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The Economics of Tube-Milling. 

A repoTt on an investigation for the puTpose of determining tlte most 

efficient working conditions of the Tube-Jlill on metal-bearing ores. 

By H. STA:-;msH BALL, :JI.Sc., Student. 

THE investigation, the results of which are given in this paper, 
was undertaken by the author as the recipient of the Research 
Scholarship awarded by the Transvaal Chamber of ).lines in 1909, 
and in part fulfilment of the requirements for the 1\I.Sc. degree of 
McGill University, Montreal. The work was carried out at 1\fcGill 
University, in the laboratories of the Mining Department, of which 
Dr. J. Bonsall Porter is the Director. 

The treatment of the subject will be taken up in the following 
order:-

1. Tube-milling in general, showing the growth of the practice 
up to the present day. 

2. The factors governing the efficient working of tube-mills. 
3. Tests proposed and tests actually carried out. 
4. The general theories of-rock crushing. 
5. Description of the experimental tube-mill and accessory 

apparatus employed. 
6. Description of a complete test. 
7. Data and results of "Feed Tests." 
8. ,, , "Moisture Tests." 
9. , "Pebble Load Tests." 

10. \~ , , " Speed Tests." 
11. Summary of results, and deductions therefrom. 

1. Tube-milling in general, shoicing the grozcth of the practice up to 
the p1·esent day.-The modern "tube-mill" is a most efficient grinding 
machine, and is rapidly taking the place of Chilian mills, roller 
mills, grinding pans, and similar apparatus. Though used for 
many years as a cement grinder, the first reference found by the 
author to its use as an ore crushing machine was in the year 1892, 
when it was used by Dr. Diehl for grinding Kalgoorlie ores. For 
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diameter o£ the outlet to the classifier i::; 2/6 in. ancl its capacity is 
about 400 tons o£ sand with 26% moisture per 24 hours. 

At a comparatively early stage in the development of the t~be­
mill it became evident that high efficiency could only be obtamed 
by feeding a sand containing a minimum of slimes, and by reducing 
the percentage of water below the 50% first taken as a :ilan<.1anl. 
This demand has resulted in the invention of a number of <'lnsslf]cr::J 
and thick pulp feeds, of which the " Caldecott diaphragm cone," 
mentioned above, is the most satisfactory. V p to the present, 
however, no efficient means has been found for providing an 1·>:artly 
uniform mixture of coarse and fine sands in the mill feed. The 
diversion of the fine ore from the bins directly to the tube-mill, 
without passing it through the battery, is one of the strongest 
propositions put forward for increasing the efficiency of the stamp­
tube-mill combination, and a start in this direction hns already 
been made, with satisfactory results. It is remarkable to what a 
great extent fine battery crushing has given way to coarse, and it is 
possible that stamps may ultimately be superseded by other types of 
coarse crushers when the ore is to be finally crushed in tube.mills. 

2. The factors governing the efficient H"or:tillfJ of' the Tulll'-lllill.­
There are two kinds of crushing which take place inside a mill:-

(a) Crushing by shock, due to the impact of pebbles. 
(b) Crushing by abrasion, due to the rolling and rubbing of the 

pebbles, and contact with the lining of the mill. 
One form o.f crushing or the other will predominate, according to 

the type of mill used, the pebble load, and other conditions. 
Although the consideration of the tube-mill from a mechanical 

~oint of view is fairly straightforward, much experience is necessary 
m order to get the best r~sults from it. For this reason uttt·mpts 
ha~e been ma~e to determme the most economical conditions under 
whwh ~ub.e-mills can be used, taking into consideration the desired 
fine grmdmg as the end to be obtained with the least consumption 
of. power and smallest wear on pebbles and lining. These three 
pomts seem to depend on the following four factors :-

1. The pebble load. 
2. The to~nage dealt with, and the character of the sand. 
3. The thickness of pulp, i.e. the amount of water carried by the 

sand. 

4. The dia~eter of the mill and the number of revolutions. 
A chan~e m any one of the above will cause a change in two, 

and som~time~ all three of the points given. 
The mvestigation of these interesting . t pom s is obviously 
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desirable, and the subject was an eminently suitable one to be 
undertaken by a laboratory such as that possessed by McGill 
University, owing to the freedom from interference with continuous 
tests which would be inevitable on ordinary commercial plants. 

The rock chosen to be experimented on was an elmolite or­
rl.epl?-eline syenite, of. a hard uniform character, composed essentially 
of orthoclase, elreolite and horneblende (cf. Appendix) and was 
obtained from the Outremont Quarries, Montreal. This rock was 
used as it was considered to be typical of a hard compact ore. 

3. Tests propnse.f anA test:; actually carried out.-Four investiga­
tions were decided on, as follows:-

Series I.-In which the feed was to be varied, the moisture,. 
pebble load and rev. per min. remaining constant. 

Series II.-In whicb the moisture was to be varied. 
Series III.- , pebble load , 
Series Ir.- , , speed 

the other three factors remaining constant in each case. These­
are given under sections 7-10. 

Owing to doubt as to the possibility of carrying on so extensive 
an investigation as is above outlined, it was originally intended that. 
only nine tests in all should be carried out, three each in Series I, 
II and Ill; it was afterwards, however, found possible to carry out 
six on Series I, four on Series II, three on Series Ill, and four on 
Series IV, making a total bf seventeen tests. 

It was hoped that the results of these tests would clearly show 
the most economical conditions for the running of the particular 
mill in the laboratory, and that fresh light might be cast on the 
whole matter of tube-milling. As will be shown later, the results 
seem to have justified the expectations. 

The actual preparation of the rock for the investigation involved 
a considerable amount of labour and time, it having first to be 
selected at the quarries, transported to the college, packed, sledged 
and crushed to lf- in. in a "Comet" crusher. 14 tons of it had 
next to be crushed through a screen having ] 8 holes to the lin. in. 
in a •3-stamp battery, de-slimed in a classifier, and the sands dried,. 
weighed and stored. 

4. The general tlu:oril'.> of rock cru.-.:!t/ltfJ.-Standard work on this. 
subject has been carried out by V on Reytt and Argall, while among 
the more modern theories the best known are as follows :-

(a) The suggestion of :Messrs. Pearce and Caldecott, who propose 
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ffi 
· f t b the reci 1, .. ncnl~ of tho 

the representation of the e cwncy ac or Y ' · · 
diameter of the particles.* . 

(b) The theory of Messrs. Klug and Taylor th~t tho effiCiency 
factor should be represented by the squares of the chamekntl 

(c) The proposal of ::\Ir. R. \\'. Chapman,. w~o su~gests ~~t th~ 
efficiency factor the number of mesh p~r lm. m. o~ n,ny :·H J of 
screens, with a constant ratio between diameter of w1re and mesh 

aperture, i.e. Li\L.\1. Standard screens.! . 
These theories are all based on Rittinger's theory, whwh states 

that the work done in crushing is proportional to the amount of 
new surface produced. As this theory is generally recogni:-:cd to be 
only approximately accurate for coarse crushing, ancl inaccurate for 
fine, they have all a common weakness, which wonld of course be 
more prominent in comparative tests between fine and coarse 
grinding appliances than on a single machine giving only a smali 
range of grades. On account of this, great interest was aroused 
among the leaders of the mining and metallurgical professions 
when a proposal was brought forward by 1\Ir. H. Stacller that 
the only accurate method of determining the energy absorbed would 
be one based on "Kick's Law," the kernel of which is "that the 
energy absorbed in crushing is proportional to the reduction in 
volume," the volume or weight of the particles thus being the 
true basis for establishing the relative values of the work done. 

The following is a shorb resume of 1\fr. Stadler's paper on 
" Grading Analyses and their application."§ 

During some recent experimental work conducted by him on 
behalf of the "::\lines Trials Committee" in the Transvaal he 
found it necessary to establish a slightly different l':t tio to ~hat 
adopted by the Institute of Mining and Metallurgy in their :-:t;m(1an1 
table of laboratory screens . 
. He adopted a geometrical series in which the ratio between the 

sizes of the apertures in successive grades was the cube root of 
two=. ; 1 2, the first term being 1 in., the second 0·794 in. ancl so on; 
by th1~ means ~ grading is secured which is equivalent to a 
succ~ssive reductiOn by one-half of the volume (or weight) of the 
partiCles. ~hus, by reducing the cube of the unit successively bv 
one~half of Its volum~ and ass~1ming these fractures to be again ~f 
~ubwal shape, each size of th~s. series of theoretical cubes obtained 
Iepresents a grade of a reductiOn scale of the ratio 2. 

* Jl. of Chem., ~llet. & lliin. Soc. of S.A., September·· 1-906 
t Jl f tJ Cl ' March, 1907. 
+ • o ~~ zamber of Mines, January 31st, 1906. ' 

~ ; Proceed~~gs Australasian Inst. of Min. Eng., October 1909 
§ Trail.'. XIX, pp. 471-485. ' · 
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To prove that the functions of the irregularly shaped average 
particleR':' determined by two consecutive screens vary in the same 
way as the grades of the theoretical cubes, he carried out a series of 
nine tests on Rand ore, using grades from 1 in. down to 30 mesh 
(0·0166 in. aperture), and found that the ratio of decrease in weight 
of the particles of each grade corresponded remarkably well with 
the correct reduction scale of the theoretical cubes, the average 
ratio of the theoretical results being 62 ~~. 

In the explanation of his method for obtaining an exact expression 
of the efficiency of the crushing operation for comparative purposes, 
he uses the following d9finitions :-

The force required to cause a fracture is represented by the area 
of fracture over which the cohesion of the molecules has to be 
destroyed, multiplied by a co-efficient representing the resistance 
which the molecules offer to their separation. 

In order to perform mechanical work this force has to run through 
a distance which is represented by the amount of deformation the 
body can stand before reaching the breaking point. 

Hence the mechanical work done is the product of the force into 
the distance; but since, in a regular scale of reduction by volume, 
the diameters of the particles decrease in the same ratio as the area 
of fracture increases, the mechanical work necessary for reducing 
the volume (or weight) of the unit from one gr.ade to the next one 
following is a constant for each grade, and is called the crushing 
or energy unit, denoted by the term E.U. 

The ordinal numbers of any arithmetical progression given to 
these grades represent consequently the relative values of the energy 
which has to be spent upon producing this respective grade from 
the initial unit. This number is, therefore, called the "mechanical 
value '' of the grade. 

For obtaining the mechanical value of the mixed san(hi, the 
percentages of the grading are simply multiplied by the number of 
the energy units for the respective grade, and the products added. 

The " useful work done per unit " by any crushing machine is 
determined by the difference between the mechanical values of the 
samples taken from the inlet and discharge ends of the machines, 
and for obtaining the total work done this difference has to be 
multiplied by the tonnage dealt with. 

Finally the relative mechanical "efficiency'' is the value obtained 
by dividing the total work done by the horse-power consumed. 

By means of this method, it is claimed that it is now possible to 

* Experiments carri~d out on the nepheline syenite show an averagflratio 
of 72%. 
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determine with a high degree of accuracy the ro~ative merits 0i 
different crushing appliances, or the mechanical.e~cwncy of ono :t 

111 

the same machine working under varying cond1twns.. . . 
In practice this method has so far given grea~ satish~ctwn, and 

there is no denying that for laboratory purposes It snpphes a long-

felt want. 
\c; the method is based on" Kick's Law," it would not now lm ont 

of ~lace to give the chief argument used for and agaiut;t 8La<llm·'s 

use of this law. 
Kick's law states that: "The energy required for producing 

analogous changes of configuration of geometrically simila~· bodies 

of equal technological state, varies as the volume or weights of 

these bodies." 
SeYeral scientists have taken exception to the term "of equal 

technological state," maintaining that the average conditions of ore 
in general do not agree sufficiently with the premises of "Kick's 

Law" to justify its application in practice. 
Stadler, in his interesting reply':' to the discussion on his paper, 

maintains that, though perfectly homogeneous materials do not 
exist, the definition " of equal technological state " is broader ~ 
since as long as the physical peculiarities of particle!=! in different 
stages are identical, irregularities of material would be admi ttl'<l ~ 

similarly, if a conglomerate of hard and soft components wert> taken, 
although the softer material would crush first, being redtlC<·fl 
more rapidly in size, it would find its way into the spaces between 
the coarse particles, thus escaping crushing, until the coarse 
particles were further reduced. 

"When one remembers that there are over four millions of particle~ 
of the size of the 80 mesh I..JI.l\I. in a cubic inch of material, some 
idea of the averaging which takes place during crushing is obtained. 

\Yith the above facts in mind it will at once be seen how 
extremely advantageous such a method is for laboratory use, and it 
was unanimously decided that it would be applied to all crushin()' 
tests carried out in the mining laboratory of McGill Cuin;rsity. 

0 

Screens.-The screens used in the various McGill tests were the 
sta~dard set brought out by the L:\I.l\I. in London, as although 
their mesh apertures do not follow the same curve of seriation as 
Stad~er's theoret~cal apertures, it was found possible to pick out a 
restncted . set With apertures corresponding fairly well to his 

mathem~twally correct scale, and complying at the same time with 
the requirements of equality of steps from grade to grade in regard 

• Tr(tnS. Inst. Lli ]J Bull 75 d Jl 
December ht 1910 ... , · ' an ·of Chem., Jiet. d: Min. Soc. of S.A., 

' . . 
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Grading Analysis. 

I 

L\I.:.\I. :\Iesh.! \\'eights. 
Per Lin. in. 1 %· 

I 

20 
12 

12 
20 

10 
30 

12 
50 

11 
,-.;Q 

2 
1~(1 

.._1 

200 
29 

100·0 

TABLE I. 

0RDIKAL ::\0. OR :.\h::-;H YAL"CE. 

St<lcller's 
Stam1an1 Grades. 

Per grade. Total. 
E.U. E.L. 

- --~----

13 2·60 
14 
15 1·80 
16 
17 1·70 
lk 
19 2·2t:l 
20 
21 2·31 
2~ 

23 0·46 
24 
25 1·00 
26 
2'-~ 8·12 

2(}2/ 

Nearest 
l.:.\LU. Screen. 

Per grade. Total. 
E.U. E.U. 

10·00 2·60 
13·Sl 
14·9~ 1·79 
16·02 
16·91 1·69 
17·:-m 
1H·90 2·27 
20·00 
~1·0-! 2·31 
22·0.'-\ 
~~·93 0·46 
2:-:·Ti 
24·40 0·9t:; 
26·02 
2t3·00 8·12 

20·22 

9 

to the reduction in volume. The adoption of this series of screens 
has the added advantage of bringing this investigation in line with 
the efforts of the I.~\I..ji., whose standard screens represent not only 
the best and most accurate manufacture as yet produced, but also 
form a graded series which it is the Institution'~ desire to make 
standard throughout the world. 

Although the values of Stac1ler':-; standard grades are not identical 
with the corresponding I.~I.~I. screens, yet the difference is so slight 
that the former may be taken without in any way interfering with 
the accuracy of the results. How carefully the values compound 
is shown hy Table I above. 
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The list of standard laboratory screens used is givon below in 

Table II. 

TABLE II. 

Area 
Odginal numb<>· I ~o. of i.\Iesh. :\lesh Aperture. Diam. of 
or mesh value of Lin. in. Lin. in. of Wire. lJisl'itarge. 

1E."C.) Grade. I 

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

15 20 ·U~5 ·o~r; ~G·O 

17 30 ·0166 ·0] li7 ~-!·H 

19 50 ·01 ·Ol 25·11 

21 80 ·0062 ·006H ~ l·li 

:2:3 120 ·0042 ·00·:!1 ~;)·-! 

~ 

~.) :zoo·, 0030 ·002 ~;)•() 
I 

~.'-\ -200 Grade I 
I 

5. Description of the Tuhe-mill and accessory ll{!Jilii'Uflls. -The 
mill used in the tests was of the trunnion typl', and was 
formerly an old chlorination barrel. The outside dinwnsions were: 
length, 4 ft. 8 in.; diam., 3 ft. 5 in.; inside dimensions with liner 
in, were: length, 3 ft. 6 in. ; diam., 2 ft. 10 in. The tube shell was 
formed of !-in. steel, bolted to the cast iron end pirrr·s, ~ in. thick, 
which were stiffened by six 2-in. ribs. The lining of the mill 
consisted of 8 in. by 4 in. by 2! in. Silex bricks, set in patr·nt 
cement. At the discharge end of the mill was an iron ~<.:rL·en 
perforated with !-in. holes. This prevented chips of the fiint 
pebbles from being discharged with the pulp. lH-mesh sand \\·as 
delivered by means of a pipe from the bucket elevator to the 
cone, the size of the discharge orifice being altered by -:cremng 
on caps with different sized apertures. These caps were all 
previously calibrated by weighing the amount of sand flowing 
through them in certain fixed periods. The water from a tank 
under constant head entered a trough, the flow being regulated by 
means of a cock and indicator, the cock having been preyiously 
carefully calibrated. The pulp was discharged, and after being 

. * Screen manufactured by W. S. Ty1er & Co., Ohio. 
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sampled was wasted, as there was no further use for it. The 
pebbles were charged into the mill through a manhole, 15 in. by 
10! in., around the door being a flanged collar of !-in. steel, serving 
as a bearing for the ~-in. steel plate which acted as a lining at this 
point. The plate was held in place by tightening the nuts on the 
t\YO bolts which protruded through the cast iron cover-plate, fitted 
on the outside of the tube. The barrel revolved on hollow trunnions, 
and was driven, by a chain and sprocket gearing, from the stamp­
mill countershaft, which was in turn driven by a 15 hp. motor. 

A D.C. motor was used, its output being 15 hp. at 8l::l5 rev. per min. 
The electrical instruments used for power measurements were a D.C. 
voltmeter and ammeter, and a wattmeter. 

The preliminary crushers necessary were:-
1. Sledge. 
2. _-\. "Comet" crusher. 
3. Five-stamp battery, each stamp weighing 600 lb., the total 

crushing capacity being 800 lb. per hour. 
The screens used for the grading analyses were 8 in. in diam., 

and were mounted on nested circular copper boxes 2 in. deep, fitted 
to a screening machine. 

This machine was built in the shop of the ::\lining Department, 
from drawings based on a description and illustration given in a 
paper"' by .Hr. T. J. Hoover, but the apparatus is not exactly similar 
although the principle is the :-;ame. The mechanism of the screen­
ing machine is n~r_\- simple. In the original design only two springs 
were thought to be necessary, but it was found that such a 
rhythmic motion was set up between them, that they were always 
liable to wind themseh-es around the machine; by introducing a 
third spring, loosely attached at right angles to the other two, this 
motion was effectively broken up. It is claimed by Hoover that a 
complete analysis can be carried out with this machine in twenty 
minutes, but, after a series of tests the author found this was quite 
impossible, the minimum time taken for a satisfactory analysis 
being 30 minutes, and this only when the 200-mesh screen was 
tapped at frequent intervals to prevent it from blinding. This 
period was therefore adopted as the standard time for the 140 screen 
analyses which had to be carried out. 

6. Descl'ijdiull of a complete ttst. J/ ill 1·un.-The anwunt of 
material used for each test varied between 800 lb. and 2000 lb. 

Before the start of every test the sand was first screened through 
an i-in. screen to remove all foreign matter which might possibly 

• Trans. xix, p. 506. 



1:2 BALL: THE ECONO:\IICS OF TuBE-l\IILLING. 

':fi d the required quantity cardnlly block up the cone on ce, an 

Wel.ahed The moisturewas then measured and regulaL(~tl to ('Jlts.nn]~ 
o · · t · · Th theorf· I ea the pulp entering the mill in the reqmred propor wns. . 8 

1 
.- .,

1 
t f f d f the orifice of the cone was aln-':M1y known t l lUll.-. J 

ra e o ee o b .. rrlt. . the sand 
calibration but it was ahrays checked Y " 01,-, mg . 

. . ' t th d of the run In all cases these correspouded remammg a e en · . Il . 
remarkably well, the difference never bemg more than g_ I 0 '· ~Jer 
hour. The moisture was checked after each test, and can· \ras tal\en 

to keep the head of water in the tank constant .. 
The motor was :first run light for a few mmutes to enn.hl~ the 

power consumed by the shafting, belting, etc., to be ascc·J'tamc•d, 
and then at a given signal the mill was started, and t?e feed and 
moisture turned on. Power readings wt>re taken at mtervals of 
two and three minutes alternately, care being· taken thn t a power 
reading was taken simultaneously IYitb a sampl~". An ob~t>rwr was 
constantlY on the watch at the intake end of the mill to gmw1 
against a"ny stoppage of the feed. At the conclusion of the t(•st 

the feed and water were turned off and the mill stopped, power 
readings being again taken of the motor and shafting running 
light. 

The rate of flow of water and sand was found to lJL• so regular 
that it was unnecessary to take systematic moisture samples from 
the discharge. The speed of the mill was checked se1·eral times 
during each test. 

Jlet!tod of :·,·alllplinf;.-Before the start of these tests great anxif'ty 
was felt as to bow long the mill would take to assume its uniform 
conditions, and what feed, moisture, pebble load and SlHJ(•Ii it would 
require, the first of these factors being, of course, t lw most 
important on account of the comparatively small stock of prepared 
~and available for use. It was therefore resolwd that samples 
should be taken every five minutes so that their screen analyses. 
together with their respectire power readings, would clearly ~how 
how long the mill took to reach a uniform state. 'l'hi~ was clone, 
and the results of every one of the tests carried out proved in a 
most convincing manner that the mill took only 30-~5 minutes to 
assume its uniform conditions. Samples of the sand feed \Ytc>l'e also 
constantly taken, and at the end of the test combined into two 
large samples, each of which was Fmbjected to screl'n analysi". and 
the mean result taken as representative of the sand used. · 

After a st~fficient number of tests had been run to make it clear 
that~ 30 mmutes: run could be relied upon to gi...-e unifol'mity, the 
practice of sa~plmg the discharge was changed, and no samples 
were taken until 35 minutes had elapsed from the start of the test. 
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The actual length of the tests varied from 45 minutes to 1 hour, 
as it was found that this period was of sufficient duration to give the 
dat::t required. 

