Pield remistance for controlling the speed of the

motor.

(2) Milling plant:-
(a) A Marcy ball mill mede by Mine & Smelter Supply Co.,

Denver, Colorado, with a feed scoop and quick discharge

grid. The mill is mounted on trunnions.

(v) A Denver Classifier.

(¢) Centrifugal pumps.

{d) An automatic pressure grease gun delivering grease

t0 the main mill dbearings.

(e} Three sutomatic pulp samplers, one for the mill

discharge, one for the classifier return sands and one
for the classifier overflow.

(£) 011 conteiner continuously oilin, the gear and pinioa
drive on the mill.

{g) Water supply from a constant level tank with adjustable
feed valves.

(h) Overflow Control Tank. (Classifier)

{(3) Ore feeding equipment:-
{a) A hopper for feeding the ore through a feed box onto

(b) An ci:dless rubber belt conveyor delivering the ore

into the mill.



{3) Continued
(¢} A mixing machine for preparing the ore after crushing
and screening so that a more or less uaiform feed may be

delivered to the mill,

(4) Mechanical equipment:~

{a) BElectric revolution counters registering the forward
travel of the feed-belt, the revolutions of the mill and
the strokes of the classifier. A push-button tally is

also provided.

{b) Mechanical speed ocounter, connected directly to the
motor, for reglietering the revolutions of the motor.

{c) A Bell Brake - This is a mechanism consisting of brake
band, lever armms and a bslance and is used for the measure~
ment of applied brake loade in ascertaining the power output

from the motor.

{6} Miscellaneous equipment:-

(a) Vacuum pump and filters.
{b) Air compressor and lines.
{e) Graduated sampling beakers.
{d) Scales.

(e} Drying ovens.

(£) Buckets and Tubs.

(g) Bell Screening Machine with Tyler Standard screens.
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ESCRIPTION OF PLAIT AND noULsiom

Power Control.

The power line in the lasboratory comes from the University power
house and is direct current usually delivered at 224 to 228
volts depending on the line load which fluctuates widely
during the day. 1In order to be certain of the efficiency
and speed of the motor it was found necessary to keep the
applied voltage constant during the tests. To do this two
variable resistances of .036 ohms each were inserted in
series in the incoming line. They each have 24 taps.

For light loads a Jurther 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 voltmeter indicated the voltage and the controls were

shifted manually.

Power measurement.

With the voltage constant sight-power readings could be obtained
with the ammeter. During all tests power consumption
was measured with a Thompson, integrating, D.C. wattmeter.
The test needle on the meter was replaced by & larger dial
which was graduated and thus facilitated reading the meter
accurately. The wattmeter was examined and tested by the
electrical depertment. It varied less than 1. of the true
reading at the end of cne hour's use. This correction was

not made in any of our calculations as we are principally
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intereasted in motor output which we determined acecurately.

Motor.

The motor was designed and built by the English Electric
Company. It is compound, with a continuous rating of
S0.6 amps, 220 volts at 625 r.p.m.

The speed is controlled by two varlable resistances in series.
The smaller resistance has 36 taps and the largez 21 taps,
two taps on the larger having about the same effect as
the total smeller resistance so that a very fine adjust-
ment of epeed is available. The resistances cut the
field current from 1.5 t0 0.2 amps with a corresponding
speed range from 640 to over 2000 r.p.m. at light loads.
The motor has a cooling fan attached to ite shaft. This
vermits good cooling of the windings and the temperature
of the machine under load beeomes and remains constant

after a short period.

The Bell Brake.

In order to determine the ocutput of the motor for any input, the
armature shaft was permanently connected through a flexible
coupling to a Bell brake. The brake consista of the usual
brake drum with a steel shaft mounted in ball bearings.

The braking load is applied by winding or lapping a canvas
belt, which has besen spaked in oil, on the drum. Oneend of
the belt is attached to a system of levers, the other passes
around & portion of the brake drum, over a roller, whiech
can be shifted to any position about the drum (hence lapping

or unlapping the amount of belt on the wheel), and is attached

t0 a lead weight hanging freely. The roller which controle
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the belt lap is operated through a worm gear so that very
minute changes in load conditions can be made. In using
the brake the tare of the belt and weight is obtained and
this welght substracted from the weight recorded on the
balance. The drum is cooled by a continuous stream of
water, from s constant level tank, which is directed inside
the drum. It flows to the edges, around the inside of the
braking surface and is scooped out by a pipe, adjusted close
to the inside periphery of the wheel, and run to waste. The
sdvantages of this type of brake over others 1s its extreme
sensitivity and smoothness in applying a load which can be

kept constant for long periods.

§§9ed Reduction Drive.

fhe motor haes a 53" paper pulley on the armature shaft. It drives
e 4-ply endless rubber belt running on the 24 inch wooden
mill pulley. This in turn drives the countershaft and pinion
with 15 teeth and the main mill gear with 91 testh. Both gear
and pinion are kept lubricated with oil as the gear dips
congtantly into an oil reservoir. Both are protected from
dirt and grit by a metal cover which also prevents oil from
sprayling about the laboratory when the mill is operating.

The belt is kept in uniform tension by a counterweighted idler
pulley or belt tightener.

The pulleys on the motor and the mill are replaceable by ones of

different diameters.
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Ball mill. (See Photograph No. 1ll.)

The dall mill is three feet long and averages 24.04" in diameter
inside the liners. The liners are of manganese steel, wave
type, with 6 longitudinal waves. The height of the wave
crest above the trough is 1.06". They are made in 6 pileces

and are bolted to the mill shell. The feed scoop is of a

standard type with a spiral conveyor through the main trunnion.

The mill is equipped with a Marcy quick discharge grid. The
weight of the mill is carried on the two main trunnions which

are mounted in babbit Jjournal bearings kept constantly lubricated

by grease from an automatic grease fesder. The total weight

of the assembled mill snd liners is 37250 lbs. Fascilities are

arranged =0 that the mill can be lifted out of the bearinge and

lowered %0 the laboratory fleor where the end of the mill can
be removed for any necessary internsl sdjustments. The mill
is egquipped with a small man hole through which the dall load
may be put in the mill.
The weight and location of the scoop feeder czused 2 fluctuation in
the amount of power drewn by the mill during itc revolution.
The szcoop weze counterbalanced by sttaching lead welights to the

main gesr. The power drawn by the counterbalanced mill wss

quite stesdy.
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Continuous Grease Feeder. (See Photograph No. 5.)

The grease feeder for the main mill bearings consists of a large
¢ylinder coantaining a piston, piston rod and . necessary
packing.,. The piston rod is threaded and hag a stop catch
key which prevents it from rotating when in place. ‘The
rod passes through s threaded wheel driven by a& worm gear.
The worm gear 1s operated by s speed reducer which in turn
i= driven by a large pulley counected by a leather belt to
a small pulley on the mill countershaft, The overall speed
reduction of the feeding arrangement is 2000=-1.

The cylinder is filled with grease by pulling back the piston to
its extreme position, ( removing the key mentioned above in
order to do this ), attaching a hose from a vacuum pump to
a pipe on the side of the eylinder and drawlng grease from
a container by means of the suction. When the gun is filled,
necessary piping is replaced and the mill started. The
slowly revolving threaded wheel forces the rod and the piston
forward displacing the grease which is forced through piping
to the incoming side of the Jjournal bearings. The cylinder
when charged is 7" long and 4" in diameter. Such a charge at

about 80% critical speed lasts 60 hours.

DischagggﬁSsreen.

The discharge end of the mill is fitted with a circular screen {3 mesh]
%0 take out large pieces of rock from the discharge. fThese

might 4interfere with the pump if left in the circuit. The screen
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is washed with a continuous spray of water from a constant
level tank. The water has a dual purpose; it keeps the
screen opsn and washes most of the fine particles of crushed
rock off the oversize which is discharged by tae screen.
Pump. (See Photograph No. 5.)
The mill discharge mixed with a regulated amount of water is

pumped to the classifier by a standard 13" centrifugal pump.

Classifier. (See Photograph No. 1l.)

The classifier is a recent development brought out by the Denver
Equipment Co. It consists of a rotating drag in an inclined

box. The drag ie a2 half section of =& low pitch spiral; and

hags a reciprocating motion. During the down stroke the spiral

is clear of the sand and water but on the up stroke it helps
move the sands up the incline. In effect, the operation is a

combination of Dorr and Akins prineciples.

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

The conveyor feeder consists of an endless rubber belt driven by a

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

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

controlled by adjusting the amount of movement the cam imparts to

the lever arm. This i1s measured by a vernier attached to the
arme

The belt is loaded from a small hopper with a fixed opening. Felt
pads under which the belt passes at the edges keep a feed of

uniform cross section and prevent losses. The spilll-way is
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directed into the feed reservoir at the feed end of the mill.

Automatic Samplers. (See Photograph No. 5.)

The samplers used t0 check gquantity and quality of pulp in the mill
eircuit were developed in the ilcGill lsborstory. As origin-
&ally designed thgy consisted of a discharge pipe sloping at

e

an angle of 45° which was rotated by a motor throuzh a womm

gear drive. 1In the circular path which the discharge end of
the pipe made & radial cutter was placed. The cutter open-
ing was made 1/60 of the area of 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 steady flow of water which
could be varied &t was found that the portion of the total
water retained by the sampler varied from 1/36 to 1/44 depend-
ing on the flow of water.

A study of the elemental egquation representing the mathematics of
the system verified the fact that the portion should be 1/50
but it also indicated that in the sampler as arranged the time
factor {during which the sample was procured) was s function
of the flow of water and that this was disturbed due to the
relative oseillation of the water in the discharge pipe. It
was felt that if the distributor was made narrower and radial
the time factor would then be practically independent of rate
of flow. A radial distributor was made and the results then
varied from 1/41 to 1/44. The variation was traced to a
diatﬁrbed 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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badility the differerncs ir due %o the thicknese of brase about
the eulter opening ~ diverting ao extra ssount of sater theough

the opaning.

017 e

Eater O

ater iz sldad %o the circuid by thres pipss lesding from a constsat
leval fank, ons o the =ill, snother %8 the hesd of the clsesifisr
&l o thisd 5 the »nill discheyss. The ends of the pipas in the
ferd avs sorosast over $0 kespy osud farsisn wattsr. Calibrsted
vé}m ziloy the somtrsl o€ the water $0 within a few nounds on
hoar.

ALlr ventse ara $sken sut from the elbows iu the pipes and hy menns of

pet eocks the entrayped air may De removed from time to time.

Feed Heopegs (See Photograph No. 3.)

The rock is fed to a =mall, ecircular hopper from whioh I% drose direct=
1y to a oaall box built over the eonveyor beite There iz s
cleaxsnce betwsen the mein hoppex end the feed box 50 that
the fesd presoure on the tzli is more or less independent of the
apeunt of rook S €he emin hopper.

Becorders. (See Photograph No. 4.)

The otoy iz direetly connected %o a zpeed ccunter - a worm Zear and
gradusted wheel oparsiing s Crosty recorder. The classifier,
»ill snd sonveyor fecder have maks snd byreak contacts on them.
The revolutions or strokes sre recorded by sagnetic recorders

presented to the department. The csuniers reguire adbout 27

volte for steady opewation. Four 28 volt lampe were connected



16,

in series, three being used to illuminate the recordsrs and
the circuit being tapped off across the fourth, msking a very

satiafactory ecrrangement.

Feed Cover.

The feed scoop had a tendency to throw the feed about the laboratory

at high speeds 80 it was enclosed with a metal cover.

Classifier Overflow Control Panik.

This is skown in Photograph No. 6

It wag devised to overcome the effect on the asutomatic sampler of
the uneven discharge from the mill eand thence the overflow from
the classifier; aleo 40 provide some measure of the stute of
balance of ths eircuit.

The pulp from the mill discharge is pumped to the intake of the
clessifier. The overflow from the latter goes to this
dverflow Control Tank. It paszses throusgh a fine screen and
then through a 6" oylindriesl tank to a circular cone, the
bottom of which leads into a 3/8" pipe, 9" long. To the bottom
of this pipe is attached o gete valve with a fine screw sdjust-
ment, which allows the pulp to be kept at a more or less constant
level in the upper tank.

After passing through the gate valve the pulp flows through the cutter
of an sutomatic ssmpler. The upper tank is provided with an
overflow as ghown and with windows. The bottom of the conieal
tank is Joined to the pipe column by & unioen jJoint. 4n air

line enters this joint s0 that air mey be blown in the bottonm



17.

of the tank for sgitation purposes.
& small pipe joins the pipe column near the bottom. To this is
attached & water gauge so that the pulp level may be accurate-

ly measured.

Ore Mixer.

This machine wss made in the laboratory and was designed to provide
a mechanical mixer for the purpose of’produeing as near ag
possible a "perfect"” mix so that the feed to the mill should
be of a constant charscter.

The underlying principle of the machine 1s that of cutting and the
kernel was mede up from the mechanism of a spare revolving
sampler, similar t¢ those in uge with the ball mill, the cutter
being replaced by a feed apout of 1" pipe.

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

A circular box 12" in diameter was made out of brass sheet.

vWithin this box wes soldered a circular partition and the space
between the outside wall and the partition wae divided into ten
egual compartments. An opening was allowed from each of these
compartments and chutes 1" square were attached at an angle of 45°
to carry the rock from the compartments to bags or boxes, as
required, standing on a revolving wooden platform. An inlay was
made in this platfom to earry a scale as shown in the photographs.

The ore is fed from an elevated platform into a vertical pipe 1 ft.
in diameter. A% the botiom of this pipe an inverted cone was

placed, set in a hopper. This was for the purpose of sleminating
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any classification of the rock. The hopper feeds directly
into the mixer through a 1 1/8" pipe to a slot gate and thence
by a 1" pipe to the spout of the mixer.

When in operation the vertical pipe and the hopper are kept full
right up to the charging floore.

The flow of the ore is as follows:- +through the vertical pipe onto
the inverted cone, and into the hopper; thence, by opening
the gate, it flows into the spout of the mixer which is being
revolved by an electric motor; the spout delivers it into
the ten compartments from whence it slides down the chutes

into boxes or bags.
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DISCUSSION OF CHANGES MADE IN PLANT AND EQUIPxINY

The experience during the previous year showed that considersable
work had been necessary to prepare the plant for making tests.

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 further changes, details of which follow:~

Water Supply.
Some difficulty had been encountered in obtaining a aatisfactory

control and calibration of the water supply so it was decided
to overhaul the whole system.

Previously two lines had been taken from the big conatant level tank
and a third from a smaller tank. All three now come from the
big one. The iron pipes used were considered a source of dirt,
causing blockages in the valves, 80 they were replaced by brass
piping throughout. Further, the tank was thoroughly cleaned
out and the intakes of the pipes for the water supply were screened
over.

New slot valves were made with smaller slots than previously so that
more accurate calibrations could bde made.

The three valves were accurately calibrated, as was thought; but, after
running several tests, it was found that the flows at the beginning
and end of the tests were not the same. At first it was thought
that particles of foreign matter were causing the difference; however,

a8 check-up of the system did not correct this condition. So it
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was decided that the cause was entrapped air. To eliminate
this the upper elbows in all three pipe lines were tapped
by means of small brass tubes leading to pet cocks. As the
alr accumulated in the upper elbows the pet cocks could be

oponed for a short time and the air draemn off.

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

fairly satisfactorily. The beginning and end flows rarely

varied to any great extent.

It 15 considered that the water supply system, as it exists to-day,

is in a condition that allows of satisfactory control.

REVOLUTION COUNTZRS

Some slight alterations were made in the make and break contacts of

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

All these contacte are now single action, dbeing operated by a cam

making one contact as follows:-

(a) for each upward movement of the friction roller arm operat-
ing the belt conveyor.

{b) for each revolution of the mill.

{c)] for each forward raking movement of the classifier rake.
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Ore Feed Hqgggr.

Originally the hopper was pyramideshaped. It was found that this
caused considerable classification of the rock, the fines tending
to accumulate in the corners. This condition was aggravated
by the hopper being fairly large. ‘Therefore, the hopper was
replaced by another one much smaller and conical in shape.

This improved matters considerably, and was helped by the

addition of only from S0 to 40 pounds of ore at a time.

Mill Discharge End.

In the early tests it was found that considerable "gulping" took
place in the discharge of the pulp from the mill. 1In trying
to improve this condition it was discovered that the lifters
on the quick-discharge end of the mill were not throwing the
palp out as they should into the discharge trunnion. Instead
of falling into this trunnion, a good deal of the pulp was
running round the edge of the lifters and back into the well
on the cutside of the grid.

In order to correct this, an extension was built onto the centre of
the lifter section 20 that the pulp dropped well out into the
discharge trunnion. \While this did not solve the problem of
the uneveness of the discharge, it is probable that it helped
somewhat t0 do so and it at least eliminated one of the possible
causes. Further, with the added extension, it was found possible
t0o thrust a pan under the 1lip and thus obtain a fairly represent-
ative sample of the moisture content within the mill.

It would seem that there is some fault in the design of the lifters
or the Marcy ball mill, because, even with the extension that
was added, there was a considerable run-back of pulp into the

discharge well of the mill,
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Classifier Overflow Control Tank.

As has been mentioned before, the flow of pulp from the mill was
vory uneven., This uneveness was transmitted to the overflow
from the classifier and gave erroneocus results from the
sutonatic sampler. One gulp 00 few or too many in any given
time caused a conslderable difference in the readings on the
graduated flasks in which the cui samples were collscted.