Screen Analyses.-The samples were first decanted and then dried, 
bagged and ticketed. Each sample in turn was next mixed 
thoroughly, sampled on the riffle plate, and a quantity of 200 grm. 
accurately weighed out and screen analysed in the "screening" 
machine for a period of 30 minutes. Each screen at the conclusion 
of the run was taken individually, carefully brushed, and its product 
weighed and mechanical value calculated. The method of first 
washing the fines through the 200-mesh screen, drying and screen 
analysing the oversize was tried, but so little difference was found 
in comparison with the dry method that it was decided to employ dry 
screening throughout. The screening machine proved a great boon, 
for the total time for each screen analysis, including preparation and 
weighing, averaged only 40 minutes, against about 1! hours by the 
" hand method." 

In addition to this, and of even greater importance, is the fact 
that all tests on the machine are strictly comparable, whereas hand 
work is bound to be variable in spite of every effort of the 
experimenter to use the same force and rate of shaking throughout. 

SERIES I. 

7. Data mzd results nf F'eflrl Tests.-In the first series of tests the 
rate of feed was varied, and the other factors of moisture, speed· and 
pebble load were maintained at a constant figure. 

SDDL\RY OF TESTS. 

Feed Pebble I ~Ioisture. Rev. per Horse- Work 1 M~~ha:~~~al 
Test. per Load. Min. power. done. per Efficiency 

2-± hours. ! umt. 1 per hp. 
-----

Tons. lh. % 
P. 7·'2. 1200 38 41 6·3 3·89 -!·-!5 

c. 9·6 1200 3:-; .n 5·0 3·H6 6·-J..) 

*B ..... 12·6 1200 38 41 5·1 2·82 1•02 

0 ..... U·J 1200 38 H 5·6 '2.•91 7·48 

*+A ..•••• 18·6 1200 38 41 5·8 '2.·5:-; 8·2!1 

R ..... 23·0 1200 38 -U 6·6 '2.·09 7·'2.H 

*Data computed from" moisture-efficiency" curve (Fig. 3, p. 2H). 

t }.Lost efficient feed 
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CRUSHING EFFICIE:\C\. 

Test. Feed per to "-120 grade" ! Total Fe~ d. 

I 
No. of tons crushed l'ercentage of 

-2-4 _ho_u_rs_. ___.,., per 24 hours. 

1 

~ 

Tons. 
31·5 7·2 2·27 P. ·················· .. 

9·6 2·54 26·il c. ···················· 
12·6 2·95 ~:)·!) B. ···················· 

0. 14·4 3·31 ~a·o ........... ·········· 
*A. 18·6 3·96 ~H~ 

···················· 
R. ···················· 23·0 3•7g Iu<; 

In all the following discussions the term "efficiency '' is used for 

the relative mechanical efficiency per hp. 
In the above series of tests, shown in Fig. 2, six di:fl'erc·ut feC'fls 

were experimented on, varying in amount from 7·2 tons to 2S tons 

per 2:l hours. In the case of four of them, the moisture was kept 

constant at 38 %· In the fifth, Test "B," it dropped to 37·7 o,,, 

whilst Test "A " was run with 33 %· 
As it was necessary to bring the two latter tests into line with 

the former for comparative purposes, the "moisture efficiency" 

cnryes (Fig. 3, Series II) were examined to see if this "l'l'e 

possible. 

It was found that with a feed of 12·6 tons per 2:1. hours, the 

efficiency, with 33 °/o moisture, was 6·66, whereas with HH% it >ms 

7·02, a difference of 0·36. ·with a feed of 18·6 tons per 2:1.: hours 

the efficiency was 7·76, with a moisture of 33 % (Test "A"). 

Assuming that the moisture efficiency curvet wonld be of the same 

character as that obtained for the smaller foec1, the efficiency for 

38% moisture was found to be 8·29 by a simple proportion 
calculation, as follows:-

12·6 : 18·6 :: 0·36 : X :. ~· = O·G:-1. 
Hence efficiency = 7·76 and 0·53 = 8·29. 

The hp. was calculated similarly by applying the same Yalue to 
the "moisture power" curve.t 

The data for Test "B" were deduced directly from the curves. 

~ ~\I~st efficient feed. Data obtained from "crushing-efficiency" feed curve 
(F1g. :::. p. 16). 

t Fig. B, Series II. 
! Fig. ·\ Series II, p. 35. 
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On examining Fig. 1 it will be seen how well the point (A) 
conforms to the curve, and, as the curve was drawn originally 
without the use of this point, the result indicates that this method 
of deducing data for one test from curves of another is of more 
than passing interest. 

Taking the summary of tests in conjunction with Fig. 1, it 
seems exceedingly probable that the most efficient feed has been 
found, abo\'e which the efficiency rapidly decreases. 

Starting with the small feed, the efficiency is only 4·-!5, but 
gradually increases until at the point m it is at a maximum, 
indicating that the best feed is one of 18 tons per 2-! hours, 'vith 

I i I i ~ 
ml I 

I 

i 'I 
I /i ' -.... ~ 

,,,.. I -- I I 1/. 
I LnC.~,.f' -- i /R 

8 

! -s!t.'"', --A-
A;/ •O •' 't-, 

\r 1<=-e)•,. I ./ I --._R 

7 \ / ·~=~ / -
\ / ~oo-· 

\• ,/ .o.·./ 
I • i' / boY' 

I 1\ IL .a"'~ ..... 
I '\ I , 

r. ~.r ,, ,' ./' 
I \'/ /I" 
! 1'. v· 

, 1\ ./ I , 
, i\ ./ 

/1 \t •""'B I 
5 

'I / i I 

I•'P 
..__ _L I 

I I I 
I 

8 9 10 If 12 13 14 15 /6 17 /8 19 zo 21 22 23 
---------'-Peed: Tons per 24 hours.--------

FrcT. 1. 

6·8 

6·6 

6·4 

6·2 

6·0 ~ 
3 

5·8 8. 
I 

5·6 ~ 
0 

5·4 l: 

5·2 

5·0 

4·8 

an efficiency of 8·05; beyond this point the efficiency drops until 
with a feed of 23 tons per 2-! hours it is equal to 7·28. 

Taking now the feed-power Clll've, it will be seen that the power 
is relatively high with a small feed, but drops rapidly until it is at 
a minimum at point 11', indicating that a feed of 10·5 tons per 
2-! hours would require the least power of all; beyond this point it 
gradually increases, following practically a straight line. It will 
again be noticed how relatively close point A falls to the curve. 

Examining next Table II, crushing results, with appended 
"crushing diagrams," Fig. 2, it is interesting to note that the 
net output of "-120 gnl(1e" per 24 hours gradually increases 
with th(~ feed. Between points 0 and H, however, there is only an 



lfi BALL: THE ECOXO:.\IICS OF TUHE-:.'\lli•I•ING. 

~ 

't 

a------------~~----~~~ 

~ 15--~~---~--~~ c 
~ :o -----:----~;'-------:---~~:::;:::;~ 
~ 5--~--+-------

1 

30------------------~~ 

t :: __ 

Test "V 

7 
7 

, 
i 

, 
4 

-

~f-~ 
I 

~ ~~ 
/....., 

I 

I 
I 

I \_ 
I 

I 
I 

Test "0'.' i 

I 

-200 
--------------~ Mesh. 

20 30 50 80 120 200 2o JO so 80 eo 2·J_-, - c- "O 

:i ";J4·0 
0 

I .(: 

~3·6 

~3·2 I 
(I? 

,0.2·8' 
§ ! 
,I 2·4 

V) 

c 
12 2·0- l 

__ L __ 
I, 

q 8 12 /6 :oo 
Feed: Tons per 24 hours.---- . . ·----
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increase of 0·46 tons of "-120 grade," this apparently showing 
that the most efficient feed will lie somewhat between these two 
points. The probable curve was drawn (Fig. 2), and from it the 
data for Test "A" taken. The curve apparently shows that the 
best crushing efficiency, i.e. highest net output of "-120 grade," 
will be given by a feed in the neighbourhood of 20 tons per 24 hours. 

The crushing diagrams were obtained from the average screen 
analyses of the inlet and discharge samples of each test taken after 
the mill had assumed its uniform condition·s. The black outLine is 
obtained from the average screen analyses of the intake, the dotted 
from the discharge. 

The abscissa of the diagram was first plotted with Energy Units, 
and the corresponding mesh then substituted, e.g. 20 mesh for 
15 E.r ., 80 mesh for 17, and so on. 

These diagrams show extremely well how .uniform was the sand 
used, and the changing point of the decrease of "-80 " to the 
increase of "+80" product occupies practically the same position 
on each of the diagrams. 

In experiments carried out by ~Ir. H. W. Fox at the Colorado 
plant of the United States Reduction and Refining Co., he found 
that above the most efficient feed the fine grinding gradually 
decreased, the power, however, decreasing also.* 

It seems probable, therefore, that if further tests had been carried 
out by the author with heavier feeds, the grinding efficiency would 
have continued decreasing, but the power curve "\yould have started 
to droop. 

It is somewhat difficult to compare these tests with those· of 
Fox as he experienced great difficulty in keeping his moisture 
constant, it varying as much as H% in two consecutive tests. As 
this has been proved to make a great difference in the efficiency of 
the mill, only a rough comparison is possible. 

* .l!inPR and .llineral.~, vol. xxviii, p. 237. 
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T:EST "B." (FIG 2.) 

Feed . . . . . . . . . . . . . .. .. .. .. .. . . . . 12·6 tons per 21 hrs. 
Moisture......... . . . . . . . . . . . . . . . 3 7 ·7 %· 
Pebbles . .. . . . . . . . .. . . . . . . .. . .. . 1200 lb. 
Rev. per min ................ .,.. 41. 
Length of Test . . .. . . . . . . .. . .. 60 minutes. 

Remarks. Time. 

Running Light .............. . 
:\Iill on. Starting Torque... 12.00 

Start of Test ................. . 12.0~ 
1~.05 
12.07 
12.10 
1~.1~ 

12.15 
12.17 

Sample B1 taken ............... ! 

" 

" 

" 

" 

" 

B2 , ............... i 

B3 " .............. I 12.20 
I 12.22 

B4 " ............... I i~:~~ 
B5 , ............... : 12.30 

I 12.32 
B6 ., ... ············ 12.::35 

12.37 
B7 , ............... 12.±0 

12.42 
BB , ............... 12.-15 

I 12.4.7 
B9 , ............... 1 12.50 

12.52 
BlO " ............... 12Ji5 

Test ended 
Hunning Lig·ht .. ::::::::::::::: 

12.57 
1.00 

27 
100 
63 
()2 

61 
61 
61 
61 
61 
61 
61 
61 
62 
62 
62 
62 
63 
63 
62 
63 
63 
(i4 

64 
G4 
63 
63 
64 
29 
28 

,. :mn assumes uniform conditions. 

Volts. I 

108-1 
106 
lOG 
lOG 
106 
1 (J() 

106 
106 
106 
lOG 
106 
106 
106 
106 
106 
106 
10(:) 
106 
106 
106 
IOn 
106 
106 
106 
Ion 
106 
lOG 
110 
110 

Watb. 

2916 
10Hl2 
fifi/H 
();)72 
6466 
ti.lGu 
6466 
6466 
6466 
G46fi 
(j 41i(i 
11466 
(j5/2 
6512 
Gi';/2 
().j/2 
()fj/i) 
(j(jj,'-) 

().}/~ 

667H 
6671:) 
fi/H-1 
6784 
Ci/HJ 
G678 
G678 
G7H4 
3190 
i3190 
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GRADING A~ALYSES. 

l:STAKE. I DISCHARGE. 

Screen. 1 ___ 1 

_____ 1,~1~ ~-· ~--~-~~~~~ ~ 
20 ..•... 

30 ..... . 

.50 ....•• 

80 ...•.• 

120 ..... . 

200 ..... . 

-200 .•.... 
Loss 

correction 

Total ..... . 

Screen. 

11·00 

19·50 

21·00 

19.00 

11·75! 

20•00 I 

21·25 

18·50 

10·50 I 10·25 

9·25 8·75 

1·00 

5·50 

17·75 

14·00 

15·50 

0·75 i 
I 
I 

5·00 i 

0•75 I 

I 
5•75 I 

0·75 1 

4•75 I 

I 

I 

0·75! 

5·50 i 
I 

0·75 

4·50 

16·25 I 16•75 , 16•25 i )7·50 i 15•00 
I 

23·75 24·~5 I 24·25 24·00 I 23·75 

14•25 1 1-!•25 

13·50 13·25 

14·50 

13·50 

14·00 i 15·00 

13·00 i 15·00 

9·75 9·50 21·00 I 26·25 24·75 25·75 25·00 26·00 

0·25 0·25 i 0·25 0·251 

' 100·00 
1

1100·00 ! 100·00 ; 100·00 : 100·00 i 100·00 100·00 1100·00 
' ' I I I I 

:\!ECHA:\ICAL Y AL"CES. 

l

l INTAKE. -~~-~~~L\l~GE. 

~~]H! Ba,l Bb. Bl. B2. i

1

1 

B3. I B4. I B5. B6. 

~>~Cl I I I 

-2-0.-.-.. -.-. ~ ~---;;7 ~~~; O·UF~~-0·11 
30...... 17 3·32 3·40 0·93 0·85 I 0·98 I 0·81 0·93 0·77 

50 ...... 19 3·99 4·0~ 3·38 3·091 3·181 3·09 3·33 ~·8.) 
80 ..... . 

120 ..... . 

200 ..... . 

-200 ..... . 

Loss 
correction 

21 3·99 

23 2·42 

2.') 2·32 

28 2·73 

-

3·98 5·20 

2·36: 3·22 

2·191 
I 

3·88 I 

.)·!;8 2·66. 
I I 
I 

I 
I 

4·98 5·09 ;)·09 4·98 4·93 

3·28 3·28 3·34 3·22 3·4.') 

3·38 3·31 3·38 3·15 ;~·7.) 

i·;).) 6·93 7·•)1 I 
~ : 

7·00 I 7·2H 

0·06 O·Ot\ 0·061 0·06 

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

:\Iechanical value 
1 

of sample . . . . 20·42 20·40 ~2·7-! :W·lO 22·94 23·09 22·78 *23·14 

• ::\Iill assumes uniform conditions 
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DISCHAlWE. 

(Continued from p1'evious page.) 

GRADING ANALYSF.S. 
---------::----;--- --- ------

I Screen. 1 B 7. B 8. B 9. B 10. Scrccn.l B 7. 
I 

B B. B 9. I B 10. 

------ ----1 
20 0·7;) . 0·75 0·75 0·75 20 0·11 

30 4·50 I 5·00 5·:25 5·00 30 I 0·77 

o·~~-~~-;.;1 
0·85 0·89 . 0·85 

50 15·75 15·00 15·00 15·00 
80 2-!·:25 24·00 24·00 23·00 80 .5·10 !)·Oi 5·041 t·9:S i 120 U·OO 14·00 14·50 14·75 120 3·22 3·22 S·H4 :l·cl!~ 

200 14·50 14·25 13·50 14·00 200 3·62 H·.')fj 3·38 a-:iO 

-200 26·25 27·00 26·75 27·00 -200 

Loss 
Correction 0·25 

EFFICIEXCY. 

7·35 . 7•G{j I 7 .j',l 

I 

0·06 

Capacity of mill .. . . .. .. . .. .. .. .. . . .. 12·6 tons per 2-t honrs. 
Total power consumed .. .. . . .. . .. . 67 -!4 watts. 
Power consumed (running light) 3052 , 

Power consumed by mill ........... . 
Mechanical value of discharge .. . 

, intake .... .. 

3692 
23·18 
20·36 

Work done per unit .. .. .. 2·82 

= 5·0 hp. 

Relative mechanical efficiency per hp. . •• 
2

·&
2 ~ 12·6 = 7.11 
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TEST "0." (FIG. 2.) 

Feed .............................. 14·4 tons per 24 hours. 
:Moisture .. .. . . . .. . . .. .. . .. . .. . . . 38 ~~· 
Pebble load .................. 1200 lb. 
Rev. per min ................... 4.1. 
Length of test ............... 45 minutes. 

Intake. Discharge. 

Screen. 

Grading Analysis. Grading Analysis. 

20 

30 

50 

80 

120 

200 

-200 

12·0 

21·0 

22·0 

19·0 

9·5 

8·0 

8·5 

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

ToTAL 100·0 

EFFICIENCY. 

1·0 

6·0 

16·5 

23·0 

14·0 

14·0 

25·5 

-----

100·0 

Capacity of mill ........................ 14•4 tons per 24 hours~ 
Total power consumed ....... .-..... 7126 watts. 
Power consumed (running light) 2956 -~~ .. _.-.'. ·~ .t 

Power consumed by mill , :::::: . . . . . . 4170 
" = 5·6 hp. 

:Mechanical value of discharge .... 23·00 
, , __ '·_J_~take ...... 20·09 

.. 'r..~ '\rl 
\Vork done per unit......... 2·91 

R 1 . - h . l ffi . . h 2·91 X 14·4 e ative mec aniCa e c1ency per p ....... --
5

.6 - = 7·48. 
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"TEST C." (F:w. 2.) 

Feed ............................. . 9·6 tons per 2l huurs. 

:Jloistnre ...... · .. · · · .. · · · · · .. ·.. 38 %· 
Pebble load .................. ·.. 1200 lb. 
Rev. per. min ................. ·· Jl. 

60 minutes. Length of test ......... · ........ 

!Htake. Discharge. 

Screen. --------~----------

Grading Analysis. Grading Analysis. 

----~!--
20 

30 

50 

80 

120 

200 

-200 

ToTAL ...... 

12·0 

20·0 

21·5 

18·5 

9·5 

9·0 

9·5 

100·0 

EFFICIEi'iC'Y. 

0·5 

3·0 

12·0 

22·0 

16·0 

1G·iJ 

30·0 

100·0 

Capacity of mill........................ 9·6 tons per 24 hours. 
Total power consumed ............ 12,396 watts. 
Power consumed (running light) 8,640 , 

Power consumed by mill ............ 3,756 , = 5·0 hp. 
Mechanical value of discharge... 23·61 

, , intake . . .. .. ~0·25 

Work done per unit...... 3·36 

Relative mechanical effici~ncy per hp 3'36 X 9·6 .... 5·0 = 6·45. 
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TEST "R." (FIG. 2.) 

Feed.............................. 23 tons per 24 hours. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . 38 %· 
Pebble load . . . . . . . . . . . . . . . . . . . . . 1200 lb. 
Rev. per min ................... 41. 
Length of test.................. 60 minutes. 

Intake. 

Screen. 

Grading Analysis. 

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

20 

30 

50 

80 

120 

200 

-200 

ToTAL ........ . 

13·5 

1~·5 

21·0 

17·5 

7·0 

7<) 

1-!·0 

100·0 

EFFIC'IE:\CY. 

Capacity of mill ................... .. 
Total power consumed ........... . 
Power consumed (running light) 

Power consumed by mill. .......... . 
1Yiechanical value of discharge .. . 

, , intake .... .. 

Discharge. 

Grading Analysis. 

2·0 

9·0 

19·0 

21·5 

10·5 

14·0 

24·0 

----

100·0 

23 tons per 24 hours. 
8555 watts. 
3639 " 

4916 
23·57 
20·48 

" 
= 6·6 hp. 

Work done per unit ...... 2·09 
23·0 X 2·09 

Relative mechanical efficiency per hp.... 
6

.
6 

= 7·28. 
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TEST "P." (FIG. 2.) 

Feed .............................. 7·2 tons per 24 hours. 
~loisture ........ · · .. · · · .. · .. · .. · 38 %· 
Pebble load ......... · · · · · · .. · ·.. 120° lb. 
Rev. per min .................. 41. . 
Lenath of test ....... ·· .... · .... 65 mmutes. 0 

Intake. Discharge. 

Screen. 

Grading Analysis. GntJiug Analysis. 
- --- ~ - -- ---- ---

20 11·0 O·C 

30 19·5 2·0 

50 21·0 9·0 

80 18·5 20·0 

120 7·5 15·5 

200 8·5 17·0 

-200 14·0 36·0 
·---~-------

ToTAL 100·0 100·0 

EFFJCIE);CY, 

Capacity of mill .. .. .. . . .. .. .. .. .. . .. 7·2 tons per 24 hours. 
Total power consumed: . .-......... 7587 'mtts. 
Power consumed (running light) 2913 , 

Power consumed by mill.:~......... 4674 , = 6·3 hp. 
Mechanical value ?f ~iseharge... 24:34 

, , i.· • m take :..... 20·45 · tt 

Work done per unit ...... 3·89 

1 3·89 X 7·2 Re ative mechanical efficiency per hp.... 
6

.
3 

= 4·45. 
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TEST "A." (FIG. 2.) 

Feed .............................. 18·6 tons per 24 hours. 
:Moisture ........................ 33 o ~. 

Pebble load .................. 1200 lb. 
Rev. per m in ................. .41. 
Length of test ............... 60 minutes. 

Intake. Discharge. 

Screen. 

Grading Analysis. Grading Analysis. 

------

20 11·0 1·0 

30 19·5 7·3 

50 21·5 18•5 

80 18·0 24·0 

120 10·5 l-:1·3 

200 £)-;) 13·5 

-200 10·0 21·0 

I 
ToTAL 100·0 ....... 

I 100·0 
I 

EFFICIENCY. 

Capacity of mill ........................ 18·6 tons per 2-± hours. 
Total power consumed . . . . . . . . . . . 7038 watts. 
Power consumed (running light) 3074 , 

Power consumed by mill . . . . . . . . . . . 3964 
Mechanical value of discharge ... 27·57 

" " 
intake 20·36 

vVork done per unit 2·21 

Relative mechanical efficiency per hp .... 

" - 5·3 hp. 

2·21 X 18·6 
G·0 = 7·/(j, 
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SERIES n. 

8. 
Data and results of Jinisture Test.~.- In the second series of t1·sts 

the amount of moisture was varied, and the rate of f1~Pd, speed and 

pebble load were maintained at a constant figure. 

St:::.\DIARY OF TESTS. 