In order to overcome this difficulty it was decided to alloé the
overflow to feed into some sort of a settling tank, the flow
from which could be controlled. First of all » small cone,=-
9" long, 6" diameter at the top and 1;® diameter =t t he bottom,-
was tried. It wag found to be too short for suitable control.
The length =7 pipe between the bottom of this tank and the
sanpler was then incressed, but it was etill found unsatisfact-
ory. Finelly a eylindricel tank a foot in length was super-
impomed on top of the conical tank and this combivation was
found to be better.

Refinements were added which enabled a very good control to be
obtained. These inciunded a screcn at the top of the oylindrical
tank; an air line for agitation st the bottom of the conieal
tank; and a water gauge attachment fixed to a graduated scale
which served as an excellent indicator of the pulp level.

As has been described elsewhere, the slot valve was controlled by a
sensitive screw adjustment, =sllowing very small changes to be
nade.

This apparatus is considered a very important addition to the plant.
With careful sttention, sn even flow to the sampler can be main-

tained. Further, the water gauge supplies immediste evidence
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of any change in the discharge rate from the mill and

was found very useful to indicate when the circuit had

reached a state of balance.

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

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

great value.

Ore iixer.

In preparing the rock for the tests it was crushed, screened

and baggeds 1t was thought that this would provide a
fairly uniform feed. However, the first five tesats
showed that this was not so as evidenced by the varistions
in time taken for 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 esch side of the average feed rate.

At the conclusion of this test the mechanlism of the feeder was

This

thoroughly checked and tested, but still gave wide variations.
Therefore, 1t was decided to study the effect of mixing the
feed. 1,260 pounds of feed were cut in thirty two parts

by hand on the riffles and used in Test No. 6. An immedlate
improvement was seen, variastions in feed rate from the
different boxes being much slighter. 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.
brought about the decision to make & mechanical 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 mixer, it was decided to determine how many
passes through the machine were necessary to ensure good mixing.

Before starting, four bage of the crushed and screened product were
taken at random and sampled. Sereen analyses showed very uneven
nixing, especislly on the coarse sizes, as had been expected
from the uneveness shown in the rate of feeding by the ore feeder.

Then the ¢rushed and screened rock was all passed through the mixer
once in lots of 500 1lbs, producing 20 such lots. One beg from
each lot was cut down to provide samples for scrsen analysis, it
being assumed that the bags in each lot would not vary apprec-
1ably. Each bag from which & sample was cut was welghed. The
products on each scrgen wers multiplied by the weight of the
corresponding bag and the totals of this result for twenty bags
of each gize wers divided by the Lotal weight of the original
twenty bags to arrive at a "perfect” mix for five tons of rock.
This "perfect™ mix was 0 be almed at and the roek was to de
passed through the mixer until this end was attained.

Therefore, one lot of twenty bage, that is one bag from each of the
twenty 500 1b lots from the fir:t pass through the msechine, was
put through a second time, being taken out in boxes of approxz-
imately 33 lbs. in three lots of ten. Two boxes from sach ten
were sampled and screen anslyses made.

It was found that the two samples from the same lot checked fairly

well, but varied considerably from those gf the other two lotse.

The average of the six samples checked with the "perfect' mix
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on the fine screens from 14 down, but varied as much
as 4 on the coarser siges.

The same 1000 1lbs. were put through a third, fourth, fifth
and sixth time, but only one box out of each ten boxes
was sampled, it harigg been demonstrated on the second
cut that the boxes in any one lot closely resembled one
another in mixture.

On each successive ocut it was noted that a closer approach
to the "perfect®™ mix was made, the finer products checke-
ing very well. But plus 4, plus 6 and plus 8 products
continued t¢ show considerable variations.

It is impossible to say how many passes would be necessary to
even out these variations, but it was decided that five
or six aoﬁld be sufficient for the purpose of these tests,
egpecinlly 22 the fines, which affect the mechanical value

of the feed, did seem t0o be well mixed.

Summary .

This concludes the description of plant and equipment and the
discussion of additions and adjustments made during the
Session 1933-34.

The two most important additions to the plant are the Ore ilixer and
the Classifier Overflow Control Tank.

It is 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

for the study of fine grinding.
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METHOD OF DETERMINIRG RELATIVE MECHARNICAL EFFICIENCIES

4 great deal of the work done in the field of crushing and
grinding has been devoted $0 the finding of a method
for determining the efficiency of crushing.

No suitable means has been discovered dus to the inability
to measure the work usefully done.

Therefore attention has been focussed on the measuremcnt
of efficlency by means of relative mechanicsl efficlencies.
This gives an indication of the useful work done by
measuring the reduction in slze of pariicles during the

crushing operation in units representing energy values.

The Kick versus Rittinger Controversy.

Two main theories of crushing have dbeen advanced for the
expression of relative mechanical efficiencies, namely
the Kieck and the Rittinger.

These theories may be stated thus:i=-

Kick:~ "The energy required for producing snalogous

changes of configuration of geometrically similar bodies
of equal technological state varies as the volumes or
welghte of these bodies.”

Rittinger:~ "The work done in crushing is proportional to

the surface exposed by the operation."”
In the research work being done at MceGill University it has been
decided to use the Rittinger theory, and it may be interest-

ing to follow the steps which led to this decision.
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From the literature on the subject the following points

1.

2.

Se

are of interest:~
In 1306 Ifessra. Pearce and Caldecott proposed the
representation of the e¢fficieney factor by the reciprocals

of the diameters of the particles.

In the same year Hessrs. Klund and Taylor suggested that
the efficlency factor should be represented by the squares

of the diameters of the particles.

In 1909 Chapman suggested ans the effieiency faotor the
nunber of mesh per linesr inch of any set of sorsens with a

constant ratio botween diameter of wire and mesh gperture.

These three proposals are all based on Rittinger's theory.

4

This

In 1910, Stadler wrote his paper on "Grading Analyses
end Their Application.” He claimed that the only accurate
method of determining the energy absorbed would be one based
on Kiok's Law, the essence of which is that "the energy
absorbed in erushing is proportional to the reduction in
volume."
paper constituted the first serious attuck against Rittinger's

theory.

It was shown theoretically that Rittinger's theory required the

use of gsbout 25 times as much power, as that required by
Stedler's enunciation of Kick's theory, to reduce 1" rock

to0 200 mesh.

It should be noted that all the discussion to date had been purely
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theoretical, and it was obvious that practical work would
have $0 be done to decide the point.

Other theoretical papers have been presented from time to time,
notably by del Mar, Speak and Taggart, but the experimental

work hae been the proving ground of the two theories.

5. In 1912, H. Standish Ball wrote a paper on "The Economice
of Tube Milling"™ besed on experimental work at MeGill University.
It was claimed that Kick's Law had been substantiated but Prof-
gssor Bell of HcGill later showed that there had been an error

in the ressoning.

6. The next work of importance was by A. 0. Gates whose paper
"Kick vs. Rittinger: An Experimental Investigaiion in Rock
Crushing Performed at Purdue University," was published in 19165.

He performed experiments with a testing machine and srrived at the
eonclusion that Rittinger's Theory mors nearly represented the

actual facts than any othexr proposed hitherto.

7. Purther substantiation for Rittinger wa:s brought forward by
John %. Bsll at leGill Univereity in the sueceeding year.
Extengive teste uging rolls and crushers produced rosults similar to

those of Gates.

8. Pinally in 1928 Grose and Zimmerley lent further support
to the Rittinger theory; and in the recent publication by Gow,
Guggenheim, Campbell and Coghill on "Ball Milling" this theory

was accepted without dlscussion.
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Summing up the situation, it is evident that there are strong
theoretical supporters of the Kick theory; bdut it is no
less evident that Rittinger is substantiated by the bulk
of the practical work.

For this reason Rittinger is the theory accspted by HcGill
University and it is the opinion of the writer that it
is the one accepted by most interested people to-dmy.

However, before leaving this subject, some mention should be
made of another method that is used, especially by mill
operators, in determining the efficiency of crushing of
machines. This ig known as the "Tons crushed per
horsepower-hour" method. Determination is required of
the tonnage, power consumed and screen analysis of the
finished product. If it ie nnly required that the final
product shall all pass a given limiting screen, then this
method is satisfactory. Howaver its use ic usually limit-
ed by the fact that the amounts of the product in the dif-
ferent sizes below the limiting size must be considered.

It is interesting to note that this method has been adopted by
Gow, Guggenheim, Campbell and Coghill in their recent paper
on "Ball Milling." Since the writer regards this paper as
an outstahding contribution to the research on milling, he
would like to suggest that seriocus thought be given at LicGill
University to making a trial of the "Tons crushed per Horse-
power-houxr" method at some future period in the present

investigation.
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DESCRIFTION OF TESTS

Introduction.

The basis of the work has been to determine the effect of var-
iation in the speed of rotation of the ball mill on the
efficlency of grinding.

Eighteen tests in all have been made gt speeds ranging from
28.5 R.P.M. to 52 R.P.il. or approximetely 50 4 to 92 %
of critical speed.

Results have shown that increase in the speed of rotation of
the mill above a certain point leads to less efficlent
grinding.

It had been hoped to run some tests st speeds above the critical
speed, but this unfortunately was not possible.

Many important adjustments have been made to the plant as well

a8 gseveral additions of new equipment.

Preliminarz Work.

{1)Remodelling of Water System.

It had been found during the previous year that the
water system was unsatisfactory and unreliable. Therefore,
the first work undertaken this year was to overhaul the
gystem completely replacing the iron piping with brass and
meking other adjustments, fully descridbed elsewhere.
(2)Calibration of Equipment.

{a) Having changed the water system it was then nec-
esgary to calibrate the three cocks. Considerable time

was spent in doing this and 1t was considered that the cocks



al.

could be set within a pound or two of any required flow.

Subsequently it turned out that these calibrations
were very inaccurate due to the presence of entrapped air.
This was rectified by drawing off the air through pet cocks.

Re-gcalibration was made only over the ranges to be
used in the remaining teste, s0 it still remains for a
full calibration té 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 wide range of settings on the vernier. How~
ever, once again, this calibration waz found to be unreliable,
the cause eventually being traced, after considerable expsri-
mentation with the friection roller, to the uneven mixture of
the feed.

A second calibration was not undertaren as it was found
that the original one gave fairly close approximations which
could very quickly be adjusted after the tests had been run-
ning for a short time.

{(3) Screen annlyses were made from several samples, taken
at random from the prepared feed, to determine the mechaniesal
value of the feed. The rock used in these tests was s pure
quartzite, absolutely homogeneous and very desirable for an
investigation on grinding. It had been prepared by crushing
and screening to remove the fines.

Sggplementagg}ﬁork.

After the preliminary work deseribed above the series of tests was

commenced. However, from time to time, it was found necessary to
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make changes or do other work than that which was routine
for the carrying out of the tests, some details of which
follow.

{1) After running four tests it was evident that the
discherge from the mill was very uneven. This was shown
by the ilrregularity in the c¢lassifier overflow samples after
sufficient time had elapsed to allow a balance to be reached
in the circuit. It was decided necessary to arrange for
sone control of the pulp between the overflow end of the
classifier and the sampler. Considerable time and study
wag devoted to this end, various ideas being tried, and
eventually the overflow control tank was developed.

This was improved upon on several occasions and ult-
imately resulted in a very useful piece of equipment. I
not only counteracted the "gulping” effect, but also served
28 an indicator of the point when a balance had been arrived
at in the circuit.

(2) The uneveness of the mill discharge also led to an
investigation of the mill disecherge end. It was found that
the lifters 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 it running back into the well out-
side the grid. In ordexr to correct this the mill was taken
down and an extension was built on to the lifters to correct

this fault.
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It might be mentioned here that the inside of the mill
was examined at this time and found to be in perfect condition.
Alsc the balles were welighed and the broken ones discarded.

{3) Autometic Ore Hixer.

As has been deseribed elsewhere, this machine was built
in order to provide a more uniformly mixed feed to the mill
than had been possible formerly. This condition was particularly
degirable o that the feed rates should be approximstely constant.
sf%er the mixer had been made a fairly extensive study was
made of its performance, details of which are glven under
"Disoussion of Changes lade in Plaxt and Equipment."

General Hethod of Procedurs in laking Actual Tests.

The method of operation in all the tests was not exactly the ssame.
However, graduslly a definite scheme of operation has been
developed and Tests 12 to 17 were all on this basis.

A gummary of the main steps in this procedure follows:-

{a) It having been decided under what conditions a test was

$o 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

s0 that there could be no doubt about them.

{b) The vernier setting on the friection roller arm operating
the feed belt was adjusted to provide the feed rate desired.

(¢) The ball mill was started up with its rheostat set on the

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

{e) The water cocks were opened.

{£) &s soon as the mill began to discharge pulp the pump
sarrylng the pulp to the claseifier and the classlifier rakes
were set in motion.

{g) The voltage in the line to the motor was kept at a
constant figure by a resistanee control.

{(h} As the classifier began to build up, the overflow
control tank was periodically adjusted to give an even discharge.
When the oircuit was in bslance it was found that these adjust-
ameuts were necessary only very occasionally.

{i) After the mill had been running for about two hours,
when it was considered the circuit was approaching a balance,
readings were commenced st the control board and preliminary
samples of the classifier overflow were taken.

The readings at the control board were as follows:=

Voltage

Amperes

Hattmeter remadings giving input K VW hrs.
Xotor R.P.M.

¥ill R.P.H.

Classifier Rakes/mimite

Ore feeder Strokes/minute.

{j) Yhen the preliminary samples showed that the mill was
in balance, finsal sampling was commenced.

(1) Classifier Overflow.

The sutomatic sampler was set in motion end samples
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for a measured time were collectsd in large graduate

flasks, At the same time the flow that was not collected
by the sampler was caught in big tubs which could be weighed
and later dried. “These tub samples gerved as a check on
those given by the sampler.

As these overflow samples were taken they were weigh=
ed and calculations were made to show the amount of pulp
in the overflow.

Sampling was continued until it was apparent that a
balancé had been reached in the circuit or would never be
reached due to some undesirable condition.

(2) 141l Diecharge and Return Sands.

Antomatic semplers were also used for these two
products,

The samples were collected in buckets and were taken
to correspond with the overflow samples.
(3} Oversise.

The oversize from the mill discharge was collected in

backets and the amount per hour at different stages of the
test calculated.

{4) Moisture Sample.

A pan was thrust into the discharge end of the mill
and held under the discharge flow from the lifters. it
was found that this gave a very fair approximstion of the
mpisture content in the mill.

{k} Rate of Feeding Ore.

The rock was taken out of the mixer in lots of approximately 33
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pounds. Exeact determinations of weight wers made and the
boxes stacked on the feeding floor.

One box at a time was poursd into the hopper sud the
exact time taken for the feed to pass through the hopper
was noted. This provided the necessary information for
calculation of the feed rate.

{e)] When the results desired had been obtained, the plant was
shut down and the mill and classifier washed ocut. Then the
water supply was remessured o see if it varied from that st

the beginning of the test.

Subseguent Qggmt ionse.

The ssmples that were of importance were filtered and dried. The
overflow, mill discharge and return sand samples were pre-
pared for screening and then screen snalyses were made. These

results provided data for calculation purposes.
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BESULTS AND CALCULATIONS

Yorme for Results.

Two forms were drawn up to enszble the more important data to be

Some

recorded and presented concisely. The first of these two
forms is for general data, the second for calculations nec-
essary for determining relatlve mechanical efficiencies.

detalls follow, considering the first form first.

Grnshing‘ﬁsdia.
At the beginning of the work underiaken it was considered
that the mill would still contain spproximately the 1200 lbs.

of balle added in ths previous year and made up thus:-

12 inch ballfecs.ese.e0.616 1bs.
1% inch ballB.sesreccas..584 1bs.

Om the conclusion of Test No. 6, when the mill was taken
down to meke adjustments to the lifters, all the balls were
removed, cleaned and weighed.

The weizhts were as followsi-

1% inch ballS.cecvaese...578 1ba.
1% inch ballSeees.oes.r..587 1bs.
Broken ballSececsescssse. 10 1bs.
1175
Whether there wag some errnr in the welghing in the previous
year or whether 25 pounds of balls were used in grinding is not
known.
The broken balls were discarded and the others rechaeged into

the mill and used for all subsequent tests.
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4ill Pulp.

The percentage of moisture decided upon for the mill was provided
by the water in the return sands plus the water from Cock No.

1, added direct to the mill.

In the later experiments a check on this was provided by the taking
of moisture samples, as described elsewhere.

Mill.

(1) Speed. The revolutions per mimute for the ball mill were given
by the electrical recorder. An sverage was taken for the
readings during the time that it was considered the circuit was
in balance. The critical speed has been taken from ir. 0O'Shaug-
negsy's thesis.

(2) Oversize. The oversize that would not pass through the 8 mesh
trommel on the discharge end of the mill was c¢ollected in a bucket,
dried and weighed.

Belt Feederx.

{1} Vernier Setting. This was the setting on the adjustment of the
friction roller arm operating the belt feeder, the adjustment
ehanging the feed rate.

(2) The feed rate was salculated from the results obtained by the
timing of ore added to the feed hopper.

{3) The strokes per minute were given by one of the electrical recorders.

Time.