Feed I p bbl Rev. Work Helative 

Test. per 241 Le 1 e Moisture. per Hp. I done per Mech. 

hours. oac · Min. ---~~nit. 
hllicieucy 

-----------------

I_ per hp. 

! 

Tons. lb. %· 
D 12·6 1200 30 41 5·7 2·99 {j·!Jl 

*(El) 12·6 1200 33t 41 5·6 2·!JG I j ·li l 

(E2) ... 12·6 1200 362. .n 5·7 :-\·OH 6·81 
3 

t B 12·6 1200 37170 41 5·0 ~·H~ 7·11 

~< (E3) 12·6 1200 40·0 41 5·7 H·01 6·65 

>:< (E4) ... 12·6 1200 43t 41 6·1 3·07 3·36 

* (E5) ... 12·6 1200 46! 41 6·0 2·97 G·24 

E 12·6 1200 50·0 41 6·2 3·05 6·16 

* (F1) 12·6 1200 53t 41 6·2 3·00 6·10 

* (F2) 12·G 1200 562. 3 41 6·1 ~·\}~ 6·01 

F 12·6 1200 5!)·0 41 6·0 2·84 5·96 

~ Data obtained from "Transition Samples." (Seep. 50.) 
t Most efficient test. 
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CRUSHING EFFICIENCY. 

~ o. of tons crushed Percentage of 
to "-120, grade Total Feed. 

- p~~~o~r~~---2-3_·_7_5 __ _ 

Moisture. 

30 

37·7 2·95 1 
23·5 

50 2·95 1 23·5 

2·97 23·75 

TEsTs o~ YARIATIO~ OF :JimsTGRE. 

In conducting these moisture tests a procedure was decided upon 
which the author believes to be original. 

From the tests already completed on the variation of feed, it bad 
been clearly proved, both by the power consumption and screen 
analyses, that the mill a:-;snmed uniform conditions after a period 
of about 35 minutes from the start of the test. 

This fact gave rise to the following idea:-
"If the mill was run for a given time at a certain fixed moisture 

until the conditions bacl bad time to become uniform, and the 
moisture was then suddenly raised to another fixed point without 
stopping the mill, but allowing it to run for the same period, would 
one not be justified in assuming that the samples and power 
readings, taken during the transition period of the mill from one 
state of normal conditions to the next, are representative of its 
product caused by the amo'unt of moisture in it at that exact 
moment at which the sample was taken?" 

To test this theory, samples and power readings wel'e taken at 
intervals of five minutes throughout the three tests, and the results 
were most satisfactory. 

It was found that whereas the mill took 30 minutes to adjust 
itself after the moisture bad been changed from 30% to 50'.'~, it took 
only 12 minutes to assume uniform conditions from a change of 
.j() ~b up to ;jH o~, thus indicating that the time of change was propor­
tional to the amount of change of moisture. 
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With the above fact so clearly demonstrated, it was a simple 
matter to calculate what percentage of moisture the mill contttined 
at the precise moment when each "Transition Sample" wa1:1 taken, 
e.g., since the :first transition period was 30 minutes and five 
samples were taken during that time, the corresponding porccmtng1~s 
of moisture would be 33~ %1 36i %1 40 ~Ul 43!% and c!U~ ':In• 

By glancing at the "moisture efficiency" and "moist me power" 
curves (Fig. 3) it will be seen with what remarkable n·gularity the 
points obtained from these transition samples coincided with the 
curve drawn through the main points obtained for the actual tests. 

--
T I I 
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7 ·I 4B / 

~ 
~ •. Q,< 
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. F• 

I ~~~ 
-,., 6·0 

I 
I 

\ 
6 .g I 

I I ~?i 
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I I 

6 ·8 
0 I 

I 
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- - - -- -- ..: 
nJ 

3 
1- 0 

?-
- ·-5 ·S 

(I) 
V) .... 
0 
l: 

--

JO 40 .so 
-------- Perce~tagg I!JI Solution.------60 

FIG. 3. 

. Hence the adoption of this method . . . 
mvolved both a considerable econom was more. tha~ JUStified, as it 
and the obtaining· of b f y of material, time and labour a n urn er o " · t ffi . . ' 
would otherwise have been impossible. mois ure e menmes, which 

As an example of the practical t T . 
possible to obtain curves f t ub I It~ of this method, it should be 

or a u e-mill f o h. h 
and power at any percenta e o . ' r m w IC the efficiency 
could be obtained by sim 1 g. f. m~Isture .from say 20% to 80% 

p y runnmg a contmuous test of 31 h :r ours, 
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assuming that the mill takes 30 to 35 minutes to run uniformly, 
and changing the moisture by increases of 20 % at intervals of 
50 minutes. 

By examining the curves of Fig. 3 it will be seen how astonish­
ingly the efficiency curve culminates at a point with a moisture of 
37·7 %· Above and below this point the efficiency curve decreases, 
first sharply and then gradually. It is also a notable fact that the 
" moisture power " curve is practically the " efficiency " curve 
inverted. 
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FIG. --1. 

The work done per unit varies somewhat with the percentages of 
moisture, which range from 30 % to 58 %, but the hp. drops 
sharply to a minimum, then rises, first almost perpendicularly and 
then gradually, until after a moisture of 52% has been passed, when 
it ~Starts to descend rather sharply again. 

From the symmetry of the curve it seems certain that a moisture 
of :-n·7% is the most efficient one for the mill under consideration, 
and it coincides very closely with the critical point of BH·J% found 
lw ~Ir. \\'alter Neal, and that of BH·;J% found by -:\Ir. G. 0. Smart. 
A comparison of toe three results will be taken up later. 
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TEsTs "D," "E" and "F.'' (Fm. 4..) 

Constant feed ...................... .. 

Constant pebble load .............. . 

Varying moisture ................ .. 

·················· 
" ·················· 

Total time to run ................ .. 

Feed Test:-
Diam. of cone aperture ........ . 

12·6 tons per 24 hont'H, 

1200 lb. 
30% (Test "D "). 

50% ( , "E "). 
58% ( , "F"). 
2t hours. 

3 . 4m. 
105 lb. "Weight of sand for 10 min. run 

Calculated charge for 2-t hours 2625 lb. 

Actual charge used .. .. .. . .. .. .. .. 2657 
Difference........................... 32 lb. 
Hence capacity of mill............ 12·6 tons per 24 hours. 

"JlOISTURE TESTS. 

I 

Remarks. -~~-~ _:vl- Water. . _ 'filne~ l't!n·entage. 

lb. ! min. 

Before run 1·42 250 ' 5 30 

After 
" 

1·42 I 455 5 30 

Before " 
1·85 ! ~7·5 5 50 

After 1·85 140·4 ~ 50 

Before 2·10 122·0 5 ;)~ 

After 2·10 123·0 5 ;)H 
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TEST "D." (Fw. 4.) 

lVIoisture .................... . 30 %· 
Feed ..•..................... 12·6 tons per 24 hours. 
Pebble load .............. . 1200 lb. 
Rev. per min ............... . -±1. 
Length of test ........... . 50 minutes. 

Intake. Discharge. 

Screen. 
I Grading Analysis. Grading Analysis. 

------1-- ------~-

20 12·5 1·0 

30 19·0 5·0 

50 20·5 14·5 

80 1H·5 22·5 

120 10·5 1-±.5 

200 9·5 14·0 

-200 9·5 28·5 

-----

TOTAL ...... 100·0 100·0 

EFFICIENCY. 

Capacity of mill .................... . 
Total power required .......... .. 

12·6 tons per 2-± hours. 
7260 watts. 

Power required (running light) 3007 '' 

Power consumed by mill............ 4253 
Mechanical value of discharge... ~H·:-)0 

" 
, intake . .. . .. 20·34 

\York done per unit . ... . . 2·99 

" 
;)·7 hp. 

2·99 X 12·G 
Relative mechanical efficiency per hp.... - 5.

7 
= 6·61. 
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TEST "E." (FIG. 4·) 

:Moisture .... ··· .. ··· .. ···· ...... 50 %· '> 
1 

h 12·6 tons per ..., ours. Feed .................. ········· b 
Pebble load .... ···· .. ·······.... 1200.1 · 

f 50 mmutes. Length o run ... · · · · · · · · · · · · · · · 
Rev. per min .... · ... ·· · ·· ·· · · .. 41. 

Intake. Discharge. 

Screen. 
Grading Analysis. (hrtdilll-' Analysis. 

20 

30 

50 

80 

120 

200 

-200 

ToTAL ...... 

12·5 

20·0 

21•0 

18·5 

9·0 

9·5 

100·0 

EFFICIE:\LY. 

0·5 

22·5 

15·5 

15·0 

27·0 

100.0 

Capacity of mill . .. .. . .. . .. .. .. . . .. . . . .. 12·6 tons per 24 hours. Total power required .. . . .. .. . .. . .. . 7776 watts. 
Power required (running light) ... 3134 , 

Power consumed by mill ............ -±642 
Mechanical value of discharge . . . 23·30 

= 6·2 hp. 

intake 20·27 

Work done per unit 3·03 
R 1 · 3·03x12·6 e at1ve mechanical efficiency per hp.... 

0
.
2 

= 6·16. 
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TEST "F." 

Moisture . . . . . . . . . . . . . . . . . . . . . . . . 58 %· 
Feed .............................. 12·6 tons per 24 hours. 
Pebble load ..................... 1200 lb. 
Length of run .................. 50 minutes. 
Rev. per min. .. .. . .. . . .. . .. . . . . -± 1. 

Screen. 

~0 

30 

50 

80 

120 

200 

-200 

ToTAL ...... 

Intake. 

Grading Analysis. 

11·5 

21·5 

21·5 

9·0 

100·0 

E.F.FlCIE:\CY. 

Capacity of mill .......................... . 
Total power consumed ................. . 
Total power required (running light) 

Power consumed by mill ................. . 
.Jlechanical value of discharge .... .. 

" " 
intake ........... . 

Discharge. 

Grading Analysis. 

1·0 

5·5 

15·5 

23·5 

14·5 

25·5 

100·0 

1~·() tons per 2-± hours. 
7Ti0 watts. 
3260 ,, 

4519 
20·07 
20·20 

" = 6·0 hp. 

\York done per unit .. .. ........ 2·H1 
2·84 X] 2·(j 

Hclatin: mechanical dlicic:nc:y per hp.......... (}·O = 5·06. 
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SERIES Ill. 

9. Datct and Tesults of Pebble Load Tt!.)ts.- --In the third -;..-!'if's of 
tests the amount of the pebble load was val'ied, and the dl·.~f'(~<~ 1Jf 
moisture, rate of feed and speed were maintained at a con:;tant 

figure. 

Feed ~ 
Test. per 24 
~~hours. 

1

1 Tons. 

B : 12·6 

:;'G 12·6 

H 12·6 

Test. 

--~-1 
B ......... 

G ......... 

H ......... 

SuMMARY OF TEsTs. 

Rev. 
Pebble Moisture. Hp. 
Load. 

per 
1\Iin. 

--- ---

lb. % 
1200 (t) 38 41 5·1 

900 (i) 38 41 H) 
I 

1500 (i) I 38 41 6·!) 

* :\lost efficient. 

CRUSHING EFFTCIE:VCY. 

::\o. of tons crushed 
Pebble Load. to " - 120 " grade 

per 24 hours. 

1200 lb. 2·/1) 

900 " 2·65 

1500 " 3·±0 

\\' (JJ'k 
HPhdive 

done per 
Mech. 

• Efficiency Unit. I per hp. 
--- ! --- -

~·~-~~ 7·02 

~·70 7·07 

H•31 6·04 

I '(·1•-e11lage of 
Total Feed. 

22 

21 

27 
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In this series three tests were run, the volume occupiefl IJy thn 
pebbles being respectively j-, i and *of the total volunH~ of I h(· mill. 

Contrary to expectations it was found that the etli<'i(•ncy obtained 
with pebble volumes of i and t of the total volume of UH· mill was 
very nearly the same, and with an increase of pehblf's thn l'l'tir~i(·ncy 
dropped rapidly. The most efficient load used was Uw ::11mll(~st 
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one ; the conclusion obtained from the "effi . " 
the most efficient pebble l d ld b mency cm·ve W:t!'l that 
th 

· oa wou e about 1050 lb ~ 
e mill volume (Fig. 5). · = Tu of 

Considering the crushin ffi . 
the heaviest load gives bygfa: t~~~f honly of ~he differ~nt loads, 
seem to coincide with modern t' g est effimency, whwh would 
. prac Ice where 0·6 f th 'll 
IS generally occupied by the bbl o e mi \'olnme . pe es. 
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'l1EST "G." (Fig. 6.) 

Pebble load . . .. .. . . .. . . . .. . . . .. . 900 lb. = i volume. 
Feed.............................. 12·6 tons per 24 hours. 
Moisture . .. . .. . .. . .. .. . . .. . .. .. . 37·7 %· 
Rev. per min. .............. .... 41. 
Time of test . .. . . . . .. ... . .. ... 60 minutes. 

Intake. Discharge. 

Screen. ~------~- --------------

Grading Analysis. Grading Analysis. 

20 12·0 1·0 

30 21·0 6·0 

50 21·5 17·0 

80 18·5 23·5 

120 9·5 13·5 

200 8·5 13·0 

-200 9·0 26·0 

Total 100'·0 100·0 

E FFICIE:\CY. 

Capacity of mill .......................... : .. 12~6 ·tons _p~r 24 hours. 
Total power required . . . . . . . . . . . . . . . . . . 6612 watts. ,-

~ ~·~-, .. G'"..:! 
Power required (running light) ... .. . 2950 , 

Power consumed by mill ................ .. 
Mechanical value of discharge ........ . 

" 
, intake .......... .. 

3662 
23·01 
20·26 

Work done per unit .... :::: ... :......... 2·75 

,, = 4·9 hp. 

. . . ·· 2·75 X 12·6 
· Relative mechamcal effi:cte-ooy per hp ............. --

4
-·1f = 7·07. 
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TEST "H.'' (Fig. 6.) 

Pebble load .... ····· ......... 1500 lb. = ! volume. 
12·6 tons per 21 hollrc:. Feed .......................... . 

Moisture ........ · ...... · .. ·.. 37'7 %· 
Rev. per min. " .. · ......... · 41. 
Time of test ............... 50 minutes. 

Intake. 

Screen. 
Grading Analysis. 

20 12·0 

30 20·0 

50 22·0 

80 19·0 

120 10·0 

200 8·0 

-200 
I 

9·0 I 

I 

ToTAL ••••.••.• 

~~--
100·0 

EFFICIENCY. 

Discharge. 

Grading AnA.lysis. 

1·0 

14·0 

22·5 

15.0 

14·0 

30·5 

100·0 

Capacity of mill.............................. 12·6 tons per 24 hours. 
Total power consumed ... . ... . . . . . . .. . . . 7910 watts. 
Power consumed (running light)...... 2733 

Power consumed by mill . .. .. .. .. .. .. . .. .. 5177 , = 6·9 hp. 
Mechanical value of discharge......... 23·49 

, , intake............ 20·18 

Work done per unit......... 3·31 

Relative mechanical efficiency per hp......... 3 ' 316~ ~~·6 = 6·04. 
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SERIES IY. 

10.-Data and Tesults of Spe~d Tests.-ln the fourth series of 
tests, the speed was varied, and the degree of moi::;ture, rate of 
feed and amount of pebble load were maintained at a constant figure. 

I Feed per 
Test. 24 hours 

1 

(Tons). 
I 

T 7·2 

:::Q 7·2 

p 7·2 

s 7·2 

Test. 

T .................. 

q~ ................... 

p ·················· 
s .................. 

SuMMARY OF TEsTs. 

Work Rel. 
Pebble BeY, per done I Mech. 

:.\Ioisture. Hp. Load. I min. I per Eff. per 
Unit. I Hp. 

1200 

----~-

4·43 38% 33 6·8 4·19 

1200 8S% 37 5·1 .4·17 5·89 

1200 38% 41 6·3 3·89 4·45 

1200 38% 46 7·5 4·0R 3·87 

CRUSHING E FFICIEXCY. 

Rev. per 
min. 

K o. of tons crushed I Percentaue Peripheral 
to " -120" grade I of o speed 

per 2-1 hours. total fetll. per min. 
,------~----

33 2·45 34 297 ft. 

37 2·59 35 333 
" 

41 2·27 31·5 369 , 

46 2·48 34·5 414 
" 

* :.\lo;;t efficient. 
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mber of revolutions of the tulle-mill was In these tests the nu. . f th bru"~hes on the commutator of varied by altering the positiOn o e. : 
h' . reasing or decreasmg Its speed. the motor, t IS me . . t' it is plainly provc·cl that 37 

The res~lt ?btained IS I~:~:~ti~g~:; for .the laboratory tube-mill. 
reY. per mm. IS ~he _most e. f ] by the fact that t!Jc• power A marked commdence IS revea ec . . . t 0·5 hp more required to drive the mill at 33 rev. per nun. IS JU~ h '1. t th 
than that required to drive it at 41 rev. per mi~}· . w_ I]~ t el · 11 th me i JLS me lCa pr " efficiency , in each case is practwa y e sa . . 
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that a speed between these two would be the most efficient. How 
well this was actually borne out is shown by both the efficiency and 
power curves (Fig. 7). 

Whilst the power decreased by about. 22 %, the efficiency is 
increased by 32%, thus the grinding itself must be more efficient, 
which is again proved by the crushing diagrams (Fig. 8). On 
running a further test at a speed of 46 rev. per min. it was found 
that the power had perceptibly increased, thus bringing the efficiency 
lower still. As regards the crushing done at this speed, it is slightly 
better than at 41 rev. per min., but not enough to counterbalance the extra quantity of power needed. 
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TEST "Q.'' (FIG. 8.) 

37. BeY. per min ....... · · · · · · .. · · · · 
Feed .............................. 7·'2 tons por 21 hours. 
Moisture ............ · ........ ·.. 38 %· 
Pebble load ........ · ............ 1200 lb. 
Length of test .............. "" 45 minutes. 

Intake. Discharge. 

Screen. 

Grading Analysis. <~muiug Annlysb. 

20 

30 

50 

80 

120 

200 

-200 

TOTAL 

13·0 

20·0 

21·5 

18·5 

8·5 

4·0 

14·5 

100·0 

EFFICIE:\CY. 

0·5 

2·0 

19·5 

16·5 

100·0 

·Capacity of mill ......... ............... 7·2 tons per 24 hours. 
Total power consumed . . . . . . . . . . . . 6969 watts. 
Power consumed (running light) 3178 , 

Power consumed by mill ............ 3791 ,, 
Mechanical value of discharge ... 24·38 

inlet ......... 20·21 

'Vork done per unit ... .. . 4·17 

= 5·1 hp. 

l 4·17 X 7·2 Re ative mechanical efficiency per hp.... = u·t'U. 5·1 
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TEST "S." (FIG. 8.) 

ReY. per min ................... 46. 
Feed .............................. 7·2 tons per 24 hours. 
:Moisture . . . . . . . . . . . . . . . . . . . . . . . . 38 ~:,. 
Pebble load ..................... 1200 lb. 
Length of test.................. 60 minutes. 

Intake. Discharge. 

Screen. 

Grading Analysis. Grading Analysis. 

20 

30 

50 

80 

120 

200 

-200 

Total 

14·0 0·5 

20·5 2·5 

21·5 9·5 

18·0 20·5 

6·5 ] 4·5 

10·0 16·5 

9·5 :36·0 

100·0 100·0 

EFFICIE~<W. 

Capacity of mill ........................ 7·2 tons per 24 hours. 
Total power consumed ............ 9451 watts. 
Power consumed (running light) 3804 , 

Po·wer consumed by mill ............ 5617 
" 

=.c 7·5 hp. 
:Mechanical value of discharge ... 24·12 

" " 
intake ...... 20·09 

\\' ork done per unit ... .. .. .. 4·03 

R 1 . h . l ffi . h 4 · 03 X 7 · 2 e at1ve mec amca e cwncy per p ........ --,_ -.;.- = :-3·H7. 
/';) 
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TEST "T." (Fig. 8.) 

Rev. per min .• , ............ · ··· 33· 

Feed.............................. 7·2 tons per 24 hours. 

Moisture ......... .. ... ......... 38 %· 
Pebble load ................... ·· 1200 lb. 

t 60 minutes. Length of tes ............. .. 

Screen. 

20 

30 

50 

80 

120 

200 

-200 

Total 

Intake. 

Grading Analysis. 

13·5 

19·5 

21·0 

18·5 

6·5 

11·5 

100·0 

EFFICIEKCY. 

Discharge. 

Grading Analy;:;i~'· 

0·5 

2·0 

9.0 

18·0 

15·0 

17·U 

](H}-(l 

Capacity of mill . ... .. . .. .. .. .. . .. . .. .. .. . .. .. 7·2 tons per 24 hours. 

Total power consumed . . . . . . . . . . . . . . . . . . 9081 watts. 

, , , (running light) 4034 

Power consumed by mill ................... .. 

Mechanical value of discharge ........ . 

, intake .............. . 

5047 
24·39 
20·20 

Work done per unit ............ 4·19 

= 6·8 hp. 

Relative mechanical efficiency per hp ............. 7 '2 ~.!' 19 = 
4

.
43

• 



GE~ERAL S lT:JL\lARY OF TESTS. 

Pebble Pebble ReY. Peripheral Itloisture. Feed. 'York Net output :Rei. mech. 
Remarks. Test. load. vol. per speed min. · %. Tons per Hp. done per I "-120grade" eff. per 

I 

min. 2-1 hrs. unit. 1 (tons 24 hrs.) 
1 

hp. 
-------- -----

I 

r I 

lb. 
p 1200 0<) 41 369 ft. 38·0 7·2 6·3 3·t39 2·27 4·45 

c 
! 