After starting up the mill for any one test, some time, represented by
the preparatory period, had to be allowed for balance t¢ be set up
in the c¢ircuit. This point was indicated by preparatory samples

and also in some measure by the gauge on the Classifier Control
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Tank, and, onee it had been attained, the sampling period
was commenced.

Classifier.

The strokes were glven by an electrical recorder.

The return sands wers calculasted from the results of screen analysis,
a8 shown elsewhere. The water is not given as it was not
messured.

The Overflow figures are obtained from samples collected in graduntes
and from tubs eollecting the whole flow. Details are given
elsewhere.

Hater.

Calibration having been made of all the cocks before starting any
teats, it wae considered that the woter oould be controlled
within a few pounds. Discrepaneies in the first few tests
caugsed sn investigation which showed that the flow was less
&t the end than at the beginning of a test.

The cause was uliinmately attributed to entrapped air and corrected.
Howover, for safety, flows wers measured bvefore and after each
tost, except where one test followed immedilately after another.

Power.

Sight power readings were taken from the voltmeter, ammeter, and
wattmeter, and the input horse power ealculated.

The motor efficiency was given by the brake tests, and the power
delivered to the mill calculated.

The power lost in various ways was taken from Plate Number H in MNr.

O'Shaugnessy's thesis,-Dead-Load Loss vs. Speed~for a ball load
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of 1165 pounds. An estimate of this loss was made for tests
with a mill speed of less than 30 R.P.M., as the above mentioned
curve did not go below that epeed.

Further detalls of power ecalculations are given elaewhere.

The second form gives the determination of relative mechanical effic-
iency.

Soreen analyses are gilven of the Mill Feed, the 1ll Discharge, the
Clasgifier Overflow, and the Return Sands.

Hechanical values are calculated for the XMill Feed and the Classifier
Overflow, based on Rittinger's theory.

The further crleulations are self-evident giving finsl figures for
fCrushing %Work per Horse Power,” based on gross and net power
to the mill.

Determination of Brake Horse Powers and Caleulation of Motor Efficiencies.

A departure from the method of the previous year was made in earrying
cut the Srake tests. Brake tests had been run previously over
s range of motor speeds from 650 R.P.¥. to 1550 R.P.ils and curves
had been plotted. Afisr the tests were run readings of brake
horse power woere taken from these curves.

It was decided that 1t would be more satisfsctory to do away with these
eurves and to make brake tests under the exsct conditions for sach
test. These were run on the completion of the series of eighteen
mill teste, and the precedure was as followe:=

A summary was made of the details from each test necessary for meking
the bryake tests, az shown on the accompanying sheet.

The belit between the motor and the mill was removed. Then the conditions
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for each test in turn were duplicated. First the motor
starter wss set on the right tap settingss then the load
was applied with the braske until ths volt and ampere read-
ings were those reguired, the arm of the scale being in
balance, Under these gonditions the motor was allowed to run
for several hours so that it could reach an even temperature.

Finally, readings of the watitmeter were taken and smsll adjustments
mede in the applied load uniil the required condition of Input
X h;a: was arrived at. This having been established, the
gross welght shown on the seale was recorded.

The tare of the brake band had deon previocusly determined, so that
the net welight could be ealculated.

A $abulstion is given showing the results of the vrake tests and the
calceulation of motor efficiencies.

In this connesction the following formila was made use of, based on

the mechanics of the brake.

W
L
6c<\!e.
Fra ¥L where & net welght
F= Wi
r

Work= 2 TT N&L
where N= the R.P.H. of the motor
I= 2
« » Brake HePe= 0,000381 WN.
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The coaling water resistance horse power was obtained from Plate
II in ¥r. O'Shaugnesay's thesis.

The efficiency of the wotor was arrived at thuss-

Efficlency= Tota; Output

z 100.
Heasured Input
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Tap
Settings
of Ball
Test Motor Input Hill Motor

Ho. Starter Amps Volts X/ hrs. BR.P.HX. RePelle

1. 0&0 15.0 220 S48 28.50 6763
2. 0&0 16.0 220 370 28.35 673.4
S« 0&0 14.5 220 3433 28.42 674.9
4, 00 14.8 220 .41 28.41 674.9
5. 0&0 14.3 220 3427 28.47 675.6
6. 0&0 14.0 220 3.23 28,48 €76.4
7. 9&0 Test of No Value.
-Change in Voltage
8 90 13%.0 214 4.18 3933 932.2
9. 9&0 19.0 214 4.16 29.08 926.8
10, 90 19,0 214 4.23 39.07 926.0
1i. S9&0 19.5 214 4.24 39.02 925.5
114. 90 19.25 214 4,22 39.12 927.6
12, 0O&15 13.75 214 3.01 28.45 674.5
1s. 9&0 19.0 214 4,15 39.47 936.9
Pulleys changed for higher speeds

14, 0240 20,25 214 4,47 44,07 72648
16, 5B&15 21.76 214 4.76 47.52 782.9
16, 7&20 23.75 214 5.21 52.00 856.4

17. 7&20 23.256 214 5.16 51.93 855.7



DETERMINATION OF BRAKE HORSE POWERS

&0 CALCULATICN OF [i0TOR EFFICIENCIES.

Teat HNo.

Gross Wit. 1bs
Tare lbs
Net wt.(W) 1lbs
Speed () ®PH
Breke HP HP

Yater
Resistance HP

Total OutputHP

Measured
Input HP
Effy: of
Motor A
Teat Ho.

Grose #t. lbs
Tare lba
Net #t.{¥W) lbs
Speed (N} RPM
Brake HP HP

dater
Resigtance HP

Total CutputiP

Meagured
Input HP

Effy: of
Motor A

1

a

S

4 5

25,10 26.00 24,60 24.80 24.30

11.50 11.50 11.50 11.50 11.50

13.60 14.50 13.10 13.30 12.80

6 7
24..00
11.50 Test
12.50
672. of
3.20
0.02 XNo
Sed
4.28
75.2 Value
1T 16&17

R3.00 28.50 28.37 28.12.

11.50 11.50 11.50 11.50

11.50 17.00 16.87 1l6.62

676. 673. 675. 675, 676,
3450 372 337 3442 3.30
0.02 0.02 0.02 0,02 0.02
3.58 3.74 3,39 J.46 3.32
4.67 4.96 4.47 4.57 4.38

75.3 75.4 75.8 75.7 75.8

8& 13 g8 10,11%114 12 14

22.75 22.75 23.00

11.50 11.50 11.50

11.25 1ll.26 11.50

934 927 926 6756 730
4.00 3.97 4.06 2.96 4.72
0.08 0.08 0.08 0.02 0,03
4,08 4,05 4.11 2.98 4.75
5,62 bB.62 5.62 4,03 6,95

72,6 72.1 73.1

776

4.99

0.04

5038

635

856

b.42

0.06

65.48

6.95

74.1 79.8 79.2 78.8
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RESULTS AND CALOCULATIONS CONTINUED

Checks on Results of Tests Based on the Screen Analyses.

If the circuit is in balance, the amount of return sanda will be
equal to the amount of the mill discharge less the amount of
classifier overflov. "‘/}’)&’W A ;‘44/‘2; N ;;},: §

Tagzert, in his "OUre Dressing Handbook", glives the following formula
for determining tounages in s grinding cireuit, if the screen

aualyses of the various producis are known:- ,.‘, :

A rend e EY
o O L Ratitiae

‘ Fa (c~t) ¢ «._szﬂ}

Tw Fg- C = - Pa

fc-t

wvhere

g - Ampunt of return sands.
t - % some one mesh product in return ssnds.
- Foe= Amount of mill discharge.
fc - % similar mesh product in mill discharge
¢ = imount of classifier overflow.
¢ =~ $similar mesh product in eclassifier overflow.

-

Fa ~ Amount of feed.

This formule 1s based on theoretical calculstions and is absolute
providing the circuit 1ls 1: balance and th; screen analyses
correct.

It has been used as a check on the state of balance of the variocus

testa, as shown in the caloulations iv ths Appendix.
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These calculations were based on the distribution of the -200 mesh
produst, as it was considered that this would give the most
reliable results. Figurees are alszo given for plus 200, plus
150 and plus 100 mesh products.

1f there is a complete balance the results would check for any given
screen size, oo thaﬁ these £igures give san Indication as to
whether this balance had been established. Further they prov-
ide results for the amount of return sands in the eircuit, which

amount was not determined in any other way.

Comgaanm of Finished FProduct a=nd the Feod.

This tabie shows how the total finished product is arrived at by
adding the amounts of the mill discharge snd the sand return
gemplee to that of the classifier overflow sample.

The total arrived at in this way is compsred with the original
feed less the amount of oversize. If the c¢ircult was in balance,
these should be the same,

if they were approximstely the same it was coansidered that a state of
balance had been reached, the results being within the limits of

accuracy of the eguipment.

Sunmary of Hain Results of Togtso.

In this table a susmary of the mors important results is given, from

which the main conelusions have bsen dramm.
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TOTAL FINISHED PROIUCT AND ITS COMPARISON

(Results in 1bs/hr.)

WITH THE ANMOUNT OF FEED TO THE MILL

Test Clagsifier Mill Sand Total Feed
No. Overflow Discharge Return Finished legs
Sample Sample Sample Product Oversize
W {prpt v i e
1. Selids 220 S 1l 224 222
Water 686 7 3 696 687
2« Solids 314 4 5 328 308
Water 1001 7 4 1012 1026
Se Solids 294 4 3 501 295
Water 574 7 4 585 676
4. Solids 217 S - 220 220
Water 429 6 S 438 440
5. Solids 189 4 - 193 196
Water 373 7 2 382 3728
6e Solids 184 4 - 188 1986
Water 352 7 3 362 372
. S

4 w:;zia Results of No Value
8. Solids 162 4 - 156 153
Water 290 7 2 299 299
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TOTAL FINISHED FRODUCT AND ITS CU..rARISON wITH i'Hy AMOUNDT OF FERD

T0 THE MILLees-seeovessse.CONTINUED

Test Classifier Mill Sand Total Feed
Ko. Overflow Discharge Heturn Finished less
ﬂ jﬁﬁﬁ}é&  $§??35> Sample Sample  Product Oversize
9. Solids 1é4 4 - 168 166
Water 332 8 3 343 343
10. Solids 173 4 - 177 174
Fater 353 8 S 364 361
11, Solids 158 4 - 162 161
Water 308 7 2 317 317
114. Solids 151 4 - 1556 151
Water 311 7 2 320 317
12. Solids 102 S - 105 104
Water 219 5 2 226 220
13. Soldids 145 4 - 158G 153
Hater 204 7 1 312 316
14. Solids 155 4 - 159 158
Water 506 7 2 3156 316
15. Solids 151 4 - 155 156
Water 302 7 2 311 313
16, Solids 150 4 - 154 157
Water 308 7 3 318 317
17. Solide 128 2 - 130 129
Water 277 S 2 282 287
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SUIGIARY OF MAIN RESULTS OF TLSTS

i

Test Mill Crgéical Feed Classifier Overflow Crushing Vork per H.P.
No.  R.P.M.  Speed 1bs/hr., lbg/hr. =200 % Total Power  Crushing
to HMill rower only
| 28.5 50.3 221 224 66.7 748 918
s 28.4 50.2 308 33 58.6 886 1060
O 28.4 50.2 295 301 83.5 861 1065
4, 28.4 50.2 \ 220 220 64.0 726 894
5. 28.5 50.3 196 193 64.7 679 844
6. 28.5 50.3 195 188 69.7 734 916
7 Results of No Value
8. 393 69.3 1863 156 80.7 522 688
9. 99.1 6849 166 168 77.0 548 723
10. 39.1 6849 174 177 77.8 563 736
1l. 39.0 68.7 161 162 80.7 536 638
11K, 39.1 68.9 151 165 85.5 509 665
12. 28.5 603 104 106 886.5 505 545
13. 3945 69.6 163 150 82.0 531 702
14, 44,1 77.8 158 159 82.4 465 604
15. 47.5 83.8 156 155 84.5 443 b79
i6. 52.0 91.8 157 154 83.1 405 b24
17. 51.9 91.7 129 130 87.1 352 456
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DISCUSSION OF RESULTS

In performing these tests with a Marcy Ball #ill fitted with a quick-
discharze grate it was considered that the most suitable mill
had been chosen for the investigation 'Eo be undertaken. The
results obtained, however show that difficulty was encountered
in getting any capacity from the mill.

At a speed of 39 R.P.i. the capacity is approximately 160 pounds per
hour, which is muoh lower than was expested. In fact, in all
the tests, it was shown that the mill could be very easily
overloaded.

In this connection, it is suggested that, st some future period in
this investigation, the mill should be changed to an open end
one, a 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 in the speed of rotation of the mill.

Seventeen testa have been run on this basis.

A considerstion of the results, summarised in the tables under the
following hecadings:-
{1) ‘Totsl Finished Product and ite Comperison with the Amount
of Feed to the iill.
(2) Summary of Main Results of Testa.
has led to the following main concluslonss-

{a) Test Fos. 1 to 6 were more or less preparatory tests which led to
the development of the (Classifier Overflow Centrol Tank and the

Ore Hixer. ‘These additions to the plant caused the subsequent
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tests to be very satisfactory.

It might appear from the results for the first six tests that a

{v)

{c)

{d)

{e)

satisfactory beslance had been reached. It was apparently
so in Tests Nos. 1 and 43 bDut the discharge rate from the
mill in all these tests was so uneven that no great féith
can be placed in the resulls.

Investigations have been made over a renge of speeds, from
80% to 92% of critical speed.

There was considerable variation in the foed rates in-the
early testsi but ssveral of the later tests were run at
approximately the same feed rate.

The amount of =200 mesh produet at the lowest speeds was
very emall, inereasing falirly steadily as the speed was
increagsed. This is important in a consideration of the
Relative Nechanical ufficlencies.

Crushing Fork per HePs

This result formc the crux of the present investigation.
Conpidering the crushing work done per useful horse power,
it would appear that the lowest gpeed of all gave the most
efficient orushing. This 18 very much open to doubt. Even
if it is correct, the low amount of-200 mesh product at this
low speed dves not make it a desirable speed at which to

operate.

Considering the more reliable tests it appears that the speed of

39 R.Pelle is the most reliable one. At that speed approx-
imately 80% of the finished product is =200 and the crushing
work per H.P. is about 700 surface units. This confims
the opinion of the mamufacturers of the mill, who claim that

40 R.P.M. i the best operating epeed.
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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 cerushing work done per H.P. This is

further illustrated by the correspondingly low figures in Test

12.
However, it is very evident that an increase in the speed of rotation

of the mill causes a decrease in the relative mechanical efficliency.
In order to appreciate this point more fully the resulis of Tests 8,

9, 11, 114, 13, 14, 15 and 16 should be considered, these all

baeing at approximately the same feed rate.

Mill Crushing work

Test No. R.P.M. per useful H.P.
8, 9, 11, 114, & 13 39 695 (av)
14, 44 604
15, 47.5 579
16, 52 524

This clearly substantiates the conclusion drawn above.

It was intended o0 continue these tests above the critical speed,
in order to investigate the theory propounded by Fahrenwald
that a ball mill is more efficient at speeds sbove the cerit-
ical speed, a second peak of efficiency being reached at about
140% critical speed.

Unfortunately this was not possible. FHowever, it 1s considered that
this part of the investigation, being carried out at MHeGill

University is incomplete until some teste are run at these

higher speeds.

SUGGESTIONS ¥FOR FURTHER WORK

Considerable progress has been made in 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 gfinding has not
been completed.

It is suggested that some further tests be run at the low speed of
28.5 ReP.}., as none have yet been carried out since the
classifier overflow tank has been added to the plant.

Further it will be necessary to make some study of conditions &t

mill speeds above the critical speed, as suggested above.

SUMMARY

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

crushing efficiency.

In the course of this investigation many improvements have been made
in 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 apeeds, for the most reliable tests, varied from 39 ¢o
52 R.P.ils, with relative mechanical efficiencies of about 700
to 456 surface units respectively.

It has been clearly shown that an increase in the speed of rotation
causes & decrease in the relative mechanical efficiency of the
mill.

It is considered that this investigation is not complete and some

suggestions for its continuance have been put forward.
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RESULTS




Mill Test No. 1 Date Dec. 82nd, 1934 Page
CRUSHING MEDIA. MILL.
687 Tbs. lg Inch FUlD Percent Water,
678 TLbs. 1§ Inch Percent Solids.
Lbs. ' Lrgh Al
Lbs. L Reh
Spebu ET e 8.6 R.v.11, |
Critical Speed 867 R,.P.71, !
HeEel (P LbhE, =szssias Percent of Crit. Speed B0+ 3%
Mill Volume----~- 10 cu. Ft. Oversize & Dry Lbs.per Hre,

Occupy ¥ Percent Mill Vol.

+

Water--- ®  ___ Lbs.per Hr.

Solidg--- oR4&
Water---- 696

CLASSIFIER.
BELT FEEDER.

Slope-----~-- Iniches per Foob.
Strokes ---- B8 Per Minute, Vernier Setting -------- 4
Returh Sandi- B® Dry Lbvs. per Hr.| Feed-Dry Poundis per Hr.- 82R2

+ Strokes per minube-—=e—-= 41.0
Water =c=c-- Lbs. per Hour. Pourds per Stroke------- 0.090
Overflow

Dy Lbg, per Hi
RPounds per Hour.

T I:.‘IE °

Power Delivered o
Power lost in Mill Bearings
Power absorbed in Crushing

Duration of Test B0 Hours.
Liquid-So0lid Ratio S} : 1 Preparat. Period &0 Hours.
Sampling Period 8.0 Hours.
WATEE
Mol Coek ( Peed Water ) At Start. At End.,
Diml Setlimeasni. 410 Tbs., per Hr. ©8 Tbs, per Hr, Not
No.2 Coek (To Classifier)
D Be Ul inoe-n e .20 TIbs. per Hr. 66 Tbs. per Fr. Meas=
NG 2 Coek (bo Mill Disch.)
Dial Setting---~--- B0 Tbs., per Hr, B36 Ibs. per Hr. ured.
Total per Hr. #® Total per Hr.
POWER,
220 Volts. 16«0 Amps. Wattmeter S3.48 X\VH per Hr.
Input to Motor #%e86 H.P, Motor Efficiency 70e® Percent.

Mill

s — i — —— — v — — — —

[
L ]

o
=
by
e

°

) H H
:

Drive Gear, Etc., Q.68

fav]
«
&




Witl Teet No, & Date Decs R2nd, 19 38 Page
CRUSHING -MEDIA . MILL.
887 1Ibs. 35 Inch Pulp Percent Water.
P8 Ibs. AFInch Percent Solids.
Lbs. +Inch )
Lbs, Inch
Speel ——===--- 88«86 R.7.1.
Critical Speed Be¥ R.P.VI,
Total 1166 Lbs, ----=e-- Percent of Crit. Speed BOe
Mill Volume=---~~ 10 cCu. Ft. Oversize ¥ Dry Lbs.per Hr.
+
Occupy @ Percent Mill Vol.| Water--- & --- Lbs.per Hr.
CLASSIFIER.
BELT FEEDER,
Slopg—=m—mmm~ Lriehes per Foob,
Strokes ---- &8 Per Minuts. Vernier Setting -------- 8
Return Sand- 80 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr,- SiB
+ Strokes per minute------ 41.3
Water -~---- Lbs. per Hour, Pourds per Stroke------- 0.127
Overflow
Solids--- @83 Dry Lbs. per Hr. TTNME.
Water----1008 Pounds per Hour.
Duration of Test %@ Hours.
Liquid-Solid Ratio S«dB : 1 Preparat., Period 4e® Hours.
Sampling Period &0 Hours.,
WATER
No.l Cock ( Feed Water ) A% Statl. At End.
Dial Setting---=--- 366 ILDbs. per Hr. 3 TIbs. per Fr. No%
No.2 Cock (To Classifier)
Dial Setting------- 4¢6 Lbs. per Hr. 488 TIbs. per Hr, lisasw
No.5 Coeck (to Mill Disch. )
Dial Setting----~-- Be® Ibs. per Hr. 8 1Lbs. per Hr.ured.
Total per Hr.308® Total per Hr.
POWER.,
220 Volts. 180 Amps. Wattmeter S«¥0KVH per Hr,
Input to Motor 4«98 H.P. Motor Efficiency 76.4 Percent.,
Tower Delivered to Mill ssowamosawesamn e oes Se74 1.7,
Power lost in 1Iill Bearings, Drive Gear, Etc. 0«60 1, T Ests
Power absorbed in Crushing --—---~cccomamnoo-- 8.09 H.D. -

RO S



Mill Test No. g Date gan. 10%h 1934, Page
CRUSHING MEDIA, MILL. |
587 Lbs. 1 Inch Pulp Percent Water.,
578 Lbs, é Inch Percent Solids.,
Lbs., Trnch
Lbs., Lneh
S.Dead ———————— 28 ‘ -j-;io
Critical Speed gge R.P.M :
m.? ile i & _lie
Total sagg Lbs. -------- Percent of Crit. Speed po.2%
Mill Volume------ B Cu. PG, Oversize g9 Dry Lha.pet His
+
Occupy Pereent Mill Vol. | Water--- --- Lbs.per Hr,
DY 40 13 E
CLASSIFIER.
BELT FEEDER.
Slope------- Tnehe 5 per. Fool,
Strokes ----gg g Per Minute. Vernier Setting ----=---- 8
B e L - _~ = 3 B - = L T
Return Sand-q9y Dry Lbs. per Hr.| Feed-Dry Pounds Der Hr.- ggg
+ Strokes DEr MIIMIUS= ===~ 41,0
ater ------ Lbs. per Hour. Bound & peR STUroke-—=—==== 0.1331
Overflow
Solids--- spy Dry Lbs. per Hr. TTME.
Water---- ggp Pounds per Hour.
Duration of Test Hours.
Liquid-Solid Ratio g3gg : 1 Preparat. FPeriod Hours.
Sampling Period 3 Hours.
WATER
No.l Cock ( Feed Water ) At Start. Bgty AL End.
Dial Setting------- Lig. Bl HpE, Lbs. per He,
T . -~ 5 i 5 =
No.2 Cock (To Classifier) o9 167 140
Dial Setting------- Lbs, per He. Lhs. per He;
No.2 Cock (to Mill Disch.]
Dial Setfing-------~ 6.2 LDbs. per Hr. g4gg Lbs. per Hr. 4gg
Total per Hr.gmy Total per Hr. gag
POWER.
r = \ (= VID il 3 ia TY-: :"l. e <) gu g .
220 Volts. 14.B Amps . Jattmeter g ag KV/H per Hr
Input to Illotor , 46 H.P. Motor Efficiency gg.,g: Fercent.
L]
Power De]_ivér-ed e g8 H.P.
Power lost in 1Mill Bearings, Drive Gear, HZic. g, - - Bets
Power absoroea Zifal Cl"U“hlrL ------------------ 2,78 H.PD.

\
.
R, —



Input to Motor 4«87

Power Delivered
Power lost in Mill Bearings,
Power absorbed in Crushing

H. PB

to

Mill

Mill Test No. & Date Jan 26thy, 1984 Page
CRUSHING MEDIA. MILL.
687 Tbvs. ﬁ Inch Pulp Percent Water.
678 1bs. Inch Percent Solids.
Lbs. £ Trneh e
Lbs. Inch
Speed -------- 28.‘ Rl_.?jaj‘fr_a
Critical Speed BBe? R,.P,"I,
foca]l e The, =-z-=n-- Percent of Crit. Speed 604 2%
Mill Volume--~---~- 10 cu. Ft. Oversize % Dry Lbs.per Hr.
+
Occupy ¥ Percent Mill Vol.| Water--- ® —-- Ibs.per Hr.
CLASSIFIER.
BELT FEEDER.
Slope-==--=-- Laehc s per Fpolb,
Strokes ----#840 Pcr Minute. Vernier Setting —=-==srs 4
Returh Sand- 9 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr,- %24
+ Strokes per minute------ 40.70
Etel —nees- Lbs. per Hour. Pounds per Stroke------- 0.0917
Overflow
Solids---2@ Dry Lbs. per Hr. TTME.
WVater---- Pounds per Houp,
Duration of Test ©s@ Hours.
Liquid-Solid Ratio 2«82 . 1 Preparat. Period %0 Hours,
Sampling Period 20 pours,
WATER
No.,l Cock ( Feed Water ) At Start. At End.
Digl Setting------- 336 T per Hr, 108 Thg D Hes
No.2 Gosk (To Classifier)
Diel Setting------- werr Lbs, per My, Libg,: pel He
Ne.2 Cock (to Mill Disch. )
Dial Setting---~--- ® 1ys, per Yr, 999 Thg, per He
Total per nr 4 05441 per Hi,
POV/ER.
220 Volts. 148 Amps. Wattmeter S«@d XVH per Hr.,

Motor Efficiency T9e? Percent,

H. Py
Drive Gear, Btc.Qe6d 1,7 Ests
__________________ Q81 11,p,




Miil Te=t No, B Date Feb. 12th, 1934 Page
CRUSHING MEDIA, MILL.
B8Y Lbs. 1% Inch Pulp Percent Water.
b78 Lbs. 13 Inch Percent Solids.
Lbs. Inch A
Lbs. Inch
Speel =-====w= P  LR.2.M.
Critical Speed B8s? R D71,
Total 1166 Lbs, ----==-- Pereent of Crit. Speed 50-3%
Mill Volume----~- " Cu. Fi. Oversize & Dry Lbs.per Hr.
+
Occupy #@ Percent Mill Vol. | Water--- & --- Lbs.per Hr.
CLASSIFIER.
BELT FEEDER.
Slope--=----- Inches per Foot.
Strokes ----86e8B Per Minute. Vernicr Sething —ses o 3
Returh Sand- 1 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.- 397
i Strokes per minute------ 40,60
Water ----—-- Ibs. per Hour. Pourds per Stroke------- 0.0809
Overflow
Solids--~ 398 Dry Lbs. per Hr. TTME.
Water---- @88 Pounds per Hour.
Duration of Test 680 Hours,
Liquid-Solid Ratio 3«98 : 1 Preparat. Period &0 Hours.
Sampling Period 9.0 Hours.
WATER
Wo.l Cock ( Feed Water ) At Start, At End.
Dial Setting-~----- el Ibs. per Hr. 80 Lbs. per Hr. 69
No.2 Cock (To Classifier)
Dial Setting------- wae Tbs, per Hr, == Lbs. per Hr., «=
No.% Coek (%o Mill Disch., )
Dial Setting------- 444 Tbs. per Hr. &93 Lbs. per Hr K9S
Total per Hr., %8 Total per Hr.568
POWER.,
280 Volts. 148 Amps. Wattmeter S+8% K\WVH per Hr.,
Input to Motor #&8 H.P. Motor Efficiency ¥Be8@ Percent.
Power Delivered 10 Mill -—=c-cmmmmmmm e SeS28 H.T.
Power lost in Mill Bearings, Drive Gear, Etc. G«b® H.P. Es%}
Powed i abnoriell i n CAshing —= coeoevre e cmm = Re67 1.D, :
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Mill Test No. & Date Feb. Rlst, 1954 Fage
CRUSHING MEDIA. MILL.
587 1Lbs. lﬁ Inch Pulp Percent Water.
678 T1s. Inch Percent Solids.
Lbs., Inch
LbSo I_.J'.Ch
SDee@L -------- 28.5 n-.'.)a-.{n
Critical SpecdBbe?  R,.2,7I
fotal S Tibs; =---cc<z Percent of Crit. Speed 50, 3%
11111 Volume-----~- o Cu. Fbh. Oversize * Dry Lbs.per Hr.
.+.
Occupy‘w Percent "Mill Vol, | Water--- @ -~~~ Lbs.per Hr.
= APy
CLA»SI I».—Ar\.u
BELT FEEDER.
Slope-----~-~ THerne s pelr Fooh.
Strokes ----R0e88 Pcr Minute. Yerpnicr SeElbing ——c- - 3
Returh Sand- %® Dry Ivs. per Hr.| Feed-Dry Pounds per Hr.-196
+ Strokes per minmute------ 40.45
leiee ~=2ofss Lbs. per Ho Pounds per Stroke------- 0.0807
Overflow
Solids---. &8 Dry Lbs. per Hr. TIME.
Water---- 968 Pounds per Hour.,
Duration of Test & © Hourss
Liquid~-Solid Ratio 198 : 1 Preparat. Period B Hours.
Sampling Period S Hours.,.
WATE
No.l Coeck ( Feed Water ) At Shert. At End.
fial Settins-=-=2s0l 28 Tbs. per Hr. 88 Tbs. per Hr.
No.2 Coek [(To Claggifier)
Dial Setting------- e T.bo. per Hr. s Tbs. per Hr.
No.3 Coek (to Mill Digch.)
Dial Setting------- #&e«& Lbs. per Hr. 898 Lbs. per Hr.
Total per Hr. 9@ Total per Hr.
PO'TER.
B20 vVolts., 44¢0 Amps. Wattmeter S8 XWH per Hr.
Input to Motorked® H.P. Motor Efficiency 798  Percent.
Bele e siciiivercd o Wil SRl SZ oL c Rl mi oL Se26 11,7,
Power lost in Mill Bearings, Drive Gear, Ztc. 0«68 y, D, Ests
Power absorbed in Crushing ---=-----——o——__- B.61 H.P.




Mill Test No. T pate APFil 10h, |3 .,

CRUSHING MEDIA . MILL.

gg; Lbs., ig lneh Paln Percent Water.
Lbs. b Inch Percent Solids.,
Lbs, Inch )
Lbs. T neh

= Speed —-=-===-- R.P, M,

1165 Gritieal Speed R By
Total - Lbg, =w-ceee- Rereent of Crit, Speed
ill Volume----~- 10 Cu. BO. Overgsize Dry Lbs.per HE,

40 i
<Lree WPy Percen®-2[il1l Vol. | Water--- --- Lbs.per Hr.
CLASSIFIER.
BELT FEEDER.
Slope---==-~~ Ineheg per Foot.
Strokes ---- Per Minute, Vernier Setting --------
Returh Sand - DEy TLbs, per Hr.| Feed-Dry Pounds per HB.-

+ Strokes per minute------
fater —------ bse pei e, Pounds per Stroke----=--=-
Overflow

Solidg--~ Do dihay po@ Hbo : TTME.

Water---- Pounds per Hour.
Duration of Tes?T Hours.

Liquid-Solid Ratio T P Preparat. Period Hours.,
Sampling Period Hours.

WATER
No.l Cock Feed Water At Start. At End.
ek { Hoo ) 3. - M8 =——" 136

Dial Setting------- Hbg. per Hx, b per HE,
No.2 Cock (Do Clasgifier)

Dial Setting------- e Tho. per Hp, W 1bs, per dx,
No.& Coek (to hlll Digech.

[ f"(~: LA D 7 )4.2 e R uls 267 = L 2‘65

Digl Setting---~--- Lbs. pen il N Libs. per Hees

Tohal per Hiw 409 Total per Hrusga
POYWER.
o : o We metT e T o T
VoltTs. Amps. Jattmeter KVWH per Hr.
Input to Motor He B, Motor Efficiency Bereent.

Power Delivered to Mill --—ccccecrmcnmaceemne—— H. s

Fower lost in Mill Bearingzs, Drive Gear, Htec. Ha By

Power absorbed in Crushing -------=cec-cem---- H, B




Mill Test No.

Date April 17th, 10 34 Page

CRUSHIN

587
578

Lbs

Lbs.

Lbg.

Lbs.

1'2' IrLCi:l

Total 11656

Mill Volume

— e — v —

Occupy 40

Mill Vol.

=

otrokes

Overflow

Slope-=----

--—=- 8641
Returh Sand- B

MILL.

Pulp Percent Water.
Percent Solida.

Speell =-=mm——- 3933 R B ._r
Critical Speed 98s¥ R.P.7I.
EeReert o5 CrL b, opeed 65.5%

Oversize & Dry Lbs.per Hr.
+
Waber-—= ol  =—— Lho,per HE:

CLASSIFIER.

Solids--- 186
Water---- R99

Liquid-Soliad

Dry Lbc. per Br.

Lbs. per Hour.
Dty Lbg, per HE.

1093 5

e e e .

No.l Coeck ( Fese
Dial Setti
No.g Gock (To ©
el S e6
No.3 Cock (to N
Digl Settin
24 Tolts.

Irlp‘llt tO :IOtOI‘ 5.60 Ho Pe

Power Deliver ei
Power los
Power absoroea

1940 Amps

F00T.
Vernlor Bethiny ~=- - rs 1.5
Feed-Dry Pounds per Hr.- 368
D EROkEs DPer :*11*111*60 —————— $9.50
P U.nd.o per St-n .n.u ——————— 0.06&#
TIME,
Hour .
Duration of Test 6.0Hours.
Preparat. Period  B«®Hours.
Sampling Period SebHours.,
WATE
At Start. At End.
Lbs. per Hr. 308 TIbs. per Hr. 94
Lbg. per Hr. &  Tbs. per Hr. ==
Lbs. per Hr, #8 Ibs, per Hr, 208
Total per Hr. 808 Total per Hr. 00
POYER.

Wattmeter @dBKIH per Hr,

Bearings,
1Ishing

——

o ——

lotor Efficiency ¥Re® Percent.