1200 0·.) 41 369 
" 

38·0 9·6 5·0 3·36 2·34 6·45 

B I 1200 0·5 41 369 38·0 12·6 5·1 2·82 2·95 7·02 
" Feed tests 

0 I 1200 0·5 41 369 38·0 14·4 I 5·6 2·91 3·31 7·48 I 

(I *A 
I 

1200 0·5 41 369 
" 

0S·O 18·6 5·8 2·58 3·96 8·29 
I 

R 
I 

1200 0·:-1-41 ,--369 , 
38·0 23·0 6·6 2·09 3·79 7·28 

~-D 12·6 5·7 2·99 2·93 1200 O·D I 41 I 369 ft. 30·0 6·61 

.Jloisture ''B 1200 0·;") 41 I 369 
" 

07·7 12·6 5·0 2·82 2·95 7·11 

tests E 1200 0·5 41 ! 369 50·0 12·6 I 6·2 3·05 2·95 6·16 

F 1200 o·::; 41 I 369 
" 

58·0 12·6 6·0 2·84 2·97 5·96 

---- ------ -- - --

r 
:::G 900 0·37 41 369 ft. I :is·o 12·6 ·1·9 2·75 2·65 7·07 

Pebble B 1200 0·50 41 I 369 38·0 12·6 G·1 2·82 2·78 7·02 load tests 1 
l H 1;)00 0·63 41 369 " 38·0 12·6 6·9 3·31 3·40 6·04 

------ --------I T 

1200 0·5 H:i 297 ft. :18·0 7·2 6·8 4·19 2·45 4·43 

~- () 1200 0·5 ·>- 333 8S·O 7·2 ;)·1 4·17 2·59 5·89 .-1/ 
" Speed tests I p 

1200 O·G 41 369 
" 

08·0 7·2 6·3 3·89 2·27 4·45 
11 ,, s 1200 O·G 46 41--l :-:s·o 7·2 7·;') 4·03 2·48 :-:>·1::17 

I 

• :\[o,;t efticient test of seriPc;. 
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FEED TESTS. 

From the results obtained it was found that a feed of 18 tons per 
24 hours is the most efficient one for the laboratory mill, any larger 
feed apparently causing the crushing efficiency, as well as the 
relative mechanical efficiency, to decrease. 

This is a most interesting point, as a critical feed is indicated, 
above which it seems probable that the fine grinding properties of 
the mill decrease in proportion approximately to the increase of 
feed. 

Fig. 2 (Series I), p. 16, shows that with a feed of 23 tons per 
24 hours, only 3· 79 tons of "-120 grade" per 24 hours were obtained, 
whereas the same fine grade output would be obtained by crushing 
only J i) tons through a similar period; this fact shows that the 
"critical feed" has been passeil between these two amounts. 

The theory of a " critical feed" may have an important bearing 
on modern practice, as it would seem that more efficient working, 
with a greater output of " slimes," would be obtained if a smaller 
feed were used. 

In South Africa the tendency at present is to increase the feed in 
the 51- ft. by ~2 ft. mills, and although they are now feeding at the 
rate of 400 tons per 2-± hours, the belief is held that even heavier 
feeds would result in increased grinding. 

The above results show the clanger of carrying this too far. 
C sing these figures as a basis and roughly calculating the feed 

for the laboratory mill, it appears that a feed of about ~.) tons per 
2! hours should result in more grinding than with a smaller fL·c·d, 
whereas the experimental results obtained in these tests indicate 
that this feed is less efficient than a smaller feed and that the most 
efficient feed for this mill approximates 18 tons in 24 hours. 

Admitting the discrepancy of comparing t-wo mills differing so 
radically as to size, it is at least of interest to note that, if any 
analogy can be drawn, the indications are tbat the South African 
mills are over-fed and that a feed of about 300 tons instead of 
400 tons per 24 hours might result in both increased grinding and 
efficiency. 

MOISTURE TESTS. 

The outstanding feature of these tests is the great efficiency of 
07·7 °/o moisture over all others. This fact coincides remarkably 
well with tests carried on in other parts of the world. 

In those condnctt·d lJy \\'alter :\ eal, "'~his results seem to pro\·e the 

• J/i11. tt Sci. Pres.~, April ~nd, 1910. 
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f· ·t that the ideal dilution is in the neig-hbourhood of i:D ')6 moistllre, 

ai~chouo·h he inclines to the belief that this "critical point" will 

YalT ,~ith the nature and size of the mill. ThH results of the 

author's tests tend to disprove this belief. 
Sherrocl, experimenting- with tube-mills at the (~twrrero M.ill. 

Real clel ::\Ionte, finds that the "grinding- efficiency" mcreases with 

the percentage of solids in feed up to abJut •>i> OL' 60 '}~, i.t'., 1.1 lO% 

moisture. . 
G. 0. Smart':' claims that in the tests carried out Jn the Rand he 

has found that 38·5% moisture is the most efficient, whilst I I. \\ .• Fox 1 

has discovered that, taking- the power consumed in conjunction \Yitb 

the '·fine grinding-," the most efficient moisture would bo ::!H.i %. 
It will be noticed that all these critical points are from 1% to ~% 

higher than the one found by the author, but thi ~ seems to lH· 

explained by the fact that the sands used, being- 18 lltl'sh, \Yuru of a 

finer nature than those commonly used in practice. 

Regarding- this critical moisture point, it has beL'n suggt·stl'tl by 

Professor J. \Y. Bellt that it depends upon tho lJl'I'CL'ntag·u of voids 

in sand, and that in all probability when the percPntage of moistm·e 

is numerically equal to the percentage· of voitls in the sand inside 

the mill, the moisture is " critical.'' 

This theory is of interest in that it indicates that :-"and-fL·c·tb with 

hig-her or lower percentages of void." may have higher or lower 

critical moistures. 

Co111pari.son of Jiui.sture Curves.-In the appendH1 sPt of cunL'::::, 

Fig. 9 is the "m'oisture efficiency" cun-e of Neal, Fig. 10 that of 

Fox, and Fig. 11 that of the author. It will be nohcecl that in all 

three a peak occurs at some point between iJ7% and -10% moisture. 

It is somewhat difficult to dra.w compar]sons between tiH· curn·~, 

for in Fig. 11 the power plays an important part in the calculation 

of the efficiency, whereas in the first two it is neg-lected. 

The power curves in Figs.lO and 11 both have the ptcllliaritv of 

an ll1Yertec1 peak at the Critical point, followed by a gradual rise uvntil 

just_ past. 50% ~oi_sture; from this point in Fig. 10 it follows a 

straight hne, while m Fig. 11 it gradually drops. 

The .s~cond interesting feature of these tests was the use of the 

"transitiOn san::ples" for obtaining- intermediate moisture efticiency 

therefrom. T~Is appears to be a practicable method of obtainincr ~. 
number of pomts of "efficiency " and "power" t · · .~ a varwus Inter-

• Jl .. of Chem., .Jlet. tf: illin. Soc. of S . .d.., :\lay lOth, 1910. 

t .limes and Jfineraz.,, June, 1908. 

! Jlining J!agazinc, Ap~·iJ, 1911. 
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PEBBLE LoAD TEsTs. 

'l'he result from these tests indicated that the most efficient 
pebble load is about -,J6 of volume of mill (or for this mill1030 lb.), 
whereas, disregarding power, the most effectual "crushing load'' is 
about 0·6 of the volume which corresponds to present Rand 
practice. 

Whether it would pay to sacrifice power and gain fine grinding, 
or rice rersa, would, of course, depend upon the conditions of the 
plant. 
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SPEED TESTS. 

These tests were most interesting, as they proved rather con­
clusively that 37 reY. per min., at a peripheral speed of 333 ft. per 
minute, ·was the most efficient, both in relative mechanical efficiency 
and grinding efficiency, thus demonstrating that at that speed the 
grinding was decidedly better, and the power required less. 

It was seen that if this speed of 07 reY. per min. is exceeded or 
decreased the crushing effect of the pebbles is much reduced, while 
the power necessary to drive the mill is increased. 

In connection with this efficient speed, it is interesting to 
compare it with that obtained from various formulre. 

300 
DaYidson gi\'es as the best practical speed K = -=in in., "\Yhilst 

\ D 
34·22 

\Yhi te derives a formula X = ---=- in metres. (N = Speed, D = 
\ D 

diam. of mill). Richards gives 38 rev. per min. as the best speed. 

The results are set forth in the following table :-

Davidson. 
34 

\Yhite. 
39 

Richards. By experiment. 
:-\8 37 

Thus the result obtained from actual experiment corresponds 
very closely to the mean of these result,;. 

G~-:c-;ERAL Coxcrxsrox:-;. 

In connection with the curves obtained from the different tests, 
it is the author's belief that there is a possibility of deducing from 
them the probable results that would be derived by running the 
mill under different conditions. 

An example of this was shown in the feed tests, where the 
probable data for Test'' A" was deduced from the curves of Test" J3" 
(Fiu. 2. p. 16). 

The conclusion from this theory appears rather startling-, for it 
seems that if one complete set of tests was run with a constant feed, 
the other factors being varied and the respectiYe curves obtained, 
one would be able to deduce from them all the necessary inform­
ation regarding any feed, provided that one test at that particular 
feed bad been previously carried out. 

A . .: a case in point it was desired to know what the relative 
"mechanical efficiency" for a feed of 7·2 tons per 24 hours would be, 
with a moisture of ::L:J ';:), speed of :-;7 rev. per min. and pebble 
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~ t t 'th 38 o/ moisture having already II(•Ptl t'llll on 
volume O·o, a es Wl ;o f T t ,, p" (Vig '') 
this feed. The "moisture efficiency, curve m· . es ' . ._. 

. d and the following· data extracted:--
''as use , . l)'t' )Joisture. Feed. Efficiency. I lcrcncc. 

38% 12·6 7·0~ 
3~% 1·2 4·-!o 
35 o/o 12·6 !Vi iJ 
35% 7·2 .V 

0·27 -1·45 
Hence -

1
- X 7.02 = 0·18 

. = 4·45 - 0.18 = -1.27. 
B,· actual experi~ent (see Test "U" in ilw .\ ppt!ndix) the 

.. efficiency" was found to be 4·32, a difference of 1·1% J,pl\\'Pt.·n the 

theoretical and the actual result. 

The calculation of intermediate points of dth:it~ttey by the 
method of the transition samples and power rea11iugs is of 
.!..':reat interest (p. 28), as the efficiency and pmYer requit·<·d can hP 
found for any intermediate point of moisture, teed, etc., h1·t\\'ccn 

the limits of any t.\VO tests. 

Period required by mill for unitimJI cmzditions. 
This period was found with great accmacy by means of nine 

tests, the time required being checked by both power n·w1ings and 

screen analyses. 
The more important features disclosed in this investigation may 

be summed up as follows:-
(1) The determination of a rate of feed, which il increasl'11 or 

decreased caused the efficiency of the mill to diminish in 11 marked 
manner, and consequently may be defined aH a critical h·1·1l rntP. 

(2) The determination of a well-defined critical Jll'l'tl'lltage of 
moisture in the feed. 

(3) The determination of a critical speed for the laboratory mill 
(:34 in. in diam.). 

(4) The determination of a critical pebble load for this mill. 
(5) The determination of the length of time required lJy the mill 

to assume a uniform condition following a change in adjustment. 
This is defined as the " transition period" of the mill. 

(6) The substantial corroboration of the author's hypothesis that 
samp~e~ and power observations taken at intervals during the 
tr~ns1t10n periOd may be used to determine the efficiency of the 
m1ll for the calculated conditions at the times the samples were 
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taken. 'rhese samples were called " transition samples" in contra­
distinction to " normal " samples taken after the mill has assumed 
a uniform condition. 

(7) A method by which the data and curves obtained in one 
.:::eries of tests may be transposed and applied, as far as possible, for 
the purpose of securing further light on the phenomena disclosed 
by a second series. 

From the foregoing results the writer \vas led to speculate on the 
probable result of a test which would combine the four critical 
adjustments determined in the tests already carried out. 

These tests indicated that the laboratory mill worked most 
efficiently under the following conditions:-

(a) Critical feed . . . . . . . . . . . . . . . . . . . . . . . . 1~ tons per 24 hours. 
(b) moisture..................... :-)7·7 ~o· 
(c) pebble load . . . . . . . . . . . . . . . 1030 lb. 
(d) speed . . . . . . . . . . . . . . . . . . . . . . . . ;J 7 rev. per min. 

Although the time remaining was very short, a successful effort 
was made and a test with the above critical factors was carried out 
~·iving results which surpassed expectations. 

The relative mechanical efficiency disclosed by this test was 
found to be 8·82, a result which corroborate:o; the pt·evious work in a 
ver.y striking manner when it is considered that this figure represents 
a fourteen per cent. (14 %) increase in efficiency above the highest 
efficiency found in any of the previous tests. (For details of th i-; 
test see Test "Y '' in Appendix.) 

In conclu~ion, it is the author's pleasant duty to acknowledge 
his indebtedness to the :\linin~: Department of :\lc(iill Cniversity, 
and in particular to Dr. ,J. Bonsall Porter, the Director, and 
.Jlr. J. \V. Bell, Assistant Professor of ~\lining, whose foresight and 
advice proved of material assistance throughout the investigations. 
His thanks are also clue to :Jiessrs. G. S. Elclriclge and D. F. R. 
\Yunsch and the Laboratory Staff, for their greatly appreciated 
practical help during the progress of the work. 



5:2 BALL: THE ECONO)IICS OF TGBE-:\IIr,rJING. 

APPENDIX. 

TEST "G.'' 

:\Ioisture .................. :. .. .. 35 r{,. 
Feed ........................... 7·2 tons per 21 Lour". 

Pebble load ..................... 1200 lb. 

ReY. per min ................... 41. 
Length of test.. ................ 50 minutes. 

GR.-I.DIXG AKALYSF;-;. 

j Intake. J _____ Discharge. 

Screen. r-L:--- I 
T;l and 1!2. U3and r·4. 

I 
20 16·00 0·25 ()·~:, 

30 21·50 2·00 ~·()() 

50 21·00 ,')·00 th)() 

80 16·00 16·50 1G·7i.J 

120 8·75 1-± •/;) 1-1·00 

200 6·50 17·2i5 17·50 

-200 10·25 40·75 41·()() 

Loss 0·50 

----~---. 

TOTAL ... 100·00 100·00 100·00 
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MECHANICAL YALUES. 

I Mechanical 
Intake. Discharge. 

Screen. Value of. 
Mean Grade. r. Ul and U2. U3and U4. 

I ------

20 15 2·40 0·04 0·04 

30 17 3·66 0·34 0·34 

50 19 3·99 1•52 1·61 

80 21 3·36 3·47 3·52 

120 23 2·02 3·39 3·22 

200 25 1·62 4·32 -!·i-38 

-200 28 2·87 11·-±1 11·48 

Loss correction 0·12 

Mechanical value of Sample 19·92 2-±·61 24·59 

EFFICIE~CY. 

Capacity of mill ........................ 7·2 tons per 24 hours. 
Total power consumed ............ 8750 watts. 
Power consumed (running light) 2960 , 

5790 ,, = 7·8 hp. 
Mechanical value of discharge ...... 24·60 

, , intake . .. . .. . .. 19·92 

\York done per unit ...... 4·68 

. h . l ffi . 4.68 X 7·2 Relative mec anwa e ctency per hp....... 
7

.'d - = 4·32 

Efficiency computed from moisture curve ............... 4·27. 
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TEsT "V." 

~\lill running under its most efficient conditions. 

Feed............... 18 tom; per 24 hours. 

Moisture ......... 37·7 %· 
Speed ············ 37 rev .. per min. 

Pebble Load 1030 lb. 

I I 

: :\Iechanical 
Intake. ·Discharge. 

Value 
1 

i\:Iechanical Screen. of }lean Grading JlPchanical 
Grade. Gracliug ! Value of Yalue of 

Analysis. Analy;;is. 
i 

Intake. Tnt:ti<P. 
~-----

:Jlecb. E.U. ()6 E.U. % KT' 
20 15 1-!·25 2·14 1·7;) ()·~7 

30 17 22·50 3·82 9·00 l·;J;j 

50 19 23·/;) ±·51 22·50 J·:n 

80 21 18·50 3·89 24·/;) ;)·19 

120 23 9·00 2·07 HhiO 3·11 

200 25 6·50 1•62 10·25 ~·.j(j 

-200 28 5·50 1·54 18·25 ;j•ll 
I 
I 

Loss Correction/ 

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

Mech. Value 100·00 19·59 100·00 22·04 

Capacity of mill ...... .. .. .. .. . .. .... 18 tons per 24 hours. 

Total power consumed............ 6483 watts. 

Power consumed (running light) 2772 

Power consumed by mill ...... ::: .. . 

Mechanical value of discharge .. . 
int~k~· .... .. 

3701 
22·04 
19·59 

'Vork clone per unit .. .. .. .. . 2··±5 

= 5·0 hp. 

R l t' h · 2·45 X 18 
e a 1ve mec amcal efficiency per hp.... -- 5~ = 8·82. 
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su~DL\RY OF PoWER TESTS ON -:\IrLL. 

Load. Horse Power. Starting Torque. Vol. of :\lill. 
Hp. 

Running Light 1·3 

lb. 

900 4·4 11·3 0•::575 

1200 4·9 1.:5·2 0·500 

1500 ;)·8 16·6 0.625 

By comparison of the above summary with Figs. 12 and 13, 
it will be seen how uniformly the power increases with increase of 
pebbles. · ·~-

Figs. 14 and Hi a.re those obtained by the calibration of the 
cone orifices and water cock. 
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FIG. 12. Fw. 13. 

Fig. 16 is interesting as it shows the growth of power required by 
the mill as feed is introduced, the power finally being less wit.h full 
feed than with pebble load only. The lubricating action of the 
p~lp on the pebbles is thus clearly shown. 
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A microscopic examination of the "nepheline syenite '' resulted 
as follows :-

Orthoclase .. 

Elroolite 
Hornblende ..... . 
Garnet ........... . 
Sphene .......... .. 

Zirion .......... .. 
Nosean .......... .. 
Apatite ........... . 
Magnetite ....... .. 
Pyrites ........... . 

Intergrown in a little "plagioclase." 1\Iuch 
altered in parts to sericite and kaolin. 

Trace. 
Deep green. 

Very irregular. Large brown grains. 

Pale yellow-abundant in large asicular 
crystals. 

A few very small grains. 
Badly altered in calcite. 
A few grains. 
Trace. 

A few grains. 
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Introduction. 

The investigation on tube milling, the results of. which are 

embodied in this paper, is a continuation of the work done bT 

Mr. H. Standish Ball at McGill University in 1911. Mr. Ball's 

thesis was presented for the Master or Science degree at McGill, and 

the author of this paper will not deal with the introductory matter 

pertaining to the subject, as this can be obtained by reference to 

Mr. Ball's work. This introduction includes a summary of the 

practice or tube milling and the general theories of rock crushing. 

In all hi~ tests he used the method of efficiency calculation prepared 

by H. Stadler*, a.nd that method has a.lso been used throughout this 

paper. 

~\~· Ball carried out four series of tests to determine the most 

efficient conditions for the operation of the tube mill in the. 

laboratory. Tne factors which he took account of were the rate of 

feed, the percentage of moisture in the feed, the pebble load and the 

speed of revolution. He concluded that for each of these factors 

there was a critical point at which the most efficient work was done, 

and he believed that he had discovered these points for the laboratory 

mill in question. His conclusions will be discuesed at length later 

* Trans. I.M.\f., Vol •. ,9 
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in this paper in connection with the work done by the author. 

Scope of the Investigation. 

It is the intention of the Mining Department at McGill to 

make a thorough investigation of tube milling, as ~ar as it is 

possible to do so with the equipment which they possess. The work 

done by Mr. Ball and the author comprises a part of this research, 

and the experiments made this year were along the following lines:-

(1) Investigation on the Rate of Feed. 

(2) 

(3) 

(4) 

" " " 

" " " 

" " 

Percentage of Moisture in the Feed. 
(a) At constant speed. 
(b) With varying speeds. 
(c) With varying size of feed. 

Speed of Revolution. 

Size of Feed. 

Tests were made on the first three of these points, as it was 

considered advisable to supplement and check the work that had.been 

previously done. In addition to this a beginning was made on the 

fourth point, and while it would have been desirable to have made a 

more complete investigation of this factor it was not possible to do 

so under the conditions. 

Preparation of the Material for the Tests. 

It was unfortunate that the laboratory was not able to procure 

the same kind of rock with which the former tests had been made, viz., 
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nepheline syenite, and this fact must be noted in a comparison of the 

present results with those obtained in the previous work. The rock 

used this year was a tinguaite and it is an entirely different type 

of rock from the syenite. 

The preparation of the rock involved a not inconsiderable 

amount of labour and time, it having to be selected at the quarries, 

transported to the College and crushed to about 1!" in a Comet 

crusher. 

It was then crushed in a 5 stamp mill (600 pound sta.mps), the 

battery screen being changed to give the difrerent sizes of sand 

used in the tests. The pulp was classified in a Bell conical 

classifying feeder, and the sands were dried on a steam drying table. 

owing to the fact that the work with the tube mill was not 

started till the College session was more than half finished, it 

was not possible to prepare all the material at one time. on this 

account slight but appreciable variations will be found in sands 

which should, presumably, be the same. These variations, however, 

while undesirable are not sufficiently great to vitiate the results. 



Description of tube nill and ~.cce8sory R.~)~1a-ratus. 

The tube mill was obtained by modifying a discarded 

chlorination barrel in the Laboratory workshops ~s follows:-

The leRd lining was removed, the trunnions bored out and the 

interior of the mill was thoroughly scoured out by rotating a 

charge of dry sand and pebbles. The mill Vl::ts then completely 

lined with silex blocks 8" x 4" x 2-1/.2" in thickness set in a 

special cement. All of this material was obtained by Dr. Porter 

as a donation from The Cyanide Plant su~.J~;ly eo. of IJondon, Eng. 

Flanges were then fastened at the feed, discharge , 

and manhole openings to strengthen the lining at th~se points and 

a perforated steel screen of runple size was placed over the dis-

charge O})ening. 

With the lining in place, the inside dimensions of 

the mill are as follows:-

Diameter---~- 34". Length----- 42". Volume----- 22 cu. ft. 

To protect the flange at the manhole and to cover 

the opening, an inside steel cover plate-curved to the inside 

diameter of t "he lining- was used. To this insirle cover two bolts 

are fastened which pass through corresponding openings in the out­

side manhole cover. Means are provided for holding the inside 

cover in 9lace while putting on the outside cover, the two being 

drawn together by tightening two nuts. A gasket under the out-

side cover ef'fectually rjrevents any leakage. 

The chain and sprocket mill drive was designed by 

Dr. Porter, the driven sprocket being fastened to the tube mill 
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shell in ~ections. The driving sprocket is situated on a 

countershaf't which is started and stOPl1erl by meqns of a belt R.l1d 

belt tightener. 

The i,eeder was devised by 'Prof. Bell to Rn:.~:-;ly the 

need for a slinple form of laboratory fAeder capable of delivering 

dry sand uniforlnly at any desired rate. It is in effect, simply 

a very large hour glass, the regularity of the flow dJ~-nending on 

the fact that the weight of a L"iass of sand in 8. cone is almost 

entirely carried on the sides of the cone, consequently the sand 

is discharged at a constant rate whether there is only a few inches 

or several feet of s~nd over the discharge opening. This feeder 

was later developed by Prof. Bell into a combined classifier and 

feeder in which the settled sands are discharged as quicksands 

containing from 30% to 40% water but at his su.g.~:estion the original 

f'orm is used in the tube mill tests for the followine reasons:-

(a) the rate of flow of dry sand of' a given character through 

a given orifice is almost exactly constant, 

(b) by simply addin~ wB.ter in the required amount, IJUl:P of 

any desired thic1\.ness is readily obtainable, 

(c) the feed rate and pulp thickness can therefore be easily 

regulated and Inaintained with great uniformity throughout each test. 

The sand discharged by the t·eeder falls into an 

inctined ~~under where it encounters a water flow regulated to give 

the required pulp consistency. The ,.¥at er ts drawn t·rom a tank 

provided with an overflow pipe and a slight overflow is maintained_ 

to keep the pressure constnnt. Regul8.tion of the water flow is 

ef'f'ected by means of a graduated cock. The inclined launder 



delivers the -partially rJixed sand and '\~.·ater to .q swall horJ.!)WI' 

fastened to the tube mill st::1ilcl8_rr~_s 1rrhe:re it is picked 11:9 by a 

revolving spiral scoop which discharges into the f'eed trunnion. 

A complete mixture of the ,~rater and sand is ef:.Cected in the spiral 

feed hopper but on account of· the incoll1:£.:lete mix in the inclined 

launder it is necessary to constantly scrape the sides to prevent 

the growth of a,J·~retions of damp (very sticky) sand. Prof. Bell 

has tried a nunfber of· modifications of· this launder in an enrteavour 

to eff'ect complete mixture in the launder but the present form has 

proved to be the rnost ~atisfactory of all of those tried. 

However Mr. Arthu.r Hannington upon whom not in­

frequently devolverl the :rather tedious duty of }(Peping the launder 

clear, discovered that by lightly tapping it with the scraper the 

difficulty WB.s entirely overcome, thus af-fording additional proof' 

of the relation between necessity and invention. It seems very 

probable thai by nechanically vibrating this launder a complete 

tube mill- experinent could be readily carried out by two ben 

whereas at present three are re~1ired. 

The following additional improvements ( 1911-12 tesis) 

:have been m.ade to the auxiliary equipLent of· the r:ill :-

(1) A spiral feeder replacing the hop9er, 9ipe and stuffing 

box used in the 1910-11 tests. 

( 2) An automatic santpler at the discharge end of the n1ill. 

(3) A revolution counter actuated by a cam attached to the 

fePd trunnion. (Available for last nine testA.) 

In both the 1911. and 1912 tests, the tendency o·f 

the mill to diseha:rge sand and u.rater in gushes was mar1\.ed., especially 



at the higher speeds. ~rhe automqti0 ~BT:llJler o:f Vezin type w~s 

designed by Prof. Bell to miniuize the e-rrors in S81Il.!)ling which 

wight actJ:rue as the result of' irregular pulp dis:!f"lg_rge. 

The pulp discharged by the lllill falls into a s:cHall cone 

fitted with a discharge pipe which is revolvtn2: continuously. 

Once in each revolution the pipe ~asses over .q st2tionary cutter 

or trough
7
delivering :)ulp to it f'or a small part of' a revolution. 

The cutter in turn delivers the srunple to the sillnple box. 

The revolu.tion of the cone is eff'ected by means of a horizontal 

friction wheel in contact vrith the end of the disch8.rge trunnion. 

The reject, or portion of the discharge falling outside the cutter, 

is delivered to a conical ho~9:per which delivers in turn to a 

floor tank or to a pwnp which raises the pulp to a clas8ifier. 

The screen analyses of check sAJil~)les cut out by the sarnpler 

are almost identical althoue-h the moistures do not cheryk and have 

a tr~ndency to be about 2% lower than the actual average moisture 

in the pulp. As the ~verage pulp thickness is e8sily and 

accurately determined at the f'eed end of the v:ill, this er-ror is 

not import~nt. 

Powe~ and power measu~ements. 

The ~power f~or the tube rrtill was supplied from a 15 H. P. 

D. C. Crocker Wheeler motor and the Ineasur:&ing instrUWPnts used 

were a D.G. ammeter and voltmeter. Readings were taken at one 

minute intervals during the final 5 minutes of each test and the 

gross power used was calculated from the five readings, the 

asswnption being made that the power taken by the tube mill during 

this time was representative of that being used under the conditions 



o:r the test. The mill was then stopped and the power requirbd 

to turn the motor and shafting at the 8ame speed vvqs observed. 

The watts input to the motor under the two conditions ·was tr1en 

calculated and the corresponding watts output obtRined from 1notor 

ef'f'iciency curves at the various speeds. The nett power used 

by the tube mill was then obtained by the difference between the 

two results. 

A great deal of trouble was experient1ed during the 

experiments owing to the irregularity in the voltage BU})!)lied by 

the college power plant. This was reflected in the speed of the 

motor which in turn affected the speed of the tube mill and 

frequently the rnill would vary two revolutions per minute in the 

course of one test. In order to keep the conditions at the tube 

mill constant, it was necessary to vitiate the power readings by· 

moving the brushes on the motor and this has introduced the 

possibility of considerable error into the power results. This 

trouble was encountered only at the nor1nal speed of the mill because 

at the lower speed tests with a resistance in series with the 

motor armature, it was 2_)0sc:;ible to keep the voltage constant. 

Moreover, at the higher speeds the anrrneter needle 

will fluctuate as rnuch as four amperes due to the ir!'egular load o:f 

the 1nill at thfsespeeds and it was very difficult to obtain correct 

readings. In fact in the reading of the a1mneter alone there is 

a possible error of at least 15/100 H.~. and in tests s11ch as these, 

where this amount makes a considerable. difference in the results 

obtained, it would be advisable to use more accurate instrurnents 

:for measuring the power. 



It will be observed that the value of a lar~& part o: 

the work has been nullified owing to difficulties be~,ronc1 the po.ter 

of the Mining Laboratory to remedy wri th the apparatus at its dispos­

al. Admitting t~_e --,;- ~ }._ .. ~ .. ?'r8at difi'icul ty of measuring po·w~ler ,,i th 

the accuracy desired, the value of" the tubi mill tests ~-;ill be 

enormously entaLced ~hen this difficulty is surmounted therefcre 

the writer vvould strongly recommend that the po~ver question be 

given earnest consideration. 

The following extracts, from Pro!. Bells notes on the 

1912 tests, outline des~rable experiments and improvements suggest~ 

ed by these tests, nThe tendency of the mill to discherge sard 

and water in gushes may have a marked affect on the grinding. 

At slow speeds the gushes are barely noticeable but the grinding 

is muoh less than at higher speeds on account of the diminished 
or 

fall of the pecbles. Iv=oreover the slow speed it was impossible 
~ 

to :fe.ed Pulp containinr less than 30% water on account of 

"blocking" in the long feed trunnion, a di:ff'icul t:,:- ltvhich would not 

l::e >enconnter_ed in a standard mill. 

For these reasons it would be desirable to ex~eriment 

with a stationary spiral screw placed in each trunnion, the !eed 

spiral permitting feeding very thick pulp , and the discharge 
-

spiral by completely filling the discharge opening, will probably 

minimize the effect of the "gushes'' and deliver an even discharge 

to the automatic sampler~l/ith an even feed to the sampler it ·is 

probab_;te tJ- 8 ~ the moisture in the samples will check with the 

actual moisture determined at the feed end thus afferdigg an addit-

ional oheok on the accr:rac:, cf the work. 
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by increasing the 3idth of the sample cutter tc cut opt 1/lct~ 

instead of l/25th of the pulp discharged,as at present. Again 

in view of the possibility that the gusges are caused by masses 

of pebbles and sand slipping on the inside cover plate which is 

rel9tively very smocth as compared with the lining, it aould 

be desirable to see if any improvement was ef~ected by removing 

this plate and allO'vVing the mar: hole opening to be fill up ~~i th 

pebbles. 
Tl 

"The di:fficul ties encountered by I.:r. Liurray in connect io: 

iiith accurately J.ets:rmining t~1: power required by the tube mill 

under varying conditions have been studied to determine. 

the interfering factors, also tests were made with the valuable 

assistance of Messrs. 1~rray and Galloway to determine the H~?. 

output Gf the motor for various watts input at different voltages. 

The interfering factQrS way be summarized as :follows-

1-Iine volpage drep. 

2- The .. ,ower house voltage is 220 making it necessary to :put the 

Mining Lab. 115 volt motors on a three wire system permitting sudden 

~serf~ fluchuations in the voltage delivered to the motors. 

3- The power house voltage regulatien while sufficiently close fo~ 

ordinary conditions is too variable for precise pewer determinationE 

where the speed and power are so closely related as in the case 0f 

a t-ube.mill. 

4- the. lack of q ·Natvmeter capable of accurately ~t?asuring the 

power used in short ti~e intervals. 



,, 

is sufficiently accurate for the regular laboratory work, it is 

clear that =:Jr. Murray' s pessimism in the matter of his po-,7er mec.s .... 

urements is well founded and his conservatisY.n in drawing conclus­

igns ~7here the power enters as an impcrtant :factor is to be comm-

ended. 

In short to obtain the full benefit oi' t1-;e valual)le 
1 

work which is being done by the advanced s~-.__C:sLts iE 0re dresf.:i:c.g 

the difficulties outlined above must be met and overcome. 

~he installation of the 220 volt motors which Dr. Porter 

hopes to accomplish ir: tte near future will dispose gf Qne of the 

most serious difficulties i.e. the 3 wire sy~tem necessary under 

the present cGnditions. 

In this connectiGn also ~n:r. rn:urray efiers vvhut a.rrr;ears 

to be a very valuable suggestiJ~ 1; ~rc~o~ing that·we do cur own 

voltage regulati0n by means of a se~tive v.ariuDrefesistance 1'-<l"tLIY<>lley 

Sl·tuated -; .... -. .:..~e ~-..; 1.,~-::r- T~-boru+o~-·--~L f.J..a.... .,,_...L.;. ... -L.l..-.D ~'-- u., .J ..... "' G A!ter u o~re!ul examinatiGn 

of this proposal I believe it to be the most practicable method for 

overcoming a large part o! the present difficulty,especially in 

vie~=: o! the_:~fact that a rheostat is 1:ecessary in any case for 

variable speed tests. ~oreover even after the installation of 

220 volt motors such aY~ arrangement is almQ_St certain to be Ciesir-

able 'by r:aking it possible to control changes in tbe Central Io:Ter 

Plant voltage due to the varying power demands thro1;e·hout tb_e 

university. 
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·.7i th the present equipment it will pro"h~ bly be necessD ry to 

adopt the veltage of about lOO and increase the size cf the motor 

pulley to secure the same speed condition which now ohtains. 

The waste of the electrical energy in the.rheostat will be more 

ths.ri compensated for by the additional v:;lue of the resl,lts to hA 

obtained under such favorable conditions. 

In this connecti0n it is interesting to note that the present 

motor appears to be more efficient at a lower than its rated 

voltage.n 

In connection ~ith the power it/~ust ne noted when c~mparing 
/ So.U. 

the~ author's results with those of ~r • Ball, that he"' nss-;nned 

that the efficiency of the motor was 100% in all cases. 



Method o~ Carrying out Tests. 

The sands were screened on a 1/8 inch shaking screen before 

each test to remove any foreign materiel which mi'~ht interfere with 0. 

the regularity of the feed. The material was then weighed in boxes 

holding about 60 lbs. each, and these were du~ped into the feed cone 

by hand. The sand fed in every test was weighed so as to afford a 

check on the calibration o~ the ori~ice. Every fifth box was 

retained for a feed sample~ and the contents of these boxes were then 

combined and riffled down to a sample or about five pounds, which was 

kept for screen analysis. 

The previous work had shown that the tube mill conditions 

became constant after a period of half an hour from the start of a 

test. This fact was checked at the beginning of this series of 

experiments and was found to be correct, so that it was decided to 

make the tests of 40 minutes duration • This was adhered to through-
. 

out, with the exception or those tests in which the size of feed was 

varied in which cases the time was prolonged to 50 minutes as an 

extra precaution. 

The orifice on the feed cone was only changed in the first 

three tests, so that the calibration or the one used in the majority 

or the tests was subjected to an excellent checking and the rate of 

feed for it was determined very accurately at 18 tons per 24 hours. 



The weight of water per minute used in each run was checked at 

the beginning and end of the test and is accurate within one-tenth 

or one per cent. 

Two 5 min. samples of the discharge were taken with the auto-

matic sampler during the last 10 minutes of a test. The one taken 

during the last five minutes was used for the screen analysis, while 

the other was kept as a check. 

The speed of the mill was checked constantly throughout each 

test, the addition or the revolution counter making this much easier 

and more accurate! 

Screen Analyses. 

The discharge samples were carefully dried on a steam table. 

In order to prevent the slime from forming in a cake, they were not 

dried in the boxes in which they were taken but the table was care­

fully cleaned and the samples were dried directly on its surf~ce. 

When dry they were riffled down to a convenient weight of about two 

pounds. 

In analysing a discharge sample the product, as prepared aboveJ 

was carefully mixed on a rubber cloth and a quantity of 150 gre.ms 

was accurately weighed out on a pulp balance. This weight we.s then 

washed on the 200 mesh screen, and what remained on the screen was 



dried and screen analysed with the automatic screening machine in 

the laboratory. It was decided to use this method, as otherwise 

the-200 mesh material tends to blind the 200 mesh screen and makes it 

necessary to continually knock the scree~in order to keep it clear. 

This subjects them to a considerable amount of hard usage, which cen 

be avoided by employing the above method. This method is more 

accurate than the~dri'method and does not add greatly to the time 

required for making the analysis. 

As the feed samples only contained about 2% af the -200 grade, 

it was not necessary to wash them. In analysing the feed sample. on 
J 

account of the difficulty in obtaining checks by the method used with 

the discharge, a slightly different procedure was followed. The 

sample was riffled down to within a few grams of the required weight 

(130 grams), and the exact weight was then obtained by adding the 

amount necessary from the original sample mixed on the rubber clothy 

The reason for the difference in methods employed was due to the fact 

that the quantity of slimes in the discharge made it possible to pick 

up a fair sample with a large spatula. This was not found to be the 

case with the feed where the larger grains would not be picked up as 

easilY as the smaller, so that a representative screen analysis was 

not obtained by this method. 

The author is not satisfied that the above method of making 
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analyses is free from objection and he would recommend that some work 

be done on this question of samplin6 for screen analyses before the 

actual 'Nork with the tube mill is continued next year. The reason 

for using the method this year was that, in the first place, the 

author did not have enough time at his disposal to investigate this 

point, and, secondly, the method used had been employed by Mr. Ball 

and on that account it was thought desirable to make the conditions 

of the two investigations similar. 

Duplicate analyses of each sample were made and the mean was 

used in the subsequent calculations. 

screening Machine. Scree11~t~-~· 

The screening machine was const~ucted from a drawing based on 

the description and illustration given in a paper by Mr. T.J. Hoover 

(Jour. I.M.~v1. - Vol. 19~ p. 506). 

To expedite its construction the base of a discarded machine 

was made use of and simple bushed bearings replaced the ball bearings 

shown in Mr. Hoover's design. The idea and the mechanism is sub­

stantially as outlined by him. 

The mechanism imparts an eccentric motion to a nest of screens, 

which are prevented from revolv~ng by means of outboard springs. In 

this manner the screens are given exactly the motion which obtains in 



hand screening and the motion is obviously more continuous and 

effective. 

Laboratory experience in connection with this machine has 

failed to confirm Mr. Hoover's statement that a complete screen 

analysis can be effected in 15 minutes, but a period or 30 minutes 

was chosen as being satis~actory for these tests. 

The screens for the machine are 8" diam., mounted on nested 

circular copper frames 2" deep. 

The laboratory possesses two sets of Standard I.M.M. labora-

tory screens and in the beginning of the tests both sets were used, 

as considerable time was saved in this manner. Unfortunately, 

however, it did not take long to find that the 80 mesh screens or 

the two sets did not have the same ape~ture. This fact cast some 

doubt upon the accuracy which is claimed for the screens by the I.M.M. 

and to settle this point measurements of the screens were made ·by 

means of a microscope fitted with a micrometer eye-piece. Twenty 

to thirty measurements were made on each screen and the following 

table summarises the results obtained. It will be seen that the 

average apertures of the screens are very close to the theoretical 

apertures, and this set of screens was used in all the screen 

analyses made during the investigation. 
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. 
Measurements of Lab~ratorv Screens used f9r Screen Analy~~~· 

Screen The or- Ave.of' 
etical Measure-
A per- ments 
tu re 

----~ 

m. m. 
20 
mesh .0250 .0~52 

30 .0166 .0169 
mesh 

50 .010 .0098 
_mesh 

80 .0062 .0064 
mesh 

120 .0042 .0042 
~h 

200 .0025 .0027 
mesh 
-200 
mesh 

Great- The or-
est etical 

Varia- Dia.of 
tidn Wire 

m. m. 
.0228 
.0280 ___ .!..9_250 

.0163 ' .0166 

.0175 -
' 

.0093 ! .010 

.0109 I 

I 
.0055 i .0063 

:. 0076 --· 

~G::~t-Ave.of 
Measure-

Mechanical 

ments Value ! varia­
ticbn 
~--+------------

m. 

.• 0248 

.0166 

~ 

.0101 

.0060 

·---

-

m. 
•0223 

i • 0269 

.0162 

.0176 

_._Q~08 ' 

.0051 
-- .0069 

17 

19 

21 

i 

! • 0036 
I . 

j .OQ50" 
! 

.oo~Loo42 • 0037 i 
---~045 I 

23 

! 

.• 0017 .0025 
i • 0037 

______ [ 
J.0024 .0019 

.0027 

_......._ _ _!_ 
25 

28 

Mechanical Values of Grades use~-

As pointed out by Mr. Stadler in his paper, the grades 

obtained by using selected I.M.M. screens approximate the standard 

grades so nearly that no appreciable inaccuracy is introduced in 

the Calculation of the mechanical values. The values for all the 

grades, except the +20 mesh, will be found in the table given above. 

The value for this grade in the reed depended, of co~rse, on the 



battery screen used. In the case where a 10 mesh screen (.08 in. 

aperture) was employed, the mechanical value of this grade was calcu-

lated from the screen apertures and was found to be 12.8. A 

determination by weighing 700 grains of' this grade, calculating the 

volume and then the value, gave a figure of 13.1. The mechanical 

value for the grade in the calculations was taken to be 13.0. 

An examination of the +20 grade of the discharge of the tube 

mill showed that it was considerably finer than the same grade of the 

feed. A determination of its value was also made and it was found 

to be very close to 15, and this f*gure was adopted for the tests at 

the higher speeds of the tube mill. At the lower speeds, as the 

amount o~ +20 mesh sand Was in most cases about twice as great as at 

the high speeds, it was decided to use a value of 14 for this grade. 

_mhough an actual determination of' this was not made it will, in all 

probability, be very nearly correct. 

-JABULATION 

T-'A RT. 1[ 
AND D•sC.uSSION 

Series I. 

Tests on the Rate of Feed. 

Cf" RESULTS· 

The three followtng tests were run to check the conclusions 

arrived at by Mr. Ball, that the most efficient rate of feed for the 

laboratory tube mill was 18 tons per 24 hours. 
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-~----- ·-
% J~bbi-;; ---- Workp20 I Test Charac- Feed Tons 

No. ter of per 24 Mois-.R.P.M. Load H.P. Done Tons R .. ~~.I.!.. 
Feed Hours ture · per 24 hrs., 

-----~- I 1bs.-~---- _Unit ·-- ----
1 10 mesh 15.91 37.9 40 1050 5.19 3.62 2.78 11.10 

2 10 " 18.0 37.7 40 " 5.36 3.56 2.94 11.91 
i 
l 

3 10 " !0.0 37.9 40 " 5. 47 3.35 3.09 12.25 

Mr. Ball made six tests in a similar series but, unfortunate!~ 

the test he made at 18 tons per 24 hours was run with 33% moisture 

whereas the other tests were made with 38fo. He claimed, however, 

that he was able to calculate the effect of this change in moisture 

and thus to bring this test into line with the others of this series. 

Whether th~s be possible or not, and the possibility is far from 

being evident with the amount of work that has been done, the writer 

ca·nnot subscribe to Mr. Ball's method of calculation, which was as 

follows:- From a moisture efficiency* curve made with feed at the 

rate of 12.6 tons per 24 hours, he obtained the information that 

between 33% moisture and 38% moisture there was an increase in e!~fi-

ciency from 6.66 to 7.02, a change of .36. Appl~ying this to the 

results of Test A, which was run at 33~ moisture with a feed ra.te of 

*Unless otherwise stated, efficiency mea.ns "relative mechanical 
efficiency per-horse power". 



lR tons per 24 hours, he states that the efficiency which Test A 

would have had a.t 38% moisture may be obtained from the simple 

proportion calculation:-

12.6 ! 18.6 :: .36 : X and X=the increase in efficiency 
at 18 tons : .53 

Putting this into words, "One rate of feed is to another rate of feed 

as the change in ef'ficiency due to a change of moisture at the first 

rate is to the change in efficiency due to the same chenge in moisture 

at the second rate of feed." The writer can see no grounds for this 

statement, taking the assumption, s,s Mr. Ball did, that the moisture 

efficiency curves would have the same form for each rate of feed. 