________________ 4.06 17, 1,
Drive Gear, Etc. 998 7, p,
________________ 3.08 7, p,




Mill Test No. ¢ Date 0 Page
CRUSHING MEDIA MILL.
687 Lbs. 34 Inch Pulp Percent Water.
g78 Lbs. 3& Inch FPereent SolltE,
Lbs. 50 7610)
L.ba . Inch
i Speed —--=-=-- 89,1 R.7.1M.
Critical Speed PBs¥ R.P."L
Total 31368 Lbs., ----=-wu-- Percent of Crit. Speed 68
Mill Volume--—~-~- 30 Cu. Ft. Oversgize & Dry Lbs.per His
+
Occupy 48 Percent Mill Vol. | Water--- 2@ --- Lbs.per Hr.
CLASSIFIER,
BELT FEEDER.
Slope-==vmn- tnekes pey Peob.
STrokes ---- 8840 Per lMinute. Vernier 3Setting -------- 1.8
Returh Sand - Dy ‘Lbse pPer By, | Heed=Dry Folirs nd s per Hr.- 169
+ Strokes per minute------ 39,84
atery =—==-=- Lbs. per Hour. Pounds per Stroke------=~ 0.,0719
OQverflow
Solids--- 168 Dry Lbs. per Hr. TIVE.,
Water---- 943 Pounds per Hour.
Duration of Test B¢@ Hours.
Liguid-S5elid Ratio '‘gise : 1 Preparat. Period B Hours.
Sempling Period 3«8 Hours.
WATER
No.l Cock ( Feed Water ) At Start. At___.n_
Digl Setting-~==--- $8 ILvs. per Hr. 388 LDbs. per Hr. 39
No.2 Cock (To Clagsifier)
Dial Setting------- ase LDS. per Hr. e Lbs. per Hr. wee
No.3 Coek (to Mill Disch.)
Dial Setting----~--- 40 Lbs. per Hr. 2888 Lbs. per Fr. BE6
Totel per Hr Total per Hr. S
POWER.
214 Volts. 19,0 AmDS. WMattmeter &3 KVH per Hr,
Input to lMotor g,y H.P. Motor Effic 1ech Y8 Fercent.
Power Delivered Mil]l =ccmmmmce e e e e - &8 H.F.
Power lost in Mill Bearings, Drive Gear, Ltc. §«s9¥ L.Z.
Power absorbed in Crushing --~=-ce-cccecneaa- S0 H.D. ’




Mill Test No. 10 Date April 23xd, 1° S4.Page
CRUSHING MEDIA. MILL.
687 Lbs. 3% Inch Pulp Percent Water.
678 LDbs. 32 Inch Percent Solids,
Lbs. Inch o
Lbs. Inch
Spee(i ———————— 59.1 Ro Z--a Ay _o
Critical Specd Py R.P.M.
Total 1366 Lbs. -------- Percent of Crit. Speed 68.9%
1Mill Volume-~----- - Cu. Ft. Overzize B Dry Lbs.per HE,
+
Occupy #8 Percent Mill Vol., | Water--- B --- Lbs.per Hr.
- )
CLASSIFIER.,
BELT FEEDER.
Slope-==m=-m= Taches per Hoob.
Strokes ---- BBa® Per lMinute. Vernier Setting -------- 1.4
Returh Sand- 35 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.-~ 3¢
B Strokes per minmute------ 39,75
Water ------ Lba. per Hour. Pounds per Stroke------- 0.0814
Overflow
S0lids---177 Dry Lbs. per Hr. TINE
Water----364 Pounds per Houw?,
Duration of Test 4«8 Hours.
Liquid-Solid Ratio 2.06 : 1 Preparat. Period Re® Hours.
Sampling Period 248 Hours.
WATER
No.l Cock ( Feed Water ) At Start. At End.
Dial Setting------- $s8 Ibs. per Hr. A28 Ibs. per Hr. 28}
No.2 Coek (To Classifisr)
Dial Setting------- g Lbs, per Hr. s« 1hs, per Hr, W
No.3 Coek (to Mill Diseh. )
Dial Setting------- 4} ILbs. per Hr. R0 Lbs. per Hr. 248
Total per Hr. B8R Total per Hr. 68
POVER .
214 Volts. 19,0 Amps. Wattmeter 4«88 K\/H per Hr.
Input to lotor g.,e7 H.P. Motor Efficiency 78«3 TFercent.
Power Delivered Mill mmmmmm e e e o e 4.14 H.T.
Power: lost im Mill Bearings, Drive Gear, ILtc. S99 H.P.
Power absorbed in Crushing -=-=-ceeceme oo 1y H.P. ?




Ml degs No. I3 Date April 25th, 1934,Page
CRUDH”ING MEDIA . MILL.
587 Lbs. 1% Inch Pulp Percent Water.
578 Lbs. 13 Inch Percent Solids.
Lbs, Inch =
Lbs. Inch
Speed ~------- 390 R.P.M,
Critical Speed H6ET R.P.Ms
Totel BREEEThe, ~-c-cw-e- Percent of Crit. Speed 68.7%
Mill Volume--=~-~- By  Cu. B, Dverdize @® Dry Lbgs.per fir
+
Occupy 40 Percent Mill Vol. | Water--- 1 --- Lbs.per Hr.
CLASSIFIER,
BELT FEEDER.
Slope-=mmmn- Incheg per Fool. :
Strokes ----25,85Pcr Minute. Vernier Setting -------- 0.7
Returh Sand- 20" Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.- 163
+ Strokes per minmute------ 39,60
ater —==--—- L. per Houe., Pournds per Stroke------- 0.0686
Overflow
Solids~-- 168 Dry Lbs. per Hr. TINME.
Water---- 317, Pounds per Hour.
Duration of Tegst @ Hours.
Liquid-Solid Ratio 1.96 : 1 Prepa at,. Period 3 Hours.

Sampling Period 2 Hours.,

WATER
No.l Cock ( Feed Water ) At Start. At End.
Digal Setting------- 3,06 Lbs. per Hr. 105 Lo<,, ner Hr. 103
No.2 Coek (To Claggifier)
Dial Setting------- e’ DS DEP HPEs «pm - LS. DEY HY. Sog
No.o Gaek (to Mill Disch. )
Digal Setting------- 8,97 Lbs. per Hr. 214 Lbs. per Hr. 216
Total per Hr. g39 Total per Hr. sis
POWER.
214 Volts. 19,5 Amps. Wattmeter 4,24 K\VGH per Hr.
Input to Motor 5,68 H.P. Motor Efficiency 7841 Percent,
Power Delivered to Mill —-—cccmmmmmmm e - 15 H. P,
Power lost in Mill Bearings, Drive Gear, Etc. 0,87 H.P.
Power absorbed in Crushing ---=--ccceemceaoo-- 18 H.P.




Strokes

Returh Sand- &% Dry Lbs. per Hr.
+
Vlater —==-=- Lbs« per Hour.,
Overflow
Solids--- 1B Dry Lbs. per Hr.
Water---- 880 Pounds per Hour,

Liquid-50lid Ratio 8,06 :@ 1

- ——- BB43BPcr Minute.

Mill Tesgst No. 3% Date April 26¢h, 1984, Page
CRUSHING MEDIA . MILL.
gg7 Lbs. 32 Inch Pulp Percent Water.
578 Lbs. } Inch Percent Solidg.
Lbs. Inch =
Lbs. Inch
Speed —--===-- $9d R.D7.I.
Critical Speed "PeY¥Y R.P.".
Bl AR Tl = o i Percent of Crit. Speed 6849
Mill Volume--~~=~- 10 G Tl Oversize & Dry Lbs.per Hr.
+
Occupy#d Percent Mill Vol. | Vater--- } --- Lbs.per Hr.
CLASSIFIER.
BELT FEEDER.
Slope------- Inehes per Foob.

Vernier Setting -------- 0ol

Feed-Dry Pounds per Hr.- 189

Strokes per minute------ 39.85

Pourds per Stroke------- 0.0641
TII‘:TE.

& Hours.
& Hours.
R Hours.

Duration of Test
Preparat. Period
Sampling Period

No.l Cock
)0 b= 1
Cock
el
Cock
Dial

( Feed Water )
setting-------
(To Classifier)
Setting-------
(to Mill Disech,
Setting-------

No.2

No. o

WATER

At

Start.

At End.

3,08 LDbs.

ssibes L DS,

)
5.97 Lbs.

Total

———

Hr. 108 Tbs. per Hr. 108

DET

T

PET HI': e

Tibs. por Hr.

Hr. 214 Lbs.

Hr. #39 Total per

214 Volts. 19.25 Am[gs,
Input to Motor B«88 H.P.

Power Delivered to
Power lost in Mill
Power absorbed in C

Mill
Bearings,
rushing

Wattmeter 4,88 K\/H

par HP.

Efficiency 78ed Percent.

—— e - - - —

o
=
=
=
@
P
D
&0
=
=]
oy
Q
o
®
w
‘-.3
o n e
e [ ()

ot

——————————— i — — — — -




Mill Test No. 12

Date April

27th, 19 34.Page

Ao
i

CRUSHING

:

DIA ,

587
578

Lbs.
Lbsg.,
Lbs.
Lbs,

Inch
Inch
Inch
Inch

Puidn

—— o —

MILL.

Percent
Perc

Water.

ent Sodndss

.

i Speed. ———————— 28 45 L.-:-)OFT.
Critical Speed 56a7 HeBg i
Total 1165 Lbs. -w=--=we-- Percent of Crit. Speecd 50:2
Mill Volume----~- 1@ Cu. Ft. Oversize 8 Dry Lbs.per Hr,
+
Occupy 40 Percent Mill Vol.| Water--- & --- Lbs.per Hr,
CLASSIFIER.
BELT FEEDER.
Slope-=-=--=~- ilnehes per Foot.
Strokes ----26,85Per Minute. Vernier Setting Mark off Scale
Returh Sand- 48 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.- 112
+ Strokes per minmute------ 39,45
ater —----- fbss per Hour. Pournds per Stroke------- 0.0473
Overflow
Solids--~ 108 Dry Lbs. per Hr. TTME .
Water---- 26 Pounds per Hour.

Duration of

Test 940

Hours.

Liquid~-Solid Ratio 838 : 1 Preparat. Period 740 Hours.
Samplinzg Period 8&@ Hours.
WATER

Ko.1l Cock ( Teed Water ) At Start. At End.

Dial Setting------- 8476 ILbs. per Hr. 7 ILbs. per Hr, Not

No.2 Cock (To Classifier)

Disl Setting------- =—== Lbs, per Hr. == 1ILbs. per Hr. Meage

No.% Coeck (to Mill Disch. )

Digl Setting------- 96 Lbs. per Hr. 180 Lbs. per Hr. uped.
Total per Hr. gas Total per Hr.
PO'TER.
214 Volts. 183,75 Anips. Wattmeter $,01 XKVVH per Hr.

Input to Motor 4,08 H.P. Motor Efficiency 74.1 Percent.
Eve el vered o Mill S5 s o 2,99 H.P.
Power lost in Mill Bearings, Drive Gear, Etc. 0s65H.P. Bst,
Power absorbed in Cfu—rling ------------------- 2,84 H.P. '




Mill Test No. 15 Date asopil B78h, 19 $4Poge
CRUSHING MEDIA . MILL.
gay LDPs. 34 Inch bl o Percent Water.
- Lbs. | I nch Eesreen G Sinll s
78 .
Lbs. Inc
Lbs. Inch
Speed -------- W.s Ro-.'-)oj"io
Critical Specd PBBs? R.P."L. }
Total g9 Lbs. -------- Percent of Crit. Speed @9.68
Mill Volume--~-~- 18 Cu. Ft. Overgize R Dry Lbs.per HE.
+
Occupy agPercent Mill Vol. | Water--- @ --- Lbs.per Hr.
CLASSIFIER,
BELT FEEDER.
Slope-=—=-=~- fnehe 5 per Foob.
Strokes ---- pg.B&Fcr llinute. Vernier Setting -------- 0,44
{Returh Sand - 12Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.- 28BS
+ STtrokes per minute------ 59.70
Vlater -—-=---- Lbs. per Hour, Pourds per Stroke------- 0.0661
Overflow
Solids--- 188 ;Dry Lbs. per Hr. TTIME .
Water---- 812 Pounds per Hour.
Duration of Test Bi¥ Hours.
Liquid-So0lid Ratio 2.08 : 1 Preparat. Period @e8¥ Hours.
campling Period K88 Hours.
WATER
No.l Cock ( Feed Water ) Ao Sehanit, At End.
Digl Setting------- .08 LDs. per Hr. MNe§Lbs. per Hr. X08
No.2 Cock (To Clasgifier)
Pigl Setting--===-s anwee LDs, per Hr. Hea@sls. DEY Hr, ===
g, 5 Coel (to Mill Disch. ) |
Dial Setting----~-- @86 Lbs. per Hr. wpedsbs. per Hr. 8IB
Total per Hr. eswsaotal per Hr. @3B
POWER,
g4 Volts. 19.810¢s . Wattmeter @&eMKH per Hr.
Input to Motor g.p8 H.T- Wotor Efficiency ¥Re®@ TFercent.
EanarelieNineved- 6ol Ml ces o m e e o n L 4,041, 7,
Power lost in Mill Bearings, Drive Gear, Etc. Sa#8H.T.
Power absorbed in Crushing ---=--mememmcmeao- mt{? :

.

S



Mill Test No. 14 Date April 29th, 1934. Page

CRUSHING MEDIA. MILL.
687 Lbs. lg Inch Pulp Percent Water.
B78 Lbs. X Inch Perecent Solids:
Lbs. Inch fid
Lbs Inch
Speed. ———————— M.O? Re "—)'TE.
Critical Speed @84¥ R.P."M.
ot e) A Tha, wiz-oZoo: Percent of Crit., Speed T77.88
Mill Volume----~- a0 Cu. Ft. Oversize & Dry Lbs.per Hr.
+

Occupy ¥ Percent Mill Vol.| Water--- 8 --- Lbs.per Hr,

e
CLASSIFIER.
BELT FEEDER.

Slope-==mmm- Itiehe & pee B0
Strokes ---- BBed Per Minute. Yerhier Sebbing =—=t-toes 04
Returh Sand- 14 Jry Lbs. per Hr.,| Feed-Dry Pounds per Hr.- 169

+ Strokes per minute----- 29,57
Vater —----- . Lbs. per Hour. Pounds per Stroke------- 0.,0670
Overflow

Solids--- 189 Dry Lbs. per Hr, | TIME.

Water---- 315 Pounds per Hour.
Duration of Test #4687 Hours.
Liquid-So0lid Ratio 498 :@ 1 Preparat. Period 8B«8¥ Hours.
Sampling Period 8400 Hours.

WATER
Novl Geoeck ( PFeed Water ') At Start. At End.
10 = e el it e S 800 Tbs. per HFr. 96 Lbs. per Hr, 208
No.2 Cock (To Classifier)
Disl BSetting------- woee LD, pPer Hr. eee= Lbs. per Hr. we=
Now3 Cock (to Mill Diseh. )
Dial Setting---~--- 8497 Lbs. per Hr. &10 Tbs. per Hr. 216
Netal per Hir. Total per Hr. B8
POWER.,
814 Volts. R0.26 Amps. Wattmeter &% KW per Hr
Input to Motor P98 H.P. Motor Efficiency 79«8 Fercent.
Poe i e el o il R R e e e ~—~-4¥8 H.TP
Power lost in §Mill Bearings, Drive Gear, Etc. ded0 H.DP,
Pwes B heopted i Crghine St L la oL 368 1.7,




Mill Test No.

Input to Lotor g =g

H. P,

Power Delivered to Mill
Power lost in Mill Bearings,
Power absorbed in Crushing

15 Dategpm 294h 1%, Fage
CRUSHING MEDIA. MILL.
587 Lbs. & Inch Pulp Percent Water.
578 Lbs. 1§ Inch Pereen® Solidg,
Lbs. Inch )
Lbs. Inch
Speed ---=--=-- 4%.% LR.°.M.
Critical Speecd SRS R.P.M,
Total 1165 Lbse —=-nmee- Percent of Crit. Speed §3.88
M1ll Volume-—-—--- a Cu. FG. Overaize & Dry Lbs.per HE.
+
Occupy g9 Percent Mill Vol. | Water--- g --- Lbs.per Hr.
CLASSIFIER.,
BELT FEEDER,
Slope-=-====-~ Inehies per Fooh.
Strokes ~----gg.,p8 Per Minute. Vernier Setting -------- 0.4
Returh Sand- « 18 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.-3157
- Strokes per minute----- 89,65
Vlater —=---- Lbs. per Hour. Pounds per Stroke------- 0.0660
Overflow
Solids--- ey Lbse per Hr, TINE.
Water---- ;43 Pounds per Hour.
Duration of Test g,89 Hours.
Liguid-Solid Ratio g1 : 1 Preparat. Period @88 Hours.
Sampling Period gu00 Hours.
No.l Cock ( Feed Water ) At Start, At End.
Dial Setting------- 8,08 Lbs. per Hr. g Lbs. per Hr. 308
No.2 Cock (To Clasgifier)
Dial Setting------- enae LD3. per Hr. eme Lbs. per Hr. saw
No.% Cock (to Mill Disch. )
Dial Setting---~~--- 8,97 Lbs. per Hr. g3 Lbs. per Hr.glh
Total per Hr. gog Total per Hr. ;38
POWER.
214 VolTs. g1,76 AmDS. Wattmeter 4.P6K\WVH per Hr.