A more logical method of calculation would seem to be that 

with this assumption the percentage change in efficiency would be the 

same in ea9h case. If this is done, the change comes out to be .42 

instead of .53, and the efriciency at 18 tons per 24 hours and 38% 

would be •&~~ 8.18 instead of 8.29 by the first method of calculation. 

Considerable doubt, however, must be attached to the accuracy 

of the results from calculations such as these, because, as Mr. s.J. 

Truscott has pointed out in his criticism of Mr. Ball's paper, by 

applying the information from the moisture-power curve given in Ball's 

paper and correcting the horse power of Test A mentioned above, it 

will be found that the corrected horse power is 4.65 whereas, to fit 



in with the results of the other tests, it should be about 5.85. 

Examining the results rrom the three experiments made by the 

writer, the following points will be observed:-

1. The work done per unit decreases with the increased rate of 

feed. This is in line with practice where the finest crushing is 

done with the smallest rates of reed. 

2. The horse power increases with the increased rate of feed. 

This conclusion is subject to the doubt as to the accuracy of these 

readings, but as this result is in line with previous work it will 

be taken that it is true in this case. 

3. While the work done per unit ts decreasing and the power is 

increasing, still the efficiency becomes greater as the rate of feed 

increases. It would seem that the most efficient rate would be 

about 20 tons per 24 hours under the conditions of these tests. 

4. The tonnage of -120 grade produced, an important point in mills 

where fine grinding is necessary, is increasing with the rate or 

feed, and the results would indicate that the maximum would be 

obtained at a still higher rate. 



24 · 



Series II. 

Tests on the Er~ect or Variations in the Percentage of Mois~~· 

(a) At Constant Speeds. 
(b) At varying Speeds. 
(c) With different Size of Feed. 

PEBBLE LOAD 1050 lbs. 
RATE OF FEED 18 tons per 24hrf· 

Summary of Tests. 

Test Charac- % ~ work done -120 grade 
No. ter of' Moisture R.P.M. H.P. ! per Unit Tons 24 hrs. R.M.E. 

Feed \ -- I 
I 

& 10 mesh 38.4 43 5. 77 I 3.50 2.80 10.90 
~ 

i 

~ " 37.3 43 5.50 3.67 i 2.91 12.00 v 
~ 

I 
I 

6 " 36.9 43 5.37 3. 68 I 2.93 12.31 
! 

7 " l 35.4 43 5.35 3.81 i 3.16 12.80 ' ' 
~ 

I " 
~ 

14.40 8 33.8 43 5.04 4.03 3.38 

; j 

9 " 32.2 43 5.57 3.90 i 3.50 12.60 

I i 
10 " 32.3 43 5.75 4.18 ", 3.30 13.06 

11 " 30.6 43 5.40 4.20 4.07 13.97 

; 

12 18 mesh 34.2 43 5.67 2.40 3.16 7.62 

13 " 36.2 43 
I 

5.65 2.47 3.39 7.85 
j 

14 " 1 38.0 43 5.18 i !.4!3 3.12 8.45 
t 

I 

I 
! 

15 " 38.2 43 5.85 l 2.34 .\ 2.92 ,.21 ! 
I i 
\ 

16 " 40.5 43 5.67 ' 2.56 3.76 8.12 I 
17 10 mesh 33.2 34 4.17 ; 2.88 2.15 12.45 

\ 

18 " 36.7 34 I 4.39 3.06 2.24 12.55 
!. 

19 " 38.0 34 4.27 3.04 I 2.32 I 12.80 ! 
! 

20 " 40.5 34 4.47 3.40 2.44 13.65 
i 



From other experiments made on this question or the efrect of 

moisture, it had generally been concluded that a pulp containing rrom 

38 to 40 per cent water was the most desirable to feed to tube mills. 

In the experiments carried on at McGill in 1911, it was believed that 

37.7"/o was the most efficient condition. The author of this paper, 

however, does not believe that any derinite conclusions can be drawn 

from the results of his experiments. This is, for the most part, 

due to the lack of confidence in the power readings. It had been 

hoped that by making the variations over a comparatively small range 

more definite conclusions could be dra.wn, ·but this hope has not been 

realised. 

If the horse power required to operate the mill under the 

varying conditions be examined, it will be seen that the variations in 

power are considerable for slight changes but that these variations 

are, for the most part, not greater than the possible error. For 

instance, Tests 9 and 10 are made under approximately the same condi­

tions and yet the horse power in Test 9 is 5.57, whereas in Test 10 

it is 5.75. 

The results show that with the coarser feed the least power is 

taken in the neighbourhood of 34% moisture. At 43 R.P.M. this 

corresponds with the point of greatest efficiency, but at 34 R.P.M. 

the efficiency is greatest at 40.5% moisture. 



The ~ive tests on the ~iner ~eed show that if the horse power 

for Test 14 is correct, it is possible that ~or this size o~ feed 

the least power is taken at 38% moisture, but this will have to be 

proven by ~urther experimenting. 

comparing the results of the tests with the two series, it 

will be noticed that a variation in moisture does not a~fect the 

work done on the finer size as much as a corresponding change affects 

the work done on the coarser size. 

By examining the work done per unit some interesting facts 

will be noticed. It will be observed that at 43 R.P.M. the work 

done is increasing steadily with a decrease in the moisture from 38% 

to 30fa. This fact is brought out clearly by reference .to Fig. B, 

plotted from the figures. An attempt wa.s made to run an experiment 

with 28% moisture, but with the present feeding device it was not 

found possible to experiment with such a low moisture, as the 

trunnion became blocked with sand, so that the limit of this increase 

was not obtained. 

The results o~ Tests 17-20,with the same feed at 34 R.P.M., 

seem to indicate that the work done per unit is increasing with the 

increase in the percentage of moisture. With only four tests, 

however, at this speed it must not be considered that th~s point is 

settled. 



If further work confirms the results of these four tests, it 

will be seen that the effect of a change in moisture is not the same 

at different speeds. At the higher rate of revolution the best 

results would be obtained with a lower moisture than that which would 

give the best results at a lower rate. Mr. S.J. Truscott* cites a 

case which would seem to bear out this conclusion. He says that at 

the Koma ta Reefs in New Zealand they use a speed v;hi eh is considerably 

less than on the Rand, and they find that a moisture of about 50% is 

the one that gives them the greatest efficiency. The Rand practice 

is to use a~)out 38~1 moisture, so that it looks as though the ~peed 

might account for this difference. 

The five tests on the 18 mesh sand also show an increase in 

work done per unit with an increase i~ moisture, and though the time 

did not suffice for more experiments in this series these results 

would show that the character of the feed also affects the critical 

moisture. 

Series III. 

Speed Te~ts. 

Five tests were made in this series with constant moisture, 

nebble load, size and rate of feed. 

H Bull. No. 86, I.M.M., 1911. 
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Test 
No. 

4 

2 

2[ 

19 

22 

--
6

--lvV~~k done ' .:120 - 6

-·- ~-- 1----~-·---- ----
R.P_._M ____ .P. per Unit Tons per R.I1!.E. 

__ _ _____ __..__ ~4._)~0U!:~ _ --------------

43 5.77 3.50 2.80 10.90 I Pebble Load, 
1050 lbs. 

40 5.36 3.56 2.94 11.91 
' ~ 

38 4.01( ?)! 3.48 2.42 15.59(?) 10 Mesh Sand. 
I 

' i 

34 ' 4. 27 j 3.04 2.32 12.80 Rate ::: 18 ton a 

30.6~. I 2.01 I 15.20 
per 24 hours. 

2.94 Moisture, 
_..__~-~---· -~---l ________ an ro x _!_ 2-eJ-L-_ --~ 

The normal speed of the motor gave 43 R.P.M. at the tube mill, 

so in order to decrease the speed a resistance was put in series with 

the armature, and to obtain the different speeds for the tests the 

amount of resistance in the circuit was varied. 

The variations in power do not affect the general conclusions 

which may be drawn from this series of tests, on account of the. fact 

that there ie a comparatively large difference in the quantity of 

power used in the experiments. 

An examination of Fig. C, which 3raphically represents the 

results of these tests, shows that the power to operate the mill 

increases with the rate of revolution. Test 21 at 38 R.P.M. does 

not come on the power curve in the figure, but this is evidently due 

to some error in the power readings for th'is test, as the form of 



~I. 

curve sketched in agrees with the results obtained by the previous 

experiments made between 37 and 46 R.P.M. In plotting the efficiency 

for Test 21 in this figure the power was taken from the curve to be 

approximately 5 H.P., and this is the figure that has been used in 

calculating the plotted efficiency for this case. 

In the experiments made by Mr. Ball on the speed factor, he 

considered that he had found that below 37 R.P.M. there was an 

increase in the power required to turn the mill. When the results 

of the author's tests were found to differ so radically from this 

conclusion, an investigation into the cause of the difference has 

.shown that through an error in connecti~g the voltmeter to the switch­
~ "1~ 11 .__te~ t'Z:I; 

board instead of to the brushes of the motorAthe energy lost in the 

resistance was calculated as having been used by the motor, so that 

the results he obtained at Sl:>wer speeds than 37 R.P. M. are not correct. 

This incorrectness is, of course, reflected in the relative mechanical 

efficiency, and on that account the author's experiments have altered 

the whole aspect of the situation. 

From the conclusions that could be drawn from the previous(,t~•o-u) 

results, it was manifestly absurd to use a slower speed of revolution 

than that giving a certain peripheral speed, because not only did the 

grinding decrease markedly but the power required in the operation 

increased. With the new light that has been thrown on this question 



by these later experiments, however, it will be seen that while the 

grinding is less the lower the speed of revolutionJthe power 

decreases also, so that the highest relative mechanical efficiency 

was obtained at the lowest speed on which an experiment was made. 

In deciding~ the most desirable speed for any particular case, it 

becomes a question of balancing these factors. In the case of an 

ore in which a. very fine state of' comminution is not necessary, or 

in a case where the power costs are excessive, it would seem that 

low speeds would be economical. 

The tests in this series were all made with approximately 38~ 

moisture, and the work done per unit with pulp of this character is 

shown in Fig. c. Another factor, however, must be remembered, viz., 

that the effect of the same moisture may not be the same at different 

speeds. For instance, the work done per unit at 34 R.P.M. and 40.5% 

moisture (Test 20) is nearly as great as that done at 43 R.P.M. and 

38% moisture (Test 4), but it i·s considerably less than that done at 

43 R.P.M. and lower moistures. 
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Size 9f'_Fe~d to the Tube Mill. 

Summary o~ Tests. 

Test M.V. of Feed, Tons I Mois~--1-WOrk doner-12o, Tons 
No. Feed ~A 1-ours ture H.P~~P.er Unit_ ne~_24 hrs. R.M.;E. ----~-- .ll 

4 17.14 18.0 38.4 5.77 3.50 2.80 1().90 

14 19.24 18.0 38 .o 5.18 2.43 3.12 8.45 

23 19.89 18.0 38 .o 4.84 2.04 2.76 7. 60 

24 20.92 16.8 39.6 5.35 1.73 3.01 5.43 

R.P.M. 43, Pebble r.q_a.d_ 1050 lbs. 

The feed for Test 23 was prepared by desliming the tube mill 

discharge on 10 mesh sand_; that for Test 24 ~vas made by desliming 

the sand crushed in a a Huntingdon mill fitted with a 30 mesh screen. 

In Test 24 the ~ame oririce was used on the feed cone as in 

the previous tests, but it will be seen that this fine sand did not 

feed a~ as fast a rate as the coarse and on that account the moisture 

in this test is 39.6%, due to the fact that the water used was 

calculated before the test for a feed rate of 18 tons. 

The results show in a striking manner the decrease in the 

amount of work done with the increased mechanical value of the ~eed, 

and even with the 34" diam. mill it is evident that a still coarser 

feed would be more efficient. In this connection it will be of 



?>-~-. 

interest to note the increase in work done per unit with nepheline 

syenite under similar conditions. The test on the coarse sand was 

made by the 4th. Year students in a laboratory run, while the figures 

for the rine sand are taken from Test V made by Mr. Ball. 

Character of Rock:- Nepheline syenite, coarse size = 10 mesh battery 
screen 

fine " = 18 " " " 

work per Unit M.V. __ o_f __ F_e_e_d--~R_.P·:~Moistt_l_r_e __ +-_P_e_b_b_l_e __ L_o_a_d __ -4· 
----------~---

19.59 37 1030 lbs. 2.45 

18,.13 40 38.0% 1050 " 3.72 

-~----~-~-~--~-~--------------·-------------------

These tests, while not made under identical.conditions, also 

show an increase in efficiency with the coarse size. 

Lack of time prevented ~urther tests being made in this seriesJ 

but it is evident rrom the curve (Fig. D), plotted from results 
. 