Motor Hfficiency %994 Percent,

— e - e — e aem mmm e e Sm em e




Mill T

.\

est No. 1@ Date iprdl 29th, 1934, Page
CRUSHING MEDIA MILL.
Bg7 LDs. Inch Buip Percent Water,
g7¢ LDPs. 32 Inch Percent Solids.
Lbs. Inch 5
Lbs. Inch
Speed ———————— 52.0 R.?oj‘ﬂio
Critical Speed Ppge? K.P.'.
Total 31366 Lbs. -------- Percent of Crit. Speed 91.88
Mill Volume---—--- ¢ Cu. Pt, Overgize & Dry Lbs.per He,
+
Occupy g9 Percent Mill Vol. | Water--- 3 --- Lbs.per Hr.
CLASSIFIER,
BELT FEEDER.
Slope-=-=---- Taehes per Foot.
STrokes ---- 28,27 Per lMinute. Vernier Setting -----=--- 0.4
Return Sand - 15 Dry Lbs., per Hr.| Feed-Dry Pounds per Hr.- 158
+ Strokes per minute------ 39,79
later —-—----- Lbs. per Hour. Pounds per Stroke-------~ 0.066
Overflow
Solids--- 154 Dry Lbs. per Hr. TIHE.
Water---- 818 Pounds per Hour.
Duration of Test 8,08 Hours.
Liquid~-So0lid Ratio 2.06 1 Preparat. Period 3488 Hours.
Samplineg Period 3.08 Hours.
WATER
No.l Cock ( Feed Water ) At Shept. At End.
Dial Setting------- 8,08 Lbs. per Hr., 9 Lbs. per Hr. 108
No .8 Ceegk (Teo Glassifier)
Dial Setting------- guis LDS, per Hr,. 4w Lbs. per Hr. e
Wo.5 Coek [(to Mill Diseh. )
Digl Setting------- 8,97 Lbs. per Hr. 210 1Lbs. per Hr. g}6
Total per Hr. 38 Total per Hr. 8
214 Volts. 28,6 Amps. Wattmeter B8 K\V/H per Hr
Input to Motor g.98 H.P. Motor Efficiency 7848 TFercent.
Power Delivered to Mill —=--cememmmmcm o - Bs80 H.T.
Power lost in Mill Bearings, Drive Gear, Lic. el H.P.
Power absorbed in Crushing --~=--ceccmmmecne--- oy H.P




Mill Test No. 1Y Date April 29th, 1934. Page
CRUSHING MEDIA . MILL.
587 TLbs. 1FInch Pulp Percent Water.
878 TLbs. 1% Inch Percent Solids.
Lbs. Inch i
Lbs. Inch '
ShpTsts i PR 8ls9 Rr.v.10.
Critical Speed B8a¥ R.P.7MM,
oI T he . o Percent of Crit. Speed 917
Mill Volume=---=--- 10 cu. Ft. Oversize & Dry Lbs.per Hr.

Occupy 40 Percent Mill Vol.

.

Woter——— Sl - N ibe e pen R

CLASSIFIER.
BELT FEEDER.
Slopg-=-=--=~ rrele & per. Faot.,
(@ 1 A T . ~ : Eat: -l s
Strokes ----26448 Per Minute. Vernier Setting —----=-2= .
Returh Sand- -20 Dry Lbs. per Hr.| Feed-Dry Pounds per Hr.-130
+ Strokes per minute----- 59.77
Water =----- Lbs. per Hour. Pourds per Stroke------- 0.0845
Overflow
Solids~--- 130 Dry Lbs. per Hr. TINE.
Water---- &82 Pounds per Hour.
Duration of Test 60 Hours.
Liquid-Solid Ratio 2.17 L Preparat. Period 803 Hours.
Sampling Period 1¢8¥ Hours.
WATER
No.l Cock ( Feed Water ) it Ak e Est: AT End.
Dial Setting------- 840 Lbs. per Hr. 91 Lbs. per Hr. 98
No.2 Cock (To Classifier)
Dial Setting------- wow Lbs. per He., ™  Ths, per Hi: e
Ng .3 Boek (to Mill Disch.)
Dial Setting-~----- 9482 Tbs. per Hr, 181 Lbs. per Hr,18)
lotal per Hr. 878 Total per Hr. 209
POWER.,
B4 Volts. R3eD Amps. Wattmeter B«d&\H per Hr.
Input to Motor  #+88 H.P. Motor Efficiency 78«8 Percent,
Power Delivered to Mill —----emeomomaao oo S84 1,7,
Power lost in Mill Bearings, Drive Gear, Etc. 1«80 H.D.
Boper-abgorbed in Cmishing ==c-es=n So = 4.19 H.P.




Mill Test No. 3 Cont'd. Date Dec. 88nd, 1938 .Page
Mill Mech. Mill Bet'n, (Classif.] Surface| Meeh.
Mesh Feed Velwe Y Diseh.}] Sand M0verflow| Factor Value
% VWit. 207, o Wt. | % Wt. % Wt. 8, 1.
+ 4 x 0.08 =
6 | X D08 =
8 ;x 0.10 = i
10 % BlE =
14 568 % 0.0 =
20 Test 0.1 Odd 0,25
28 | Noe 6 0.1 Oud 055
35 0.2 1.0 0,50
48 0.7 Se? 0.70
65 2.3 9.7 0.4 1401 0.4
100 11.0 29.6 5.3 14,40 7.4
150 12.2 R 7 11.0 2. 00 2240
200 = 1641 1446 16.5 290 47.8
= BeE 673 1649 6648 14.00 83542
Metal | 27 10040 100.0 10040 Overflow| 10188
Mill Feed Dry Tons ner 24 H, 2eG6
CLASSIFIER OVERFLOW (Finished Prod.) " W B 269
Return Sand RO AR O.62
Mill Discharge " n L. L Seol
Mechanical Value of Classifier Overflow  Surface Units 1013
i i S Heod " Il 27
Crushing Work done per Ton L it 986
" LI " 24 Hours W L £622
Crush. Work per H.P,(Total Power to Mill) " It 748
" I " H,P.{(Crushing Power Only) 1] " 918




ikl Tegty No. B -Conbt'd. Date Deg pdy 10mw Page
Mill Mech, Mill Rev'me |Olassit.| surfacc) kech:
Mesh Feed Value Y Disch.] Sand "Overflow| Factor Value
% Wt, Bl o Wh. | % Wi, % W, S
+ 4 = 0308 =
6 b a6 =
8 % 0ail =
10 Osl 0.1 2. 0alE =
14 See 0.2 0.5 x 0:20 =
20 Test 0e2 0.6 Qa8
28 No. 6 08 0.8 0.5
55 046 1.6 0,80
48 2.1 5.4 0,70
65 Be7 12.5 0.7 1.00 0.7
100 1845 3543 8.0f 1.40 11,2
150 1649 19.9 16,1 2.00 302
200 1641 11.5 1746 290 51,0
- 200 393 11.8 58,6/ 14.00 82044
L labal 27 100.0 10040 10040| Ove rflow 91545
Mill Feed Dry Tons per 24 H. 3470
CLASSIFIER OVERFLOYW (Finished Prod.) " 4 Rt D87
Return Sand e I 2.64
Mill Discharge H " (L 6.61
Mechanical Value of Classifier Overflow surface Units 913
I J e A ;! 27
Crushing Work done per Ton " " 886
VR " 24 Hours : 1 JR78
Crush. Work per H.P.(Total Power to Mill) 4 m 686
" y " H.P.{Crushing Power Only) " " 1060




Mill Tegt No. ‘B Clamb Tdi. p_eyj:_emml_k___;_‘i};i Page
Mill Mech. Mill Ret'n, |[Clagsif, | Surkrrage] lMeceh,
Mesh Feed Value Y Digeh.i Sand 10verflow| Factor Value
% Wt. 2 e U %o Whe| % Wb % Wt. Sl
4 4 % 008 =
6 b 06 =
8 | X Belill =
L0 0s2 046 0.1 -
14 See 046 146 % 0,20 =
<0 Test 0.8 1.7 0.25
28 No. 6 0eB 1.6 055
35 Q.7 2.5 .50
48 23 6.8 Dal
€5 ) 12.1 8.2 100 2.2
100 1541 28.9 11.5 1,40 16.1
150 15.8 17.0 16.8 2+ 00 50.4
200 7 ¥ 1641 11.7 17.6 Bal 51.0
- 200 43,2 15.5 3.6 | 14.00 749.0
plmbal 27 100.0 100.,0 100.0 | Overflow 848.7
Mill Feed Dry Tong per 24 H. Se 54
CLASSIFIER QVERFLOVW (Finished Prod.) " o B st J.61
Return Sand i i i g 1.52
Mill Discharge % i Wi o D419
Mechanical Value of Classifier Overflow Surface Units 849
u i 1 . Feed i 1 27
Crushing Work done per Ton " i 822
" n " 24 Hours B ” 2920
Crush. Work per H.P.(Total Power to Mill) B [t 861
m " " H,P,{Crushing Power Only) 4 4 3 1065




Mill Test No. %  Cont'd, Date Jan. 26th, 1984 Page
Mill Meeh. Mill Ret'n. |Classif,| Surface| Mech.
Mesh Feed Value Y Disch.] Sand "Overflow| Factor Value
% Wit, 2.1, % W | % Wt. B Wt S.U.
+ 4 % 0,08 =
6 1% 006 =
& % 0al0 =
10 Ol 0.2 X Vel =
14 See 0.2 1.1 Z Qe =
20 Test 0.1 le4 0.25
28 HO. 6 0«2 1.5 0.35
35 0.2 25 0.80
48 1.0 77 Qe 0
65 2.7 13.9 10| 1.00 1.0
100 9.1 26.0 6.6 140 9.2
150 12.7 15.3 11.8 200 23.6
200 : 16.4 11.4 1666 | 2.90 48.1
- 200 3 B7.3 19.0 64.0 14.00 89640
Total 27 | 10040 100.0 10060 | Overtiow| 9779
Mill Feed Dry Tons per 24 H, 2.64
CLASSIFIER OVERFLOYW (Finished Prod.) " 4 B ki ol 2401
Return Sand el LR 0«46
Mill Discharge L e .10
Mechanical Value of Clagsifier Overflow  Surface Units 978
i oY Peed i I aid
Crushing Work done per Ton n m 951
i i i t 24 Hours . = 2610
Crush. Work per H.P.(Total Power to 1Mill) " " 726
i 1" " " " 894

H.P.{(Crushing Power Only)




Me-dle Tegh Nos @ Cont'd. Date Feb. 12th, 1934 Page
Mill Me élis Mill Ret'n: |Elassi®. | ocurides| Mechs
Mesh | Feed Value | Disch.] Sand Overflow| Factor | Value
% Wt. Sl % Woo | % Wt % Wt. B0
e x 009 =
6 e dnue ) =
& % 0510 =
10 I}: Dele =
14 | See % Qeol) =
o0 | Test 0.4 0.25
28 | Noe 6 0.1 0.8 0.385
55 0.1 1.7 0.50
48 0.7 5.8 Q.70
65 1.7 15.3 1.2 1.00 1.8
100 7.0 2944 6+4 | 1,40 9.0
150 10.8 16.5 11.5 200 23,0
200 . 15,2 10,9 16.2 SR, 47,0
- 200 64.4 19.2 64,7 | 14.00 905.8
Total 3 27 100.0 100.0 100.0 | Overflow 986.0
Mill Feed Dry Tong per 24 Hy 2,86
CLASSIFIER QVERFLOW (Finished Prod. d I S ZeB2
Return Sand ;L E ! C.Cl1
Mill Discharge o it B e T 233
Mechanical Value of Classifier Overfl ow surface Units 086
" " " Feed J I &7
Crushing Work done per Ton il L 969
" f I " 24 Hours o | RLER
Crush. Work per H.P.(Total Power to Mill) i I 679
m n " H.P.(Crushing Power Only) i " 844




Mill Test No. @

Conttad ,

Date Fehs Zlst, 1934 Page

M11ll Meeh, Mill Ret'n, (€laggif,| Surface]l Maeh,
Mesh Feed Value 4 Digeh .| Sand "Overflow| Factor Value
| 7% Wt S 0. | & Wh. | % Wby % Wt. 8.0
+ 4 4,0 0.2 % 0.08 =
6 2246 led lx 0.06 =
8 &35 2e3 '}}C B =
10 17.0 2.0 kK B.18 =
14 Be6 1.7 X 0,20 =
20 6.8 1.7 0.6 (.25
28 4.1 1.4 0.1 0.7 0.35
35 Se2 1.6 0.1 1.4 0.50
48 Se6 Reb 0.5 6.0 0.70
65 Sed Seb 1.6 14,7 0e3 1400 Oed
100 2.4 ek 6.5 3063 Lol 1,40 Gel
150 0.4 0.8 10.4 15.4 10.1 2.00 20.2
200 0.1 0ed 15.4 10.8 15.6 220 45,2
oY, 0.3 4.2 65.4 20.1 69.6 | 14.00 975.8
Total 1000 |  27.1 | 100.0 100.0 100:0 | gyerrlow] 1047.7
Mill Feed Dy Tons per a4 B, 2e354 |
CLASSIFIER OVERFLOW (Finished Prod.) " o Re26
Return Sand LT B T e
Mill Discharge L ol 2448
Mechanical Value of Clagsgifier Overflow  Surface Units 1048
i o ¥ JEeed " i 87
Crushing Work done per Ton " B 1021
u ¥ :, 24 Hours U i 2390
Crush. Work per H.P.(Tobtal Power to Mill) i i 734
i " " H.P.{Crushing Power Only) " " 916




Mill Test No. ¥ Cont'd. Datespwdl 10¢h, 1934 Page
Mill Mech. Mill Ret'n. |Clasgif.| Surizce] Meeh.
Mesh Feed Value Y| Disch.} Sand 10verflow| Factor Value
% Wt. 8.U. - | % Wh.| % Wb, 5 Wt 8eUa
+ 4 640 0.3 x 0,006 =
6 27,5 1.6 12 0.06 s
8 18,5 1.8 ‘x Ol =
10 15.0 2:8 | 0.8 9 Ulglat o
14 7.7 1.5 0.1 0.7 % Qe =
20 Ged 1.6 0.2 1.6 0.25
28 4.2 1.5 0.2 1.8 Q.85
55 Bed 1Y 0.5 1.9 0.58
48 Se9 2.7 0.7 6.0 010
65 Deb e B 1.9 15.4 Oed 1.00 Q.4 |
100 2.8 3.9 6e4 28.6 Bed 1.40 4,8
150 047 ldd 9.2 15.8 83 | 2.00 16.6 |
200 0.5 0.9 15.2 9.8 135.4 & 590 58,9
| - 200 0.2 2.8 6746 21.0 74,6 | 14.00 1043.0 |
| Total | 1000 | 27,2 | 100,0 100.1 100.0 |Overflow| 1103.7
Mill Feed Dry Tong ner 24 H,
CLASSIFIER OVERFLOYW (Finished Prod.) " ! LR LT

Return Sand

1 1

1" 1

n

Mill Discharge

" n

" n

1n

Mechanical Value of Classifier Overflow

Surface Units

"

3] n

Feed

"

R

Crushing Work done

per Ton

"

"

"

n "

24 Hours

n

1

Crush. Work per H.P.(Total Power to

Mill)

" 1"

mn

"

1"

H.P. (Crushing Power Only)

n "




Mill Test No. B

gonit 'l .

Date April 17th, 19 34 Page

Mill Mech. Mill Ret'n. (Claggif. | Surface| Mech.
Mesh | Feed Value % Disch,. | Sand lOverflow| Factor Value
% Wt. 8.1, o Weo | % Wt % Wt. 8. Us
+ 4 4.7 Q.2 ¥ 0505 =
6 28.7 1.7 W 0e0E =
g 18.4 1.8 % 000 =
144 16.6 20 Oel X 0,18 =
14 7.9 1.6 0.1 Z Ouel =
20 6.0 1.5 Qel 1.0 Qg
28 Se9 1.4 0.1 1.7 0edD
L) Sel 1.6 0.1 1.5 0.50
48 S5 Red 0.5 B.l 00
60 Sed Oeb 1ed 12.2 0.1 1,00 0,1
100 2.7 3.8 446 3046 1.8 1.40 2.5
150 0.7 1.4 7.6 16.5 6.l 200 12.2
200 043 0.9| 11.8 9.5 11.8| 2,90 5248
= 200 0.2 2.8 73.7 21.8 80.7 | 14.00 1129.8
| Total | 100.0 26.7 100.0 100.1 10040 | Overflow| 1177.4
Mill Feed Dry Tons ner 24 H.| 1.64
CLASSIFIER QVERFIOW (Finished Prod.) " 5 Wi el 1.87
Return Sand D T 0425
Mill Discharge o i i I Re12
Mechanical Value of Classifier Overflow Surface Units| A7
" " " Peed " " a7
Crushing Work done per Ton " i 1150
" oo " 24 Hours " A &118
Crush. Work per H.P.(Total Power to Mill) n " 522
m " " H,P.{Crushing Power Only) i I 688




Mall Test No, Cont 'd, Date April 18th, 1934, Page
Mill Mech. Mill Rebtn. [Dlasgife| Surfaece| Mechs
Mesh Feed Value | Disch.] Sand 10verflow| Factor Value
% Wt. S %o Wo. | % Wt. b Wt. Ss iz
Tk OO S
6 X006 =
8 X 010 =
10 e e =
it g Wl i 0.3 % 0,20 =
50 Test Sample. 1.8 0.295
28 No. 8 1.4 0.35
35 1.9 0.50
48 8.1 Qe70
69 11.8 0.2 100 0.2
100 28.8 2.5 1.40 3¢5
150 15,9 7.4 2.00 14.8
200 E 10.6 12,9 2ald 37.4
- 200 22.4 77.0 14,00 1078.0
Total 5 _7 100.0 100.0 Overflow|1133,9
Mill Feed Dry Tons pner 24 H.{ 1.99
CLASSIFIER OVERFLOVW (Finished Prod.) " . ™ LD B
Return Sand " " A} s e
' No Screen
Mill Discharge L " mon nm {Anglysis.
Mechanical Value of Clagsifier Overflow Ssurface Units| 1134
L i N Heed i 4 er
Crushing Work done per Ton I " 1107 |
L i i W 24 Hours s a 2204
Crush. Work per H.P.(Total Power to Mill) A " 1 bag
" L " H,P.{Crushing Power Only) n n : 723




Mill Test No. 4@ Cont'd. Date April 2%rd, 1934. Page
Mill Mech. Mill Ret'n, |Classif.| Surface| Mech.
Mesh Feed Valtue ¥ Digeh.] band 10verflow | Factor Value
% Wt. S %o Wo. | % Wt % Wt. & s
+ 4 % 0,08 =
6 a2 0,08 =
8 X0l =
48 %018 =
14 See 0.6 0.7 % 0,20 =
20 Test 0.2 1.6 QeD
28 No. 8 0.2 1.4 0.35
35 0.3 1.9 0.50
4.8 0.8 S.1 Qa0
69 1.9 12.4 0.1 1.00 0.1
100 6.2 90,1 Red L.40 SeR
120 8.7 15.5 745 2. 00 15,0
200 12.7 10.6 12.5 2.90 3642
- 200 68.4 20.8 7746 14.00 | 1086.4
Total 27 100,0 100.0 100.0 |Overflow| 1140.9
Mill Feed Dry Tons ner 24 H.| 2.09
CLASSIFIER QVERFLOW (Finished Prod.) " u I Al 2.12
Return Sand nog monon | O.dR
Mill Discharge i, monon | 254
Mechanical Value of Classifier Overflow  Surface Units| 114l
I i v Fesd n L _7
Crushing Work done per Ton " " 1114
" " " 24 Hours " " 2330
Crush. Work per H.P.(Total Power to Mill) ¥ n 563
1" " " " 1 736

H.P. (Crushing Power Only) i




Mill Test No. 2% Cont'd., Date April 26th, 19 34.Page
Mill Mech., Mill Ret'n. [Clagsif.] Surface] Mech.
Mesh Feed Velue Y1.Digeh. { Sand 1I0verflow | Factor Value
% Wt. 5. U, o Wt.| % Wt % Wt. S Us
+ 4 % On0br =
6 S0 =
8 % Ou D =
10 % Oy1e =
14 See 0.1 0.1 T el =
20 Test 0.1 1,7 0.25
28 No. 8 0.l 1.5 0se5
35 Q2 1.9 0,50
48 046 6e6 0570
65 1.3 12,9 0.1 1,00 0.1
100 44D 03 2.0 1,40 2.8
1250 648 14.2 Gel 2+.00 12.2
200 12.1 Vel 11.1 ol S22
- 200 74.2 2246 8047 14,00 1129.8
Total 27 100.0 100.0 1000 | overflow| 1177.1
Mill Feed Dry Tons ner 24 H.| 198
CLASSIFIER OVERFLOV (Finished Prod.) " g L S 1,94
Return Sand B 2 i i A Oe24
Mill Discharge " n e A 2.18
Mechanical Value of Classifier Overflow Surface Units| 31177
" L " Peed 4 it _R7
Crushing Work done per Ton " " 1150
" - " 24 Hours i i _220
Crush. Work per H,P.(Total Power to Mill) i "1 _upge
n it " H.,P.(Crushing Power Only) H If 3 698




Mt Test No. 314 Cont'd, Date April 25th,19 34,Page
Mill | Mech. | Mill | Ret'n. [Classif.| Surface| Mech.
Mesh Feed Velne MeTrigeh . | Sand 10verflow| Factor Value
% Wt. Sl % Wo.| % W, % W, 8l
+ 4 XAy =
6 x 0.06 =
8 X0 l0 =
10 Ll =
14 See 0.1 el =
20 Test 0.2 1.7 Quld
28 | No. 8 0.1 1.5 0.3
35 0.2 1.8 £ 80
48 0.5 o Dutl
60 1.2 12.2 0.1 l.O_O _ 0.1
100 4,3 29.4 1.6 1.40 Re2
150 6.8 15.3 6.1 Enll) 12.2
200 10.8 9.6 10.7 LS o1l.0 -
= 200 75,8 23.4 81.5 14,00 -}141.0
Total 27 1100.0 100.0 100.0 Overf1ovllB8645
Mill Feed Dry Tons per 24 H.i1.88 ¢
CLASSIFIER QVERFLOW (Finished Prod.) " e e e e B
Return Sand - : B A
Mill; Discharge i H R L T
- Mechanical Valueof Classifier Overflow surface Units| 1187
p 2 He—Heen 4 4 27
Crushing Work done per Ton g it 1160
1 " " 24 Hours g i 2100
Crush. Work per H.P.(Total Power to Mill) i " 509
" " " H,P.(Crushing Power Only) i i ? 665




MLl Tegt No, 8. Cont'd. Date April 27th, 19 34, Page
Mill Mech., Mill ket'n: [Classif. | Surfzee] Meeh.
Mesh Feed Value | Disch.{| Sand "Overflow| Factor Value
% Wt. Sl % Wh. | % Wt % Wt. S s
+ 4 OGN
6 SR SNE S
S o e e o
10 0.6 O e
14 See 0.6 0,3 SIS
20 Test 0.5 4,8 0425
28 No. 8 0.4 3.6 0439
35 0.4 2.8 0,50
48 1.0 5.4 0.70
65 2.0 10.0 1500
100 549 25,7 1.0 1.40 1.4
150 8.3 15.8 4,1 2,00 Be2
200 12.9 0.3 .4 2.90 £7e8
- 200 674 22.3 86,6 14,00 R197.0
(Aot sl. 27 | 1000 100.0 100.0 Overflow
Mill Teed Dy Tong per 24 H. L .25
CLASSIFIER OVERFLOVW (Finished Prod.) " U momoowm 1.26
Return Sand LI T A 0.60
Mill Discharge ARG R RS 1.76
Mechanical Value of Clagsifier Overflow Surface Units| 1834
i v Eeed i A a7
Crushing Work done per Ton ! ) 1207
i " 24 Hours Y " 1509
Crush. Work per H.P.(Total Power to Mill) i " 506
" " " H.P.(Crushing Power Only) i i 645




Mill Test No. 18 Cont'd. Date . 1. .Pag:e )
Mill Mech. Mill Ret'n. |Clasgsif.| Surface| Mech.
Mesh | Feed Value Y} Disch.{ Sand "Overflow| Factor Value
% Wt. S il % Wt | % Whe % Wt. Sy iy
+ 4 % G008 =
6 % 0,086 =
8 el 0
10 Py £ 0Vla =
14 | See 0.1 0ud- x 0.20 =
20 Test Pt P D8
28 | No. 8 0.1 1.5 0.35
35 8.8 1.8 0,50
48 0.6 Bl 0.70
£ e Osi 1:00 vt
100 ke 500 | iaum 1,40 a_
150 P 14.9 5.6 2400 Sha
200 | sae - 10,8 2490 30,7
- 200 .o o 8.0 14,00 ' lagnyy |
Total 27 1100.0 100.0 100.0 Overflow| 1990 4 |
Mill Feed Dry Tong per 84 H.i  1s8&
CLASSIFIER OVERFLOW (Finished Prod.) " Wou 1.80. |
Return Sand G SR 0,21
Mill Discharge gl o .01
Meghanical Value of Clasgifier Overdflow curface Unitgi JA88 ..
il u 4o Beed I i _7 ,
Crushing Work done per Ton U I 1165 |
" ool " 24 Hours " g 2145 |
Crush. Work per H.P.(Total Power to 2Mill) " L . .
n i " H.P.{(Crushing Power Only) 1 I 3 702




Mill Test No. 4 Cont'd, Date April 29th, 1984, Page
Mill Mech. Mill Rebt'n. (Claggif.| Surface| Meeh.
Mesh Feed yialue Y Dised.§ Sand 1O0verflow | Factor Value
% Wit. Sull, h Wt.| & Wt % Wt. SeU.
+ 4 x 008 =
6 x 0.06 =
5 | x 0.10 =
10 0.1 X 0.1l =
14 See 0.1 042 % Opel] =
20 | Test 0.1 1.2 0.25
28 | No. 8 0.1 1.1 O a5
35 0.1 1.8 Qs
48 Qs4 _Bed 0.70
69 1.1 13.1 0.1 1.00 0.1
100 3.7 30.2 1.7 1,40 2,4
150 6.1 14.3 5.4 2,00 | 10.8
200 10,5 9.3 10.4 2420 30.2
- 200 77.7 234 82.4 14.00 (11686
Mgoal - |27 [00.0 100.0 10040 Overflow(1197.1
Mill FPeed Dry Tons ner 24 H.| 1491
CLASSIFIER QVERFLOW (Finished Prod.) " ! e e e 1.91
Return Sand i i B e 0,17
Mill Discharge i U LSS 208
Mechanical Value of Clagsifier Overflow Surface Units| 1197
4 i - Feed : Y _7
Crushing Work done per Ton il o 1170
i " n " 24 Hours A 4 _223
Crush. Work per H,P.(Total Power to Mill) i n 465

" 1" n

H.P. (Crushing Power Only) Y iy




Mill Test No. 38 Cont'd. Date April 29th, 1934, ?ai;e >
Mill | Mech. | Mill | Ret'n. |Classif.| Surface| Mech.
Mesh Feed Value Y Disch.] Sand 10verflow| Factor Value
% Wt. S U o WE. | % Wt % Wt. Sl
+ 4 OO =
6 X 006 =
5 X 0510 =
10 0.1 SRk e
14 | see 0.0 0.2 % Daal) =
20 | Test 0.1 1.1 0.25
28 | No. 8 .1 1.0 @)t
35 0.1 1.6 0.50
48 0.5 N~ Os 78
65 1.4 12.0 0.l 1.00 0,1
100 Je? Slel 1.6 1.40 2e1
150 6.0 15.6 449 2.00 9,8
200 9.7 9.1 9.2 .90 | 26,7
- 200 78.1 R34 84.5 14,00 |1180.2
Total 27 | 100.0 100.0 100.0 Overflow|1218,9 _
Mill Feed Dry Tons ner 24 H.| 1.88 _
CLASSIFIER OVERFLOYW (Finished Prod.) " 0 it 1.86
Return Sand " i s 0.21
Mill Discharge 1 il e . 2,07
Mechanical Value of Claés ifier Qverflow Surface Units| 1219
i " ey " " 27
Crushing Work done per Ton " i 1192
" n g Hours i < 2240
Crush. Work per H.P.(Total Power to Mill) i b 443
" " " H,P,(Crushing Power Only) b 3 %_ 579




Mill Test No. A& Cont'd. Date appil 29th, 19 =zg, Page :
Mill Mech., Mill Ret'n. |Classif.| Surface| Mech.
Mesh Feed Value Y Disch,} Sand 1Overflow| Factor Value
% Wt 810 % Wto | % Whe % Wt. i
| el X 0,08 =
+ 6 %006 =
S e dlQ=
10 % U, le =
14 See 0.2 Ol =
20 Test 1.4 025
28 No. 8 0.1 1.2 0.35
35 0.1 1.6 0.50
48 0.5 5,0 0.70
65 1.4 11.8 0.1 1.00 0.1
100 4,0 3063 1.5 1.40 &l
150 6e2 16.7 Ded 2+ 00 _10.6
200 9.8 9.1 10.0 2.90 29,0
- 200 779 22.7 83,1 14.00 1163.4
| Total £ 27 1100.0 100.0 100.0 Overflowl205,2
Mill Feed Dry. Tong. ner 24 H, 1.89
CLASSIFIER QVERFLOW (Finished Prod.) " 4 o Ay, 1.85
Return -Sand N S e
Mill Discharge Mol SO L~ et}
Mechanical Value of Classifier Overflow Surface Units| 1205
A o ¥ . Eeed I I 27
Crushing Work done per Ton i il 1178
" " " 24 Hours i v 2226
Crush. Work per H.P.(Total Power to Mill) I " 405
i i " H.P.(Crushing Power Only) i i % 524




Mill Test No. 39 Cont'd. Date apwil pogn 19ms Page -
Mill . | Mech. | Mill | Ret'n. [Classif.| Surface| Mech. |
Mesh | Feed Value Y Disch.] Sand "Overflow| Factor Value
E % Vs, Selly | % Wt.| % Wh, % Wt Bl
+ 4 2 0.00 =
L x 0.06 =
8 DR O RN
10 0.1 X Qe =
14 See 0.1 0.1 % 0,20 =
20 Test 0.1 1.2 Q0«25
28 | No. 8 0.1 1.3 0.35
0 0.1 1.4 0,90
48 0. A8 0.70
SR o), 1.4 3.3 1.00
100 4.2 29.4 0.8 1.40 1.3
150 6ol 19.3 3.9 Zrele .8 |
200 8.7 T e N &e20 23,8 |
-~ 200 78.6 22,7 87.1 14.00 l1219.4
_Total 27 1100,0 | 100.0 _ | 100,0 Overflowhess,3 |
Mill Feed Dry Tons per 24 H.| 3.88 |
CLASSIFIER OVERPLOW (Finished Prod.) " . W, X i 1.58.
Return Sand i il el 0.24
Mill Discharge el [N 1.80
Mechanical Value of Classifier Overfl ow surface Units| 258
i i "  TFeed m " o
Crushing Work done per Ton s 4 1226
" " " 324 Hours " "
Crush. Work per H.P.(Total Power to Mill) 3 g 362
" i " H.P.(Crushing Power Only) A " 3 456




CHECX ON TEST NO. 1

T = 222 x (0.667 -~ 0.168) - 2292

{0.573 - 0.169)

= 222 x 0,498 = 274 - 222 = 52

0.404
1ill Discaarge = 274 lbs/hr.
Classifier Overflow = 222 lbs/hr,
Send Return = B2 lous/hre
~200 274 x 0.573 = 157
222 x 0.367 = l48§ 157
52 x 0.159 = 9
Plus 274 x 0.18l - 44,1
200 222 x 0.135 = 36.6)
- ., 44.2
52 x 05146 - ?abi
Plue 274 x 0.122 = SSe b
150 222 x 0.110 = 24.4)
- 367
52 x 0.237 = 12.3)
Plus 274 x 0.110 = 30.1
jrp 222 x 0.053 = 11.8) R

- 52 x 0.296 15.4)



CikC:. ON TEST NO. 2

e = 314 x (0.586 - 0.118) - 314

{0.393 -« 0.118)

= 314 x 9.468 . 314 © 534 ~ 314 = 220

i1l Discharge = 534 lbs/hr.
Classifier Overflow = 314 lvs/hr.
Return Sands = 220 lha/hr.
-200 B34 X 393 = 210
314 X .586 = 184)
210
220 x .118 = 26)

Plus 534 x .16} = 86
200 3314 x .176 = 55) 80
220 x L1156 = 25)

Plus 534 x .169 = 90
150 314 x .151 = &7) %
220 x .196 = 43)

Plus B34 X .185 = 99

. = 25
100 314 x .080 = ) 105

220 x 385 78)



CHECK ON TEST M0. 3

T = 338 x {0.535 - 0.154) ~ 338

{0.431 - 0.154)

338 x 0,38l - 358 = 465 -~ 338 = 127

L]

0.277
¥ill Discharge = 465 1bs/nr.
Classifier Overflow = 338 lbs/hr.
Return Sands = 127 lbs/hr.

-200 465 x 0.431 = 200
338 x 0.536 = 181)
127 x 0.154 = 19) R0
Plus 465 x 0.160 - 75.2
127 x 0.117 = 16.1)
Plus 465 x 0.158 = 743
150 388 x 0.152 = Bld) .o o
127 x 0,169 = z1.5) =
Plus 465 x 0.150 z 70,6
100 338 x 0.115 = 38.9) 6.5
127 x 0.288 s 56.6) v*



Plus

Plus
150

Plus
100

CHECK ON TEST NO. 4

7 » 220 x {0.640 = 04190) -~ 220

(0573 - 0,190)

= 220 x 0.450 - 20 = 268 - 220 = 38

0.383

Will Discharge
Classifier Overfiow
Heturn Sands

" n

220 x 04640
38 x 0.190

nwnn

268 x 0.164
£20 x §.166
38 x 0,114

268 x 04127
220 x 0.118

([ I

258 x 0.091
220 x 0.066
38 x 0.260

258 1bs/hr,
220 1bs/nr.
38 lbs/hr.
148
141) 148

7)
42.3

36.5)
a.5) 40-8
52.8

26.0)
B.g) S1-8
23.5

14.5) 4.0
9.9)



CHECK ON TEST NHO, b

T = 193 x {0.647 -~ 0.193) = 193

Ceb44 ~ 0.193

~ 193 x 0.454 = 104 ~ 1952 1

0.451

2111 Discharge
Clasgifier Overflow
Return Sande

200 193 x 0.644
192 x 0.647
1 x 0,193

Plus 183 x 0,162
200 192 x 8.162
1l x 0.109

Plus 193 x 0.108
150 392 x 0.115
1l x 0.1656

Plus 193 x 0.070
100 192 x 0.064
1 x 0.29

nusn H ou " ouu

o

#un

194 }.bs?b.\'.

192 1lbs/hr.
1 1bs/nr.