obtained in the tests, that the coarse feed to the tube mill has 

raised the e~ficiency in a marked manner, and these results would 
~~~ 

indicate that even the ~our mesh battery screens now usedAmay be 

replaced by ones with even larger apertures. This indication is a 

considerable advance from the theory held by Argall, according to 

Richards*, in which he states that the most economical size of feed 

* Text Book of Ore Dressing. 



to the tube mill is .02 in., and it is in line with the opinion that 

has already been advanced by a number of engineers on the Rand in 

this connection. 

General Conc~~~i~~~-

In the first series of tests on the rate of r~~o whlle the most 

efficient rate has not been definitely determined, it would appear to 

be fairly close to 20 tons per 24 hours for this rock and this size 

of feed. In regard to the tonnage of -120 mesh produced, with the 

18 mesh nepheline syenite sand Ball concluded that the critical point 

was at 20 tons per 24 hours, but he i.nclud~rl the figures obtained from 

a test at 33% moisture in a series made at 38% moisture, and it is 

questionable whether he was justified in doing this. In any case, 

it appears that under the condition of the author's tests the tonnage 

of fine saJ.:d per 24 hours is increasing with the rate of feed, and it 

will be worth while to find out whether the. critical- point for this 

crushing efficiency differs materially from the critical point obtain­

ed from a consideration or the relative mechanical efficiency. 

The tests in Series II., on the affect of variatio~s in the 

moisture, did not prove as satisfactory as had been expected for 

reasons stated previously. They have indicated, however,. that the 

effect of a change in moisture may depend upon the speed of revolution. 



The conclusions arrived at in the speed tests are directly 

opposed to those made from the results of the former tests a.t McGi11, 

and it will be interesting to continue this series at lower rates of 

revolution to find out the effect of ~he decreased power on the effi~ 

ciency. Within the limits of this inve'stiga.tion, the effect of 

increased speed is to lower the relative mechanical efficiency per 
cuu.~f{, 

horse power of the operation but to increase the~grinding done. 

The tests in Series IV. were the most interesting in the work. 

They have shown·that the practice of increasing the size of feed above 

the limit first used in tube millin6 is justified by the facts, and 

although, with the small laboratory mill, the maximum size of particle 

which it is possible to crush economi.cally in the standard mills 

cannot be determined, still some valuable deductions can be made when 

these tests are continued with coarser feeds. 

A series of tests with the fine sizes would be of interest also, 

.-
in view of the opinion advanced by Prof. Bell that it would possibly 

be more economical to treat the tube mill "returns" in a separate mill 

which was more suitably adjusted to deal with them. In making such 

an investigation, the author would suggest that the first experiments 

be made on the speed of revolution. It is usually considered that 

the grinding in the tube mill is the result of two different kinds of 



crushing, viz., impact and abrasion. The tests made on the fine 

sizes in this investigation were made with sp_eed.s whi eh would give 

more of the first kind o~ crushing, and while this is favourable to 

efficient results with the coarse feeds, it is possible that if tests 

had been made at lower speeds the grinding in the fine sizes would 

have been increased. This is a point, however, that, along with 

many other debatable questions 7 will probably be settled in the 

continuation of the tube milling experiments, f'or perhaps one of the 

outstanding features of the wor1t done in the Mining Laboratory this 

year has been the fact that it has clearly shown the large amount of 

work that still remains to be done.along this line. 

In conclusion, the author wishes to express his thanks to 

pr. Porter, the Director or the Mining Department, for advice in 

'.--., 
connection with the work, and also to Messrs. Gartshore, Hanington ,.. 
and Raymond for assistance in carrying out the tests. He wishes 

especially, however, to thank Prof. J.W. Bell not only for the actual 

time spent in assisting in the work but also for the many valuable 

ideas advanced by him in the discussion of the investigation. 
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Tube Mill Efficiency Taet. 

. Data. J;J.j.it- IC/IL. Test Number. I 
Dry Fe ad- 24 hours. IS·91 Tons. water in pulp. 37·9 9o 

R. P. M. 
_____ 4Q _____ 1ft Pebble Load. 105'0 Lba. 

: 

Meohe.n1tJal vnlua of Discharge 2.0·8<;5 ;r T • 
~·\,;· 

Mechanical Yalud of Feed .. 17·2b 
#' , 

E.C~ 

Fork done pe:r unit. 3.{,z, E.:_r. 

Gr~gs l)OWel' 11!!0 Mill rriction plus Pebbles plus Pulp. 5·1J H.P. 

Deduct Mill Friction H.P. 

Nett Power - Raising pebbles and :pulp H.P. 

Relative Mechanical Efficiency based on ,roes Povrer. 1/·10 

RelBtive trechahidal Efficiency basen on Nett "i'OV/Or. 

scrdon Analyses. 

Feod. Dischargee 

Grade. ~ E.G". M. V. 
t 

I 
\ 

Grad8. d. E.U. M. V .. /-' 

+ 2~ 37·~' I?J h-·85 
D) I 'f .q-o 1.7 {)·~:; 

--
5~ ,q.o5 19 J·b2; 
80 tj·5'o 21 2·8S" 

120 5'13 23 I •jJ 
20\i 3·~8 ~b ~sz 

+ 20 Q·40 IS I ·J.fl 
30 IS·B? 17 7.·10 
5) 2 'l·7J- 19 4·3~ 
80 21.·1/f . 21 t.j- ( fofi 

12~ 7·01-? 23 I· b'L 
1ITJU 

"·9-~-
.J~ /· 73 

- 2(/i 2.·08 28 ,.,g - 20f 15·87 28 ~ ·JffJ-

Total jtYtJ·ITD t7·Zfo Total (a-t)·o-D zo·g_8 

Cruahing Efficiency. 

Tor:s - 120 grada :produced in 24 hours. .. Z·79 
s:ons - 2('':' grarie produced in 2.( hours. l·ZO 

·* :1-fu.P~~~ ''DQ/vu.J.. l~dU/4' ~~~ 
~~0., ~~-



Tube Mill Efficiency Teat. 

, ::late. J-dr.s'! lf/1~· Teat Number. t. 
Dry Feed- 24 hours. 18·0 Tons. Water in pulp. J7'7 % 
R. P. M .. 

____ 4:.1).:. ______ 
Pebble Load. /05V Lbs .i 

Meohe.p1.,al vnlua of Disoparg~ lO·BZ :i:.U. 

Mechanical Yalud of Feed, t7·Z' E. C. 

V!ork don a per unit. !; ·h-b E. :_r,. 

J.l'e)S! power ~ Mill rriction p_lus Pebbles plus Pulp. s-·a' H.P. 

Deduct Mill Friction - H.P .. 

Nett Power Raising pebbles and :pulp - H.P. -

Relative Meohanioal Eff1oienoy based on 'lroas 'POVTOJ.". /1·91 
.. .. .... 

RelBtive Mechanic?l Efficiency bas (~et on Nett "~'ower. -
~croon Analyses. 

Feod. Discharge. 
-

arade. % ]f~ tt' M • tl. 
. t I 

G~adt.J. % E.U . M. V~ 
-t 2t} ~7-~/ 

, JJ' tf-·'85" + 20 q.q/o I~ /•S?J 
3J 19·()'0 17 ~·23 

30 lb·05" 17 1..•73 
5~ lq·oS 19 ~·fo'L 50 2~·'k8 19 If-·¥~ 
80 13·;' 21 z.. Bo 80 7J> ·0 I :31 tf ·ZL 

120 S'73 23 !·31 12~ S.t/1 23 Z·o7 
2C0 J·'/..8 25 ~~~- ~00 Z·Zo 25 1·80 

- 20~ t·08 . 28. ·58 - ~oc /If- ·5!> 28 tf•01 

Total ftr1J•I17J 17,z fo Total /(}'1)·(j7) J.LJ·gz 

Efficiency. 

Tons - 120 grade produced in 24 hours. 



Tube Mill Efficiency T01t. 

J-d· ~' 
l' 

lJate. I 9'~ Test Number. j 

Dry Fe ad- 24 hours. z.o Tons-. Water in pulp. 37·9 i 1o 
R. p._ M, ,Lf-0 Pebble Load. /051J Lba. -------------

: 

Meohan1,al vo.lua of Disoharga zo,fot "W n 
-.JeV• 

: Mechaniaal Yalucl of Feed. '7·Z~ E. C. 

vor:K done per unite 3· ~ 5" E. ~T. 

Gl''lOI l)OW&r-:-~ Mill rriction plus Pebbles plus Pulp. S·tr7 H.?. 

Deduct Mill Friction - H.P. 
~ 

Nett Power - Raising pebbles and :pulp H.P. 

Relative ueop.anioal Efficiency based on 'lross Power. I Z·lS 

Relative Mecnanical Efficiency base et on Nett t1ower. 
-

scrdon Analyses. 

Feed. Discharge. 

Grade·~. % E.U. Y.Y. Grad(} .. % E.U. M. V. 
+ 2~ :!J 7 ·JJ 13 Jf-·85' + 2'J JI·Jf8 1•72.. 

bJ 
. J_7 ,q.o-o 3·Z3 

30 I la ·78 l.'l Z·8b 
5~ ,q.o5" 19 3·b1, 50 1~ ·o-o l~ if·3b 
80 13·6'S 21 2.·85 80 ,q-32 21 .if· o(, 

120 5'73 23 J•J/ 12() 8·bo :dD I· 98 
200 J·t8 ~5 ·a~ 

--zoo b ·8 ~ ,j~ J•1Z. 
- 20" 'J..·o8 28 .,-g -;J~ 13·9+ 28 J·91 

Total t~·tro 17·Zb Total /tnJ •a-D Z. O·bl 

OruGhing Efficiency. 

Tons - 120 grade :produced in 24 hours. 3·09 
Tons - 20" grarie produced in 24: hours. Z·37 



Tube Mill Efficiency Teat. 

Dry Fea<1- 24 hours. 1f? Tons. Water in pulp. jg.J.f % 
R. P. V. -----~~----- Pebble Load. ;050· Lbs. 

: 

lw!eohani~·al vo.lua of Discharge zo·6J..f E. U. 

·Mechanical 1\'"altiti of' Feed. 1 z. IJ.f E. F. 

Hork done pel' unit. S ,57) E. ~r. 

0r6)S5 power -- Mill rriction plus Pebbles plus Pulp. 5'77 H.? . . 
Deduct Mill Friction H.P. 

Nett Power - Raising pebbles and ~ulp H.P. 

Relative Meohaniaal Efficiency based on ~rose ?ower. 10-JO 

Relative Mechanical Efficiency base~ on Nett ~ower. 

screon Analyses. 

recd. Discharge. 

Grade. 1o "'fi! TT 
..i.!.J. u • M. V .. Grad8. % E.U. M. V .. 

-+ 2~ ~ 9·!>ll /3 5·11-f- -+ 20 11·10 15" J·b5 
3J t9·9S l7 ;,.~1 30 11·05 l.'l - Z·9D 
5~ 17·6l> l9 .J·~J 50 ZJ·?J!>- l~ lf·J..fS -
80 l~·lJV 21 Z·1?> 80 19·trO ~1 

3 ·99 
120 S·S6 23 I ·Z. 9 ln~ 

(...)\.... 8·5D 23 J· 9!i 
200 J ·Z. 7 

,...,~ 
/0..., .g2 200 5·98 25 /·~ 

- 20~1 Z·7.. o 28 .(,z - 20C 15·0l. :J8 4- ·zo 
Total /{)1)·fJ1J IJ·IJ.I- Total /(]() ·(T(J 2o·6Jf 

Oruuhing Efficiency. 

Tons - 120 grade produced in 24 hours. ~·Bo 

Tons - 20" grarie produced in 24: hours. l·JI· 
-



Tube Mill Efficienoy Taet~ 

_ Dat~. t''fdl~~ 1Cf12J Teat NUJnbor ~ ,j" 

. Dry Feed- 24. hour a q,. IB Tons • water in pulp~ ~1··c8 % 
r 

R. P. M .•. -----~..:,.-.-.--- Pebble Load. J {) ~-v Lba. 
: 

Maohan1~al VnlUS·Of Discharge 'ZO ·9~ E.U. 

Mechanical I 7, ~{, i 

Y.alU0 o:f Feed. E. [·I 
,~-.rork done, per·· unit •. ~J./, 7 E .. U.i 

or ~tal pcwer. -:: Mill rriotion plus Pebbles plua Pulp. ~·5b H •. ?. 

Deduct Mill Friction H.P. 

Nett Power·-· Rais1ng pebbles and pulp H.P. 

Relative ueohani.o-a.-l~ Eff_1oienoy based on rlroas Powe.r. I Z· o-o 
Relative Mec~anic~l Efficiency basect on Nett flOwer·;.· 

scrocn Analyses. 

Feed··· Discharge .. 
r 

Grade. % • . E •. u. M· .. .V •. . Grad8. % E.tJ_ M. V. 
-+ 2"'. .J,.. 20 q,'l'5 ,:;- J•&9 

~) l7 -30 15'75 17 1.·18 
5~ 19 

I 

50 J.t~-·65' 19 4·70 
80 21 ! 

I 
80 2o·15 21 ~·J..o 

120 23 12Q 8·/JO 23 /·99 
200' ~5 20U lo·SV 25 1·63 

- 20~ 28 - 2oe JS'ttJD 28 If •2.() 

Total Total J(}()•t.rO 2o·9~ 

O~li~hi.ng Efficiency_ 

Tons - 120' grade prod~ced in 24 hQure. 1·91 

7ons - 20': grarie produced in 24: hours .. 2·30· 
-



Tube Mill Efficienoy TGit. 

I 
-----~--

.,. ______ ---"! 

_ :aata. Jd" IB~\ 1q1z Test Number-. 6 
--

hours·~- ,g 31:>·9 % Dry Fead- 24 Tons. Water in pulp. 

R. P. M. -----~_1}_ _____ Pebble Load. /Ob{] Lba. 
: 

Meohani~al vo.lue of Discharge ~0. C)J.-1- E.U. 

Mechanical valuti of Feed. '7·l6 E. C. 

Fork done pel' unit. :b· 6 8 E.U. 

are ss power '~"= Mill rriction plus Pebbles plua Pulp. ,J·J_7 H.?. 

Deduct Mill Friction H.P. 

Nett Power - Raising pebbles and :Pulp - H .. P. 

Relative Mechanioal Efficiency based on "roas Povrer. ll·J I 

Relative Mec:p.anical Efficiency basect ori Nett t1ower. 

scrdon Analyses. 

recd. Discharge. 

Grade.t % E.U. M. V. 
1 

Grad0. % E.U. M. V. 
-t 2ft + 20 q-.J8 15' 1·11~ 

3) 17 00 lb·l~ l'! J...BH-
5~ 19 5(J 

~lf-·05" .l~ Ji.·:>-"8 -

80 2l ~0 tO·I$' · ~..L If ·7..5 
120 23 l.~J g.~1 ~~ J..c-o 
;:,uo f.J!J :dUU IJ'J8 ~t> I ·ff9 

- 20"' 28 - 20C 15'25 28 Jf·Z6 

Total Total tiJV•<rV J,o·J~-~' 

OruGhing Efficiency. 

Tons - 1~0 grade produced in 24 hours. z,9~ 

Tons - 20~ grarie produced in 2-4: hours. ~'31 



Tube Mill Efficiency Teet. 

Data. rfln(M;lft .. J. q tl .T~~.s t Number. 7 l 
"· : 

' ' 

Dry Feed-.. .• ' 24 hours .. /8 Tons .. Water in pulp. ~f)· I-f % 
R .. ·P.: .M·. -~----#-~---- Pebble Load. /o:ro Lba.l 

: 

Meohan1tJal vnlue of Discharge ~O·CJS E.U. 

Mechanical \'"'alUu of Feed. IJ·IJ-f E.u. 

J.tO.l'-k q.one .. r~ er unit. J·~/ E TT 
: . '-' . 

-
Gl'~SS power -- Mill rriction plus Pebbles plua Pulp. s·~s H.P. 

·.. .. 

Deduct Mill Friction - H.P .. .. . . . 

Nett .. ~ow~r -. .. Raisin~ pe.bbl~f3 and pulp - H.P. .. .-...I :·· ... 

Relative Meohanioal Effic1enoy based. on r'lroes Povre:r. /Z·80 

Relative Mechanical Efficic}ncy bfJ.SAc1 on Nett t1ower~ 

screen Analyses. 

... Feod • Discha~ge. l 

Grade·~. % "1' TT 
~. u. M. V. arad0. % E .. U. M. V .. 

+ 20 .3 q,so 13 S•IJ.f -L- "2'] q·?JO 15 /'l!-0 
;s) 18 ·95' 

. _l 7 
~·ll 

DO 15'b5 17 Z·~7 
5~ 11·50 19 3·33 5') %.t·96 19 lf•!Jb 
80 IJ·trO 21 2.·7 3 80 lq·~s· 21 )f.,, 1:, 

120 5·513 23 ~·i9 12~ q·~5 2D 1..•1:; 
2Uv J·Z.1 i::Jb •AL ~00 fo·JO ~~ ''"7 --20 .... , Z ·Z.o 28 lh z_ - 20C ;6·~o 28 Jf·st 

Total JO()·o-D J 7·1Jf Total /t.rD·trO ~O,'jS 

OruGhing Efficiency. 

Tons - 120 grade produced in 24 hours, 3·1 (;, 

Tons - 2C:" grarie produced in 24: hours. Z·5"f· 



~ube Mill Efficiency Toet. 

~~ 

-Data ... 'frbcvv· ~ ~ tqt'l.J Test Nunbor. 8 
Dry Fe a~ . 24 hours .. 18 Tons .. ·water in pulp. JJ,8 1o 

-= 

R. P. -M ... 
_____ l:f.:!l_ _____ 

Pebble Load. J{)~ Lba. 

Meche.nitJal VulUB of Dis-eharge z,,,1 R.lJ. 
-~---= 

Mechanical Yaluo of Feed .. 17· IH E.t. 

\·.rork done pe:r ur:it. If '06 E,. ~r. 

1::-(.)g·s powel' -- Mill rriction plus Pebbles plue Pulp. ~orf H .• ?. 

Deduct Mill Friction - H.P .. 

Nett Power Raising pebbles and ;pulp - H.P .. -

Relative Mechani-c)al Efficiency based on 'lroae ?ovre:r. /If ·J-1-0 

Relative Mechanical Effie i ,1nc_y basect on Nett flower. 

scrdon Analyses. 

Feed. Discharge. 

Grade. % ~ ""T M .• V,. ..i.!J.u .. 
t \ 

Grad8. % E.U. M. V .. 
-f 20 3'1·~-o /~ 5·1Jf + 21J g.,~ I~ I =lw Z 

;5) 
18·9~ 

l7 ~·'t/ 
;so I t~-·51J 17 z ·lfb 

5-~ \ '1·:>0 19 J'33 5J 21>·05' 1~ }f ·{J s 
8·J /J•VV 21 2·13 80 'lO·bO 21 ..L Jf·JJ.f 

12"0 5'58 23 J•29 l2:J q ·Jf-S 23 t·l8 
2CC J·21 25 ·82. ~00 b·76' ~3 b J. (,q 

- 2G"~ l·'J.-0 28 ·6 z. - 20t 11·5t> 28 ¥·9·0 

Total I trO·cro I 7· I Jf Total I o-o·()D Z/·17 
•nl-1-i Oru..,u..~..ng Efficiency. 

Tons - 1~0 grade :produced in 24 hours. 3·3 ~ 

Tons - 20" grarie produced in 2~ hours! J_,Jb 



Tube ~ill Efficiency Toet. 

:aate. Test Number. 9 
Dry Fe ad- 24 hours. 1& Tons. water in pulp. 32·Z 

R. P. M. ----~~~------ Pebble Load. /~b~ Lbs. 

Mechanical vnlue of Disoharg~ ZI·O~ ~.u. 

Mechanical Yalud of Feed.- 1 7• 1 1-f E.r. 
\·:ork don a pel' Unit. 3. 90 B.:;, 

~rose power -= Mill rriotion plus Pebbles plus Pulp. s·:r7 H. P .. 

Jeduct Mill Friction H.P .. 

Nett Power - Raising pebbles and pulp H.? •. 

Relative Meohanioal Efficiency based on ()roes 'POV16l'. IX·6o 

HelBtive ~.rechanical Effici,]ncy bas {;)et on Nett flO'N0:r. 
... 

Scroon Analyses. 

Feod~ Discharge. 

Grade. % 1j1 H M~ v·. ...:.1 e V t 
I 

. . 
% I E. u·. Grad0. M. V. 

-t 2~ Jj·JO ,3- j-·J#' ..L 20 f/•lf b ~~- 1·7~ 
;5) 

If> ·95" .L7 J·~/ 
;su 

~~-·JI-3 17 l·'fi 
53 11·5V 19 .3·3?1 .. 

80 l~·u-v 21 1.. •7 ?J 

!?J ~·hi 1~ 
'5·9~ 

80 I 8 •!J"'"'D ~1 a r JJ 8 

120 S"·~ 23 J• Z9 1~:; q_•07 23 1·og 
2 r.J D .3·~7 

;;:,!) . 'i'L 2-0,0 /,·98 ~J j J·7Z. 
- 201"\ 1•10 28 ,,'L - -20~ /fi•OS" 28 tJ-·07 . 

Total /(11)•ff7) 17·1Jf Total /0'7J·Irb ~J·O¥ 

oruGhing Efficiency. 

'• 

Tons - 120 ~rada produced in 24 hours·. &·67> 

produced in 24: houra·. ·- . 2.·9~ ~ons ryr. f' grario , - 1.1 - -



Tube Mill Efficiency Toet. 

:t~ata. ~tJN/1JJt_l Cf I Z,. T'c~t Nu:mbor. 10 I J 

Dry Fe ad~ 24 hours. 1? Tons .. water .in pulp. ';~ i 
32·~· i 

I 

R.. l'. M. 
___ :_ __ !-f::}_ ___ 

Pebble Load. 10~--o Lbs. 

Mechanical vnlue of Discharge 2o'79 ~.e. 

Mechanical Yalud of Feed. ,,,,, 
]}~. [ . 

done 
: 

lf-118 r.rork pe:r unit. ... E p . '- . 
-

or~ss powe:r '""" Mill rriction p·lus Pebbles plus Pulp. 6-,7~- H.!'. 

Miil Friction 
I 

Deduct 
l 

H.Po 
.. . . 

Nett Power - Raising pebbles and :pulp H.P .. 

Relative Mechanioal Efficiency based on '1ross l?ovrer. !3·0~ 
RelA.tivo Mechanical Effici.::ncy basert. on N0tt "t1QVlOr. 

screon Analyses. 

I 

Feed. . Discharge . 

Grade ... 1o E -rr M. V. Grad~;. % E .. U. M. V, 
I 

• v • 

+ 2~ t+S''/0 I~ [)•8 (:, -!- 20 /0•90 ,:;- ,.~:; tf 
3.) 18'85 17 :3·Z J 00 ;{;·~o 1.1 2..•77 
53 15'39 19 J•OlJ ! 

50 21.·:lb 1~ 1-/-,'l z 
80 Jl• 73 21 2 ·'-I-~ 80 l{j ,~() ;0.1 tl-, 10 

120 Lf·6o 23 I· o7 120 q·o-o 23 2..·01 
20.) z.~-7v 

;._~ 5 '~3 
~00 . 6 ·~5"' ;3~ 1·6¥ 

- 20'1 - j•). 8 23 ·3t - 20C 15"'5"!J ~8 'f:JS' 

Total ... I fJ7)·u-7J Jt1

• ~I .Total /crlJ•lro 1AJ '7,9 
Oru::>hing Efficiency. 

· ...... .... . . 
..... ~. 

Tons 12C ;?,rade produced in 24 hou·rs. s·JAJ I -
Tons 20~ grarie produced in 2-4: hours. %•5"7 

! - I 



Tube Mill Efficiency Teat. 

r~ ffh IJ/v /I j{ IC/ I 'L ... Jata. Test Number. 11 
Dry Fe ad- 24 hours. Tons. Water in pulp. 3{)tb % 
R. P, M. ___ _u-~._.:_ ____ 

Pebble Load. /l>SO Lbs. 

Mechanical vo.lua of Disoharga 7vl ,~ t.f :i.U. 

Mechanical Yalud of Feed:, '7''J..f E.r, 

Vlork done pel' unit. #--·2.o E TT . '-' ' 
are ss pow&r .., Mill rriction :plus Pebbles plu·s Pulp. ~·J+o H,P~ 

Deduct Mill Friction -- H.P.' 

Nett Power - Raising p~bblea_ and pulp H.P. 