124

22.1)
Uel)

15,4}
0e3)

124

29.95

Shel

20.8

RS

135.5
13.7



CHECK ON TEST HD. 6

T = 188 x {0.697 - 0.201) - 188
{0.654 - 0.,201)

= 188 x 0.496 - 188 = 206 - 188 = 18

0.453
1311 Discharge = 206 lbs/hr.
Classifier Overflow = 1. lve/hr.
Return Sends = 18 lbs/hr.
=200 206 x Q0.652 = 136
188 x 0.697 = 13) 155
18 z 0,201 - 4)
Plus 206 x 0.164 = 1.7
200 188 xz 0.155 = 29,3 51.2
18 x G.108 = 1.9) :
Plus 206 x 0.104 = 2l.4
1580 3188 x 0.101 = 13.0}) 01.8
18 x 0.15¢ 2 2.8) .
Plus 206 x 0.065 - 135.4
100 188 x 0.044 = 8,3} 13.8
18 x 0,303 = 5.5) *



CHECK ON TEST HO. 8

’a‘
n

{60736 - 0.218)

= 166 x C.589 = 156 = 177

0.818

¥il1l Discharge
Claasifier Overflow

Retum Sands

-200 177 x 0,736
186 = 0.8C7
21 x 0.216

Flus 177 x 0,117
200 166 x G.113
21 x 0,095

Plus 177 x 0.074
160 156 x 0.061
2l z 0.165

Plus 177 x 0.048
100 1566 x 0.018
£l.x 0.505

nen o s

winan

L ]

R ¥ H

156 x {0.807 - 0.218) - 156

- 166 = 21

177 lbs/hr.
i

56 lbs/ar.
21 1ba/hr.
130
126)
4y 10
20.7
17.6)
2.0) 19.6
1341
9.5)
z.g) 1840
8.5
2.8)
6.4) 92



CHECK ON TEST NO. 10C.

TS 177 x {0.778 =~ 0.208) = 177

{0.684 ~ 0.208)

- 177 x 0.510 - 177 = 212 - 177 = 35

0.476
#i1l1l Discharge = 212 lbs/hr.
Classifier Overflow = 177 1bs/hr.
Return Sande = 56 1ve/hr.
-200 212 x 0.684 = 145
177 x 0.778 = 188) 4.
35 x 0,208 = 7)
Plus 212 x 0.127 = 2649
200 177 x 0.123 = 2108) 25,5
36 x 0.106 = 5.7)
Plus 212 x 0,087 = 18.4
150 177 x 0.075 = 18.3) 459
35 x 0.156 = 5.4)

it
o
&2
L

s

Plug R12 x 0.062
100 177 x 0.023
35 2 04301

U
>
L ]
w
L



=200

Pluse
200

Plus
150

Plus
100

CHECK ON TEST NO. 11

T = 162 x {0.807 = 0,225} =~ 182

(0,742 = 0.286)

= 162 x 0.582 ~ 162 = 182 - 162 = 20

0.517

1411 Discharge
Classifior Overflow
Return Sande

182 x 0.742
162 x 0.807
20 x 0.225

182 = 0.12)
162 x O.111
£0 x 0.089

182 x 0.068
162 x 0.06%
20 x Gal@

182 x 0.045
20 x G306

i

ks

"t

2o n o

it ou

182 1bs/hr.
162 1bs/hr.
20 1bva/he.

1%1)
4)

18.0)
1.8)

9.9)
2.c

oG}

3423}
6.1}

135
1356

R2.0
19.8

12.4
12.7

8.2
9.5



CHECK ON TEST NO. 1llA

T =155 x {0.8565 - 0,234) - 156
{0.758 - 0.234)

165 x 0.621 - 155 = 184 - 150 = 29
0.524

Mill Discharge - 184 lvs/hr.
Clasgifier Overflow = 165 lbs/hr.
Return Sands = 29 1bs/hr.
-200 184 x .758 = 139
155 x .856 s 132)
29 x 234 z 7) 199
Plus 184 x .108 = 19.8
200 155 x .094 = 14.6) 0.5
29 x .096 = 2.8)
Plus 184 x .068 = - 12.5
150 155 x .041 = 6.4)
29 x 1563 = 4.4)
Plus 184 x .043 = 7.9

29 x 294 8.5)



=200

Plus
200

Plus
150

Plus
100

CHECK ON TEST RO, 12

T8 105 x {0.865 - 0.223) - 105

(0.674 - 0.223)

= 105 x 0,632 - 105 = 147 - 105 = 42

0.451

i1l Discharge
Classifier Overflow
Return Sands

105 x 0.855
42 x 0.283

147 x 0.129
105 x 0.0%4
42 x 0,093

147 x 0.083
105 x 0.041
42 x 0.158

147 x 0.059
105 x 0.010
42 x 0,257

147 1vs/hr.
105 1bs/hr.
42 1bs/hr.
99.1
a2
19.0
g:gi 13.8
12.2
s 100
8.7
1é:g§ 11.8



CHECK ON TEST No. 13.

D = 150 x (04820 ~ 0.223) =~ 150

t°o758 - 00225)

= 150 x 0.597 = 150 = 167 -~ 150 = 17

Mill Discharge
Classifier Cverflow

Return Sands

-200 167 x 0.758
150 x 0.820

Plus 167 x 0.111
200 150 x 0.106
17 x 0.096

Plus 167 x 0.065
150 150 x 0.056
17 x 0.149

Plus 167 x 0.041
100 150 x 0.017
17 x 0.300

unwn ioun noun

" ouni

167 lve/hr.
150 1bs/hr.
17 1lbs/hr.

122)
4)

15.9)
1.6)

8.4)
2.5)

2.6)
5.1)

126
126

18.5
17.4

10.8
10.9

6.8
7.7



CHECK ON TEST NO. 14

T S 159 x {0.824 - 0.234) - 159

{0777 - 0.234)

"

159 x 0.590 = 159 = 173 - 159 = 14
0.543

Kill Discharge = 173 1bs/hr.
Classifier Overflow = 159 lbs/hr.
Return Sands = 14 lbs/hr,
-200 173 x 0.777 = 134
169 x 0.824 = 131) 134
14 x 0,234 = 3)
Plus 175 x 0.105 = 18.2
200 159 x 0.104 = 16.5) ’
14.x 0.093 = 1.3) 178
Plus 173 x 0.061 = 10.5
150 159 x 0.086 = 8.6) 10.6
14 x 0.020 = 2,0) ¢
Plus 173 x 0.064 - 6.4
100 159 x 0.027 = .7} 6.9
14 x 0.042 = 4.2) ¢



CHECK ON TEST NO. 15

T =155 x (0.843 - 0.234) - 155

(0.781 = 0.234)

1556 x 0.609 - 155 = 173 - 185 = 18
0.547

111 Discharge = 173 lbs/hr.
Classifier Overflow = 156 1bs/hr.
Return Sands = 18 lvs/hr.
=200 173 x 0.781 = 136
166 x 0.843 = 131) 135
18 x 0.234 = 4)
Plus 173 x 0.09% = - 16.7
200 155 x 0.092 = 14.5) 464
18 x 0.091 = 1.6)
Plus 173 x 0.060 - 10.4
150 1556 x 0.049 = 7.6) 10.4
18 x 0.158 = 2.8) *
Plus 173 x 0.039 = 6.7
100 155 x 0.015 = 2.2) 4.8
18 x 0.311 = 5¢3)



Plus

Plus
150

Plis
100

CHECK ON TEST NO. 16

T = 154 x {0.831 =~ 0.227) - 154
(0.779 -~ 0.227)

Mill Discharge
Clessifier Overflow
Return Sands

168.5 x 0.779
154 x 0.831
14.5 x 0.227

168.5 x 0.098

154 x G.100
14.5 x 0.091

168.5 x 0.062
154 x 0,053
14,5 x 0.167

168.5 x 0.040
154 x 0.015
14.5 x 0.303

nun Huas nun

164 x 0.604 - 154 = 168.5 ~ 154 = 14,5

168.5 ibg/hr.

154

lbs/hr.

14.5 lbs/hr.

128)

16.4)
1.3)

8.2)
2.4)

2.3)
4.4)

131
131

16.5
16.7

10.4
10.6

6.7
6.7



Plus

Plus
150

Plus
100

CHECK ON TEST N0l 17

= 130 x _5_(}.37} "" 0.227} - 130

{0.786 ~ 0.227)

= 130 x 0,644 - 130 = 150 = 130 = 20

0.559

15111 Discharge
Classifier Overflow
Beturn Sands

150 x 0.786
130 x 0.871
20 x 0.227

150 x 0.087
13 x 0,082
20 x 0.092

150 x 0.0861
130 x 0.089
20 x 0.183

150 x 0.042
130 x 0.008
20 x 0.294

o n

B wn B oun s

150 1bs/hr.
130 1ba/hr.
20 lbs/nr.

i1l8
113)
5) ils

13.0

10.7)
1.8)12¢6

9.2
5el)
3.9) 9.0

6.3

1.0} ¢ 9

5.9)
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GENERAL LOG OF TESTS

Test No. 1.

Desired Conditions:-
Mill RePoMeww28.5
Feed--220 1bs/hr.
 fmoiszture in mille-30%
L.S. ratio overflowe=3.,00:1
After the mill bsd been running spproximately one hour samples were
sonmenced of the ¢lassifier overflow, mill discharge, and return
sand.
The first sample showed the circuit had not yet been built up, so no
further eamples were taken for two hours.
The last two indicated that & balance had been established so the test

was concluded.

Test llo. 2. Thig followed No. 1 immediately.

It was decided to ralse the tonnage in order to determine the capacity
of the mill at the same speed.
Conditionss=-
Mill ReP.He==28.5
Feed--315 1bg/nr.
fmoisture in mill--30%
L.S. ratio overflow——3:l
Approximately an hour was allowed before sampling, which was then carried
out for four hours. No satisfactory results could be obtained the
overflow varying from 276 to 347 lbs/hr. of solids, and no balance
being reached.

Therefore it was decided that the liquid:s s0lid ratio was too high.



Test No. 3.

The LiS:ratio was therefore reduced to approximately 2:1
Conditionss=
Hill RePM.==28.5
Feed=~325 1bs/hr.
fmoisture in mille-30%
L3Ss ratio overflow 2:1
There was again a great uneveness shown in the Gverflow_Samplea.
Therefore it was decided to take tub samples of the overflow
pulp. Two tub samples were taken at the sznc time as one
from the sempler. These immediately showed that there was a
very uneven discharge from the mill, consecutive samples, taken
for ssven minutes each, showing a variation in the amount of
solids of as much as 40 1bs/hr.
Further the amount of oversize increased considerably, averaging
about 28 1ba/hr.

This indicatad that the mill must be overloaded.

Teat lio. 4.

The feed rate was therefore dropped congiderably.
Conditions:-
1111 R.P.M.=—28.b
Feed~-225
% of moisture in mill--30%
L:S: Ratio~—2:1
After a long preparatory period samples indicated an approach to a
gtate of balance, but there still seemed to be a certaln amount of
uneveness in the flow. It was decided that the mill was still

slightly overloaded and that a drop of about 25 1bs would probably



give the capacity-point of the mill.

The oversize had been reduced to 4 lbs/hr.

Test No. b.

Conditions:~
Hill R.Pie==235
Feed--197 1bs/nr
% ef;moiéturs in mill~-30%
L:Ss ratic overflow--2:l
After two preliminary overflow samples, which gave low results, 1%
was declded that there was something seriocusly in erxror with the
equipment.
The balance of the test was gpent in taking tub samples of the whole
flow frum the classifier overflow.
From nine tubs taken, the average amount of solids was 182 lbs/hr.,
but the extreme amounts were 158 and 222 lbs/hr.
The average wos only three pounds less tiian the actual fesd rate less
the oversise. Therefore it was considered that an approximate
state of balance had been reached, but that there was some condw=

ition cauzing a very uneven discharge from the mill.

Test No. G.

It was decided to run snother test similsr to No. 5 with a careful
check being maintained over all the operating details.

However, the results were very similar to those in No. 5.



During this test it was noted that the lifters on the quick-discharge
end of the mill were not funetioning properly.

The mill was {aken down and this condition adjusted.

Further it was decided that there was not sufficient moisture in the
mill pulp and thic was raised from 304 to 40 ¢ in subsequent
teats.

At this time it was docided to build the Classifier Overflow Control
Panit. Improvemente were mafe in this after Tests 7, 8, and 9
hsd been run. It proved to be an sddition to the plant of the

greatest value.

Tast. Ho. 7.

This test was of no wvalue, as it was found that the handle on the
motor control switch had been shifted to a tap other than that

desired.

Test No. 8.

Conditions:~
Mill R.P.M.==39
Feed~~155 lbs/hr.
4 of moisture in mille=40%
LsSs ratio overflow--2:1
In this test the speed was raised to 39 R.P.M.

A balance was reached and satisfactory results were obtalned.

Test Hai .

conditions:;
M1l R.PJH.==39

Feed-~169 1bs/hr.

¢ of modsture in mille~-40%



L:S: ratio 2:1
The feed rate was raised a bit in this test.

Satisfactory results were again obtained.

Test No. 10.

Conditions:-
Mill R.P.M.~-=39
Feed~-177 lba/hr.
% of moisture in mill~--40%
L:S: ratio overflow--2:1
The feed rate was agsin raised somewhat. TFairly satisfactory

results were obtalned, but thers wac some evidence of over-

lﬁm »

Test No. 11 & 1llA.

These were run under similar conditions to No. 10, except that the
feed rate was dropped to 161 lbs/hr in No 11 and 151 lbs/hr.
in No. 10.

This was done in an attempt to determine the point of maximum

capacity at a speed of 39 R.P.il. for the mili.

Test No. 12,

After completing No. 1lA, the pulleys on the mill and motor drives
were changed t0 allow of greater spseds of rotation for the
mill.

On gstarting Test No. 12 at a speed of 44 R.P.:I. it was found that
the grate of the mill was cuipletely plugged.

After cleaning the grate it was decided to run one more test at
28.5 ReP.iie t0 see if the grate had been partly plugged in the

previous tests at 39 R.P... Therefore, the final conditions for



Test No. 12 were:=-
Mill R.P..==39
Feed=-112 1bs/hr.
% of moisture in mill=—40%
L33: ratiow=231l
The feed rate was dropped considerebly to make sure that the mill
would not be overloaded.

Satisfastory resulte were obtained.

Test ﬁOo 13.

This was a check on No. 11A and gave satisfactory results.

Test No. 14.

Conditiongs=
Mill L PuM.e—dd
Foed==l59 lbe/hr,
& of moisture in mille40%
LiS: ratio=-2:1
The speed was raised to 44 R.P.M., the other conditions belng approx=
imately the same.

The resulis were good.

Test No. 1b.

Similar to test No. 14 only the Mill Speed was raised to 47.5 R.P.H.

Results good.



Tea’g No. l6.

Conditions epproximately similar once more, except that the mill speed

was again increased this time to 52 R.P.M.

A balance was nearly reached, but there seemed some evideunce of overloading.

Test No. 17.

Therefore, the fesd rate was dropped considerably and the results then
obtained were good.
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PHOTOGRAPHS




No. 1

GENERAL VIEW OF MILLING PLANT

- Ball Hill.

= Classifier.

= Hopper - Ore Feeder.

- Conveyor Belt -~ Ore Feeder.

- Classifier Overflow Control Tank.
- Automatic Samplers.

= Calibrated Valves on Water Supply.



ORE FEED HOPPER AND CONVEYOR BELT

showing the spillway into Showing the charging
the mill, the cam-operated fric- floor and the hopper by which
tion roller arm which drives the the ore is fed onto the con-
conveyor belt, and the driving veyor belt.

mechanism of the classifier.



loe. 4

CONTROL APPARATUS AND BELL BRAKE

{2 ) CONTROL APPARATUS.

Upper Panel, left to right:-
(1) lotor starting switch with variable resistance of
o6 taps in series.
(2) Main switeh in power line from power house.
{3) Smaller resistance of 21 taps in series with motor
gtarting switch for fine adjustments of motor speed.

(4) Thompson integrating wattmeter.

Underneath Paneli:=-

(1) Two variable resistances, in series in the incoming

power line, for control of voltage to the motor.
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{2} Bleotrical rescorders for registering mill revolutions,
slassifier strokes and styokes of conveyor belt am.

On the Zables-
{1) vVoltmeter.
(2] Ammeter.
{3) At extreme right, mechanicel revolution counter attached
through Bell Brake to motor.

{b)BELL BRAKE.

Hote the brakes, band, lever am and scslej also the
fine screw adjustment for applying loads and the water spray
inside the drum of the brake for tooling.

The Brake is connected diveoctly to the motor, which
does not show in the photograph.



NOoe.

Automatic Sampler

and
Centrifugal Pump.

This sampler is at the
discharge end of the mill.
The pump delivers the

pulp to the classifier.

Auntomatic Pressure

Grease Gune.




< = Q
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Ho. 6

CLASSIFIER OVERFLOW CONTROL TANK

Control tanke.

Air line.

Gate valve with screw control.
Sampler.

Water gauge.



No. 7

SHOWING RELATION OF OVERFLOW CONTROL TARK

FO HMILL AND CLASSIFIER



Ho. 8

ORE EIXER

General view

Note the circular framework at the bottom of the hopper for
carrying a curtain to curtail "dusting"s also the space in the
platform for carrying one box set on the scales.

The one foot wvertical column, through which the ore is fed

into the hopper does not show in the photograph.



Noe. 9

ORE HIXER

B - Ten compartments are built inside this eircular box
with the chultes = C = leading out from them. The

spout revolves inside B delivering the ore into the

compartments.

E « Handle for opening the gate valve to allow the ore

$o flow from the hopper to the spout.
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