j_ 

Relative Meohanioa1 Efficiency based on ~roes Povre!'. 13·97 
RelB.tive Mechanical Efficiancy basArt. on Nett !lower. 

Scroon Analyses. 

Feed. Discharge, 

G-rade. 1o E.u. At.v. 
I 

arad8 .. \ % 
I 

E.U. M. V .. 
\ 

+ 28 .j9·S"O 13 S·JJ.f -· 
+ 2-a- 9·31-f JS'" J•lfO 

3J 18·9s- .l7 J·2.J eo 1Jf•01v 17 2·39 
59 17·50 19 J·&J 50 t'f·l/0 19 J•79 
80 IJ•(Tr) 21 2·?3 80 19·01/- , 21 H-·cro 

120 5~ 23 /"19 l.~J q,(,o ";db 'l ·'ll 
2G0 3·2? ~5 '81 

-zuu 
'1·1.0 i35 I· So 

-,;3(j1 
2·~0 

;JC) ·62 ~ :JOl' io"9° 28 5'75 • 

Total /(/7)·110 17·1J/- Total /OO·trO 7.1· 3'-1 

OruGhing Efficiency. 

Tons - 120 grade produced in 24 hours. tf(o7 

Tons - 20C grarie produced in 24 hours. I# 'J-f? 



Tube Mill Efficienoy Toet. 

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

IJate. ;_ ~-1glE 1911- Teat Number. J2.; 
Dry Fea4- 24 hours. )~ Tons. Water in pulp. 3tf-· 2 % 
R. P. V. -----~1:/:_~_:_ ____ Pebble Load~ /OSV Lba. 

: 

Meohani,al vo.lue of Disoha.rge . 2.1·6 7 I.U • 
.. 

: Mechanical Yalud- of Feed. - 19·l7 E. F. 

V!ork done per unit. Z.·90 E.1J'. 
~ 

Gl'IJOI po-.er 'F Mill rriction plus. Pebbles plUB Pulp. $'~7 H.l-' .. 

Deduct.Mill Friction ., .. H.P .. 

Nett Power Raising pebbles and :pulp H.P. - -
.. 

Relative Mecl'lartioal Efficiency bae.ed. on 'lross Patter. J·6z .. 

Relative Mecranical Efficiency basert. on Nett t1qwer: -
scroon Analyses. 

I 

Feed·. . - Discharge . 

Grade. % E.U. M. V. 
J I 

Grad0. % E.U. M. V. -
+ 2~ 13·c3J IS l.·(J.V ~ 2'J 3·07 I~ ''~- (:, 

DJ Z3•71 J..'! If 'D/.f 
;50 J1·83 1.'1 2.·0 l., 

5~ 25'8J 19 tf•92 5J 23 ·90 19 ¥-~~ 

80 ).o·/8- 21 4 t?> 80 1q, ·23 21 5•10 

120 g '7b 23 1'0~ 12() !I 'A-¥ 23 1·~ 
20n 5·1~ 25 1·ZZ 2UU 7'9_7_ ;J5 1·99-

- 20"' J. '91 28 , 8lf .. - :euc 11·1b 28 1-f ·98 

Total /IJ7)'u-D 1 9'7. 7 
Jl 

Total /01:> ·o 0 21'67 
, 

Qruahing _Efficiency. 

120 g:rade produced in·24 hours. J.Jl I 

Tons -
Tons - 20~ gratie produced in 24 hours. z. /;~. 



Tube Mill Efficienoy Teat·. 

Dat8. ~CWiflft 191~ Test Number. 13 

Dry Feed- 24 hours. 18 Tons. water in pulp. 3~-z % 
R. P·. ll. _____ tt~------ Pebble Load. I057J Lba. 

Ye o he.r.1 ~a 1 V~lU8 of Discharge Z/·81 E.U .. 

Mechanical Yalu<J o:f Feed. 19 ·~Jf E. C. 

V!ork done per unit. ~·11-7 E.U. 

ar~gs power "'" M"fll rriotion plus Pebbles plua Pulp. 0'~~ H.P. 

Deduct Mill Friction - H .. P .. 

Nett Power - Raising pebbles and :pulp - H.P .. 

Relative Mechanioa1 Efficiency based on ·'lross Powe:r. 7 ·J>:J -
Relf:ltive Mechanical Effic i ;Jncy base et on Nett t1ower. 

-

• .. ~creon Analyses. 

recd.~ Discharge . 
. . 

Grade. % :m~tr. M.V. Grad0. % i E.U. M. V .. 
• I. i 

+ 2~ 1.2•/f-5 15 I·Bb ..... 2'J '2. 81 JS ·t+Z 
3J 13·~7 ..L7 1-f· DZ 

0() 11· /0 .l'l 1·90 
5~ ~"· ~~ 19 5"'D b 5J 2~ 1.ti5 l~ J.f ·tf lo 
80 W· foJf 2l. ~'JJ~-

80 A.Jf·los 21 Sil5) 
120 s·ss 23 2 •0/.f 12.J /I •JfZ ;G.j J... 6J..i 
tjUD 1-f ·9Z ~a /'2.3 -zuu ~·Oj ~~ 2·02.. 

- ~Li 1 1·8H ;38 '79 - 20t 18·sD 28 5•18 -
Total /fJ7J•tr() /~. 34- Total Jo-o·o-v 21·81 -

Oruahing Efficiency. 

- -' 

Tons - 12-0 grade rroduced in 24 hours, ~ 'J-f() 

~ons - 2~"'"' '..; grarie produced in 24: hours .. 7.· 9~ 
.... 



Tube Mill Efficiency Toet. 

Date. Ov/vL ~( tql't_. Test Number. /If 
I ~ 

Dry Feed- 24 hours. Tons .. Water in pulpa JB·O i % 
R. P. M. ----1:1:-~------ Pebble Load. ;ot>-o Lba. 

: 

1.,1· 67 Meohe.nitJal vo.lue of Discharge ~.u. 

Mechanical Yalucl of Fe ad. ltj·Z Lf- E.r. 
nork done per unit. l·J¥. J E. :I. 

Cf:'~jSB power ,.,. Mill rriction plus Pebbles plue Pulp. s-·18 H.P. 

Deduct Mill Friction -- H.P .. · 

Nett Power - Raising pebbles and :pulp ..- H.P .. 

Relative Mechanioa1 Efficiency baeec1 on flrose ?ovrer. 8 ·J-1--$ 

Relative Mechanical Efficiency basP-rt. on Nett !'owor. -
• .. scroon Analyses. 

Feed. Discharge. 

Grade, I. % E.U. M.Y. Gradu. % E.U. M. V. 
~ 2~ J~·JO 15 'l·Ob ..J_ 2'] J·ID It)- . tj,lf 

3J 1..5'10 17 ~·~? 
3() 11·90 .17 l·OS" 

5~ 't-/f I 65" 19 if- ·67 50 'ltr· 10 19 Lf·S8 
80 I 9·1S" 21 If ·OZ., 80 1.1/- •OU , 21 5•05 

120 8·30 23 1·91 120 1/'~0 23 2·58 
200 5"'11--s- 25 J·bb 200 8·~-s 25 2. ·I Jf 

- 20'i J•OS' 28 'fJ!) - 20C 17·1-S 28 J.l-•83 

Total ltrO·ITO 19·2..¥ Total ltrO·fTD ~~·~7 
druohj_ng Efficiency. 

..... 
Tor:s - 120 grada produced in 24 hours. 31/Z 

Tons ~ 20" g:rarie produced in 24: hours. 
"''~' l 



Tube Mill Efficiency Teat. 

:t~ate. 11/, fJN / ( {! I '/I "' Test Is- T 
Nuwbor. 

Dry Feed- 24 hours. 18 Tons. Water in pulp. 3t5-~ 1o 

R. P. M. 
_____ L:f-_p_ _____ 

Pebble Load. Lba. 

Mechanfoal vo.lue o_f Discharge j.J·Jf5 "'.f rr 
___. • V • 

Mechanical \~a1u0 of Feed. IC),o9 E.[. 
.. 

Fork done Ptr+' ur'"i t. l·aq E r: . '- . 
~ross power *""' Mill rriction plus Pebbles plus Pulp. S·85 H.?. 

Deduct Mill Friction -- H,P. 

Nett Power - Raising pebbles and :pulp -- H.P. 

Relative Mechanioal Efficiency baeed on !lross ?owe:r. j·Z/ 

Rel3tive ~,fechanical Efficiency bns e~n. on Nutt i'OWrJr. 
·- '!. 

' 1 .. "l Scroon Analyses. 

I 

Feed. Discharge. 

1o d, ~ 

Grade. D Tf M. V. Gradu. E.U. M. V. .....___; • V • jv 
I 

+ 2~ 15•1+5' IS ~. ~'l + 2'] J·05 IS ·JfL 
b) 11.1-•1+0 

j_'( ).fr/5 ~f) ,,, b6 j_ '1 
1·98 

53 J..~ • I 5 19 tl-'9? 5.J lS'•trO l~ Jf'75' 
80 t9·tiS 21 lf•/0 ?v 2 5"'b0 ~1 5"'~7 

120 1·tflo 23 1'7_2 l2J 1/•51 ~3 1·ht 
~U0 If ·J.B ~5 /'01 200 7·fo C) c::: 

/• 9!" (.)\_) 

- 20~ l·?l 28 •76 - uue /~'39 28 1f·Z7 

Total /07J•trD t9·D/ 
I ' 

Total /o-o·u-D 21'Jf3 

Oruahing Efficienoy. 

-
Tons - 12C gradrS produced in 24 hours. l·92 
~ons - 2C·" grario produced in 24: hours. 2.·:1. ~ 



Tube ~lil·l Efficiency Toet. 

-- )/0a,v I~ tf 
.., ., ~ 

, :aata. 191?.-· Te.at Number~ lb 
Dry Fead.- 24 hours_ 18 Tons. Water in pulp~ tf-0·~ 1o 
R. P. M. _____ !£_~~---- Pebble Load~ / {)b"""D Lba. 

Meohan1~al vnlue of Disoha.rga 2-1,90 "':f n _,.u,_ 

Mechanical Yalu0 of Feed. /9 'dlf E:· r-· 
- ....... 

r:·ork done pe:r unit. 2·tfb E.::. 

!1-l'OSI power I!!: Mill rriotion plus Pebbles plus Pulp~ s·69 H.P. 

Deduct Mill Friction H.P .. 
- --- -·- -~--- -

Nett Power - Raising pebbles and :pulp H.?. 

Relative Mechanioal Efficiency based on Gross Povrer. 8·1Z 

RelR.t.ive Mechanical Efficiency bas e~ct Nett t1ower. -on 

Bcreen Analyses. 

Feed. Disch flrge •· 
-r 

Grade. 1o E.u. M. V. Grad0. d. 7v E~U. M."V. 

+ 2~· I'J..·tfS I~ 1·8~ ~ 2') 2·8 Jf- 15 •4-l 
3) 1.~·h'1 17 JfrOt 30 1/•IIJv 17 1·8 9 
53 :l6·~!3 19 S"·Ob 50 ").~·/§" 19 4·Zo 
80 2o·loJf 21 Jf~# 80 J..o '7r>- · 21 J.J ·99 

120 8 '85" 23 1.·0¥ 120 11·4~ 2"3 2· "3 
20~ l+t()'l 25 J·2.~ 200 8·18 25 Z·oH-

- 20~-· :<· ~J..f 28 '79 - 2oe· 'Jo.57J 28 5'7:3 

Total /117J•u-D 19·3 Ji Total I fTl)·crv 'l-1·9o 
I 

Crushing Efficiency.; 

120 grade produced 
i .. 

24 hours·. ?J '7h Tons - J:n 

Tons - 20': · gr·ade produc·ed in 2-i _hours.; · 3~18· 
-



Tube !.~ill Efficiency T0et. 

~ · :a a t~=a • ·:.. ·1fhfk'v 'UJ t' t 'f' ~ 
- . .... L--~-----"1 

Test Number. 17 . - ,. 
Dry Fe ad- 24 hours. 1& 

.. 
Tons. Water in pulp. clo 3",z I 

3/:1:. - .. 

R .• P .. M. 
·-.,: 

Pebble Load • Lba. -----~ -----·-
.. 

Meobanioal vnlua of Disoharg~ 1f'S8 
"';f p 
~. ~' . 

.. .. .. 

;/,•70 Mechanical YalU0 of Feed. E ;-. \,.. . 
Fork done pal' unit. 2· 88 E p . '- . 
~l'~SI power """' Mill rriction ·plus Pebbles plus Pul:p. 

£1-''7 
H.P. 

.. 

Deduct Mill Friction H.P., 
-

Nett Power - Raising pebbles and :pulp - H.?. -
.. 

Relative Mechanioal Eff1o1enoy based on rl~oss 'Powe!'. I .2.. ·tl-~-

Rel3tive Mechanical ·Efficiency basP-<1. on Natt ~owor. --

Analyses. 

Feed. Discharge. 

Grade. 1o 1:1 ~r M. V, Grad0. a, E.U. M. V. ~.V • /"' 
" 

-t 2' 1-fl.f-, Jl-0 I~ 5'7b ~ 20 19·9S /.'-1- t_,so 
0·) 18'~-v l.'! ~,IS' ~0 2a ·afi .l '! 3 '1/-1 
5~ 15'85 19 ~·01 5:) Zo·55 19 3 •9Jf-
80 /J•85" 21 2-lf-9 r3C JS•5S 21 3 ·'Z I 

120 /--f-•90 23 I·J ~ ~1 "" ~)\._., 7·-zo 23 ,. 61o 
~G~ z .. 7 J-f k.Jb _· ,t9 ;dUU qr90 ;-35 /' 2; 'L 

- ~lJ~ /' 7 fo ~Jj '4-9 
- ~u~ I/, 5"l> 28 J·12 

Total /tr(). 0() ,,.70 Total ICJ?)·o-o I'J· S 8 
~ t"; 

oruahing Eff;iciency. 

Tons - 12C grade produced in 24 hours. 'l•IS 

Tons - 2C~ grade produced in 24 hours. J•]b 



Tube :/.ill Ef:ficienoy Toet. 

• 
. Data. Notw ?o~ !Cfl~ Test Number. 18 

Dry Feed- 24 hours. /?1 Tons. water in pulp. ,0'·7 fa 

R. P .. M. ______ _J_~----- Pebble Load,. /Os-D Lba. 

Mechan1oal vnlue of Discharge 19·7~ ::!.U. 

Mechanical Yalut.i of Feed. I {, · 70 E r-. \... . 
Fork done pe:r unit. r3. o/, E. :I~ 

'1l'~SI power -- Mill rriotion plus Pebbles plua Pulp. t.f-·3 9 H.?. 

::Jeduct Mill Friction - H.P .. 

Nett Power - Raising pebbles and :pulp - H.P. 

Relat'ive Mechanioal Ef'f1oionoy based on rlross Power. /Z·St) 

RelA.tive Mechanical Efficiency basArt. on Nett t1owor. 

I 

·, Feed. Discharge. 
~ 

; 

Grade. 1o ~ n M. V. ..l.!..l .. v. , Grad0. i % E.U. M. V-
+ 2~ 1-/-J.f. • tl- b 13 ~'7b ..j... 2'J It ·3~f IJ.f J.··Z 9 

3) ,g '5"V .17 Jrl5" ~ 2.,0 ·~s- 17 a ·1-J-4-
5~ t$•85 lB 3·01 

5) 17..·15 19 Jf·"/...0 

80 11·8S 21 1 •lf9 f30 . -l' '90 ~l ~·55" 
120 lf-•90 23 J·/'3 -·--

120 
7·4-0 

23 /·70 
i:JUV Z· 7/.f ;::;t; • /, B ~uu 5'1-o 

,..:; !) /•32 
- 20~ J·71o 253 ·Jf9 - 20T 11·/,S 28 3 ·Zb 

Total /trO'tr0 //,•70 Total I~·CTO 19·7t 

Oruahing ~f'ficiene_y. 

Tons - 12C grade produced in 24 hours. 'J.·'l Lf 

Tons - 20': grade produced in 24: hours .. 1•78. 



Tube Mill Efficienpy Toet. 

fl 

~ ()fiJ ~ () rl: I .if-' ~ ~ate. Test Number. '9 . . 

Dry Fe ad- 24 hours. ./ g Tons. Water in pulp, 3 8 ,() ~~ 

R. P. M. ______ §_~:_~-- Pebble Load. Lba. 

Meohan1~al vnlue of Disohar_ge 19•71../' 3:.T:. 
.. 

Mechanical Yalu0 of Feed. ... I ~·70 E. l-. 
. . . 

vork don a pel' unit. c:d. 0 '-1- E p . '- ~ 

'Jl'e)S! p_ower ~ Mill rriction p).us .. _P_ebbles ;plUB· Pulp. 4-'Z 7 H. r' $ 

Deduct Mill Friction - H.P .. -

Nett Power Raising pebbles and pulp - H.P. · - -

Relative Mechanioa1 Efficiency based on 'lross ?OV16l'. 12·80 

RelBtive Mechanical ~fficiancy basArt. on Nett t1ower. f 
_..., 

.-

.. 0 tSC na YJ€· 
feen:. 

Fc.e~l-
;Q3:sefia::rge. 

Grade. 1o 1'j' n M. V. ..LJ • v • 
t 

% 
I 

Gradt;. E.U. M. V .. 
+ 2~· 11·80 Jt+· '). •lfj ...... 20 tf/.1-·Lfo !3 . 'S'_7' 

DJ. Jq.qs J_?. J·J9_ 00 18·5"0 .17 J. 15 
53. 10·95 19 3·98 50·. IS'85 19 3·01 
80 I~ ·3o 21 J·~l. 80 11·'6$ . 21 Z·cr9 

120 7'b0 23 J·7S 1')" t:-J\.- tf•9° 23 I· I 3 
~(jJ 5'1/-0 i:Jb J'3S ~00 2•74- ;-3 5 'b8 

- 20~ IZ•trV 28 J·Jb - 20C /'7b 28 •t+B 

Total to-o•crD 19·7Jf Total /{)7)'tr'V //,'70 

OruGhing Efficiency. 

Tons - 12C grade produced in 24 hours. 2·at 
Tons - 20"' grarie produced in 24: houra. /, 'dLf 

~ 



Tube Mill Efficiency Toet. 

--

.. :Date. J/hiMl z~ 191z~ Test Number. J..O 
: 

Dry Feed- 24 hours. /~ Tons. water in pulp. t.ro·s- ~; 
= 

31-/-R. P .. M. ------------- Pebble Load. j057J Lba. 
: 

Meohan1.,al vo.lua of Discharge LD·IS 7 T ~ 
~ . .._,. 

Mechanical Yalud of Feed. - - 1'·7~ E.[. 

\".·'ork done per unit. cJ• ~D E r· . '- . 
'Jr~ss power -- Mill rriotion plus Pebbles plus Pulp. #-•#-7 H.?. 

Deduct Mill Friction - H.P .. 

Nett Power - Raising pebbles and -pulp - H.?. 

Relative Mechanioal Effio1enoy based on ,ross 1'0Vl6l'. /tJ·6f) 

RelA.tive Mechanical Effici;;ncy bA.SP-<i. on Nett i'owor. -
scroon Analyses. .. 

Feed. Discharge. 

arade. 1o 1il TT' ' -M. y. ..o.:J. \..; • 
_l_ ' 

Grad0. % E.U. M. V, 
+ 2~ 1.1-4- ·ss 1.3 5"'8~ 

..I.. 20 'J3·~o Jl-f I· g~ -
DJ 11· ~I 1. ·r a·o-o 0U /9·'LO l. ·r 

3'2~ 
5~ IS''5"1/- 19 2., 95" 50 A.~·so 19 '+ '2 7 
8C) IJ·9~ 21 2.·t>l 80 1'6·10 - 21 ~'SO 

120 4-•90 23 I· J !J 1'"'" 1-J~ ~·?..0 23 . ,.·g9 
2CJ ~· rz, i;Jb '79 --zuu 5'95 ~35 1'4-9 

- 20~ ~·01 28 .~ - 20C 1]., 7~ 28 3·57 

Total I ()'?) • tnJ 1'"75 Total I fTb· o-o 2-o ,,5" 

Oruahing E·ff.iciency. 

~I 

Tons - 12C grade produced in 24 hours. 't-·Lf 4-

Tons - 20"' grarie produced in 24 hours .. 1·9~· 



Tube ~lill Ef:fici.:~rJ~Y Toet .. · 

:Jate. ?r/ocw~ t r Jl-- Test ~.ru::ic· or. Zl 

Dry Fe ad- 24 hours. 18 Tons. Water in pulp. BB·o S,~ 

R. P. M. ----~~------ Pebble Load. /Os-D Lbs ·1 
1 

Meoha.n1tJal vo.lua of Disoharga .Z0'2 ~ 
".f r. -·. '-' . 

Mechanical \·aluu of Feed. I b·7S ~i. l. 

';.·ork don a per unit. 3. J..f8 E p . '- ~ 

:tr0sB power -= Mill rriction plus Pebbles plus Pulp. J./-•01(?) H. 'l' ~ . 
"# 

::Jeduct Mi.l.l Friction H.P., 

Nett Power - Raising pebbles and :pulp H.P. 

Relative Mecnanioal Efficiency based on 'lr·oss·· ?oVTer. J S·59(?) 

Rel8tivc t~echanical ]!fficicJncy bASP-0. or. ti8tt ~ o·,'~;:_;r. 

Analyses. 

Feed. Discharge. 

Grade. (A Tl • TT • M. V. Gradt.;. C( E.U. M. V. ;o _:~ • V • jv 
t 

+ 2~ 1-1-'+ '88 13 5'8~ 4- 2'J I~·?Jt:> /0 2·c-o 
:5) J?•fol l7 c3·o-o j() 

18'9$ 17 3· ,~ 
5~ 15'54- 19 1.·95 5J 2J·o5 l~ 1-f·3'J 
80 11· 9J.f 21 z. 51 8r, 

~v 17'90 ~l 3·7b 
120 J.l-•9 0 23 ,. 1a 1:=:2 <i''lO 23 ,. fd9 
200 J, I~ 25 ·78 200 5'75 25 /•J+J+ 

- 20-"~ 2·0/ 28 ·.Jfo - 20C 1').·85 28 d·foo 

Total /fn:) ·e-o ;t '75 Total /~·(/() ZD·'llJ 

Oru3hing Efficiency. 

Tons - 12t ~rade produ9ed in 24 hours. J. ·1-fJ 
Tons - I")/', f' grarie produced in 24: hours. I'JJ 1..1' . 



Tube ~ill Efficienoy.Toat. 

. ~at; 25tf 
,.------,. 

:Jate. I 91'L . Teat nu~:1[~:or. 1t 
-

,___ _____ 
Dry Feed- ·24 hours. . I & Tons. water in·pulp. 3&·0 ~~ 

TI. P. M. . BO·~ Pebble Load. IOSO Lbs. ____ ;--"' ________ 

Meohan1fJal vnlua of Discharge 19·69 1.U. 

Mechanicai Yalu0 of Feed. 1~'75 E.L. 

'/ork done :per unit. 2, 94- E.:;; 

J'::'e)SfS p~w&r 1"!:: Mill rriction })lus Pebbles plus Pulp. ~·J./-8 H.P: 
·-

Deduct Mill Friction - H.P .. 

Nett Power - Raising pebbles and :pulp -- H.P. 

Relative Mecpanioa.l Effioienoy !jaaed on "lross Povier. 15·Zo 

RelR-tive Mec:panical Effici~1ncy bas e~n. on Nett ~'ower. ---
screen Analyses. 

Feo(l. Discharge. .. 

Grade. % -w. TT M. V~ Grad0. % E.U: M. V. -'!J. u • 
{( 

+ 2~ tf'+·fitg 13 5·8Z -4--- 21J ti·IJ6 /# 2. '+4-
3) t7• /,/ 17 ~·(TO 3() t9·75 1.7 3· ~ 1:, 
5~ tf"'5lf 19 2·95' 5J 2,1•80 19 '-/-•1/-f 

80 11·9¥ 21 2. ·:>1 80 ;b•90. 21 6·:>5" -
120 23 TI~ 

r- 23 --
4·90 1•13 7·80 I ·90 

200 )r12 25 •7g 200 S·/.fS (J ::> 1'3 b 
- 2(/'t J.•O/ 28 'Db - 2TJT /0,85 ;.._;?j 3, 0 Lf 

.Total ttrl)•tr{) lb·75" Total /{)()·o-0 19·tq 
Oruahing Efficiency .. 

Tons - 12C ~ad a produced in 24 hours. '2·01 

Tons - 20" grarie prod1iced in 24: hours. 1·59· 



Tube !lill Efficiency Toet. 

Data. Oju; 7.. ~ l'fiZ · Test Number. 2:?> , 
18 Water in pulp. ~8·o rjo Dry Feed- 24 hours. Tons. 

n. P. M .. -----~.3_ _____ Pebble Load. I 05V Lba. 

Maohs.n1cal vnlua of Disoharg~ Z/·9~ :?..U. 

Mechanical Yalu(j of Feed. 19·9 9 ~;. l_'. 

;·.:ork d. one pe:r unit, l.. oJ..f E T'!' . '- . 
rt:roos power IF' Mill rriotion plus Pebbles plus Pulp·. ¥·gtl- H. I'. 

Deduct Mill Friction H.P. 

Nett Power -- Haising pebbles and :pulp -- H.P. 

Rolativo Mecnanioal Eff1c1enoy based on t}roes 'Power. 7·6o 
Rel8tive Mechanical Effici:Jncy bfiSArt. on Nett flowor. 

scroon Analyses. 

Feod. Discharge •. 

Grade. % 4' 'tr M. V. ~ • I..J • 
I 1 

Gradt;. % E.U. M. V. 
+ 28 /O•trO 15 1·5"0 + 2') 1.. •()-0 IS" -ao 

'j) 13•/0 .L? ~t08 00 ~·zo .17 /'JI--0 

53 ')..~,/6 19 J+·9~ 5-J ~3·55 19 
lf'lfJ 

80 J.!Jt?.-5 21 J.l. ·B'd 80 1.1:)', 0 21 S':J9 
120 IJ·~o 23 'A•It,o 120 I :!J·/0 t33 .3·0 ;t 
;dUO ?·30 t::.tb 1·9'1..- ~uu q•70 IJ b 2•1-fZ 

- 2CJ) j.9o 28 /·09 - 2(Je t/,·BS" 28 H13 
Total /trO·trO 19'99 Total ltrO'P'V ~1~93 

.... 

Oruahing Efficiency. 

Tons - 12e grade produced in 24 hours. "•71:, 
Tons - 20~ gra.rie produoed in 24 hours. A·!~· 



Tube ~lill Efficiency Toe·t. 

r .. C<Jw'L ~ ?.,tf lat6. tqi'L Test Nur:1bor. 
~------ r 

! Dry read- 24 hours. 16 ·8 Tons. water in pulp. 3 9·" o/o 
t- -
' ----~Lf=~------ loJi7> Lbs·. i n. P. M. Pebble Load. 
I l r- ----

zz.6s-I 

Discharge ~ r I ' Meoh!.nioal vnlue of __,. ' . 
t-

E~. r .1 I }.~ echar..ical ,,.aluu of Foed. l-o ·9 '/.J ·-
\'fork done pe:r unit. /•7J E p . '- . 
·:Jr,GI power I!= Mill rriction plus Pebbles plus Pulp. j-·Js- H.P. 

Deduct Mill Friction H.P .. 

Nett Power - Raising pel)bles and :pulp - H.:?. 

Relative Mecpanioal Et'fioienoy based on rlross ?ovre:r. 5"·~3 

Rel8tive }.fechanical ;Effic i ~)ncy bnsP-<i. on Nett 71ower. 

Analyses. 

Feed. Discharge. 

Grade. 1o T.l T r M. V. ....;... • u. Grade. c. E.U. M. V~ /V 

+ 2~ - -- -- ~ r)f"' 
?..JJ -

.')) b·f£Jv J.._ 1·1 'L ~u l .(jl) J. ·r 
·'!J~ 

53 3 7·36" 19 1·10 ~.) U>·8D l~ 3,95" 
a.J 30 •J5' 21 t·oJf 80 .io·]o 21 (:,·If~ 

120 11.·90 23 :Z.·f)6 122 1{)'70 23 ,)d:JI 
20~ 8 •/5' 25 2·oJf 200 11·8o 25 2. t9:J 

- 20"' /f-•85 28 
/· ~" -- 20" 19·10 ~8 :r·J5" ..,.... 

Total /trl)•o-D A_D·91v Total /tJ7J·trv 2.. ~·ts-

O:ru3hing Efficiency. 

Tons - 120 grade produced in 24 hours. J.oJ 

Tons ~ 20,-- grade produced in 24 houra. 2 •/f-0. ~ 
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