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INTRODUCTION

Scrapers long have been used in underground mining
work, and in recent years the transfer of ore and waste
rock by power drawn scrapers has become standard practice
in many mining operations. Naturally the great employment
of scrapers has brought about numerous changes in design as
they have been adapted to, and improved for, their various
uses. From these changes and improvements have evolved
several common gcraper types which are in use in mining
throughout the world.

Although experience has brought out much information
on serapers no systematic studies of the efficiency of mine
scrapers have been carried out before the experimental
works done in the last few years at the Missouri School of

Mines. (1, 2, 3, 4)

(1) Forrester, J. L. and Clayton, A. B., A Study of NMine
Scraper Buckets and Thelr Efficiency, Missouri School
of Mines and Metallurgy, Technical Bulletin, Vol.17,
No.2, 1946, 48 pp.

(2) Forrester, J. D., and Carmichael, R. C., The Effect of
Rope Speed and Moisture on the Use of Serapers in lMining,
Missouri School of Mines and lMetallurgy, Technical
Bulletin, Vol.18, No.1, 1947, 31 pp.

(3) Johnsen, S. F., A Study of the Power Consumption of
Mine Scrapers, A Thesis Submitted to the Faculty of the
Missouri School of Mines and Metallurgy, 1949, 62 pp.

(4) Vigier, G. J., Efficiency Studies of the Effect of
Moisture on the Power Consumption of Mine Scrapers,
A Thesis Submitted to the Faculty of the Missouri
School of Mines and Metallurgy, 1950, 62 pp.
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Purpose of Problem:

The purpose of this study is to detexrmine the effect
that the specific gravity of the material scraped has on
the power consumption and the efficiency of the common
types of mine scrapers. As scraper weight, rope speed,
and moisture content of the muck are important factors
affecting the power consumption and efficiency, these
variables are the ones considered for each type scraper.
Two materials of different specific gravities are used in

the gstudy with an equal number of tests run on each material.

Problem Procedure:

Three types of scrapers were tested. These were: The
crescent scraper, the box scraper and the straight bail hoe
screper. These scrapers were avallable in the mining
laboratory and were used in the previous model scraper
gstudies.

The model scrapers were constructed at a scale of
1 to 6.

A small electrically-driven hoist was used to pull the
scrapers on a table 15 feet long by 4 feet wide. A Westing-
house recording wattmeter connected with the electric motor
was used to record graphically the power consumed.

After a given number of passes at the muck pile on the
table, the weight of the meterial scraped was determined.
The amount of power consumed in the scraping was computed
from the wattmeter graph. From the figures thus attained

the results and conclusions of this study were derived.
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REVIE! OF LITERLTURE

History of Scraping:

Power scrapers were used first in actual mining opera-

tions for moving muck by the Bunker Hill and Sullivan lining

(5)

Company at Kellogg, Idaho in 1898, A slip scraper powered

(5) Van Barneveld, Charles E., lMechanical Underground
Loading in Metal Mines, Missouri School of Mines and
Metallurgy Technical Bulletin, No.3, Vol.7, pp.210-212,
1924.

by a small single drum air hoist was used. The scraper
was guided and pulled back to the muck pile by hend.

Most early scraper practice employed slip scrapers and
single drum hoists. Just prior to World War I the develop-
ment of two drum hoists and bottomless scrapers greatly
improved scraper efficiency.

Probably the greatest, early mining application of
scraping practice was in the Lake Superior iron and copper
mining districts. In later years, scrapers have had import-
ant use in the Tri-State lead-zinc mining district.

During the last twenty years scraper development has
been characterized by increases in horsepower, rope speed,
and size and weight of scraper buckets. Also, the three
drum hoists for scraper control have come into universal
usage.

A very good abstract of the history of scraper practice

has been published by Forrester and Clayton. (6)

(6) Forrester, J. D., and Clayton’ F:.o B., .QR- Cit- ppo‘l-lf.
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Scraper Operation Data:

Johnsen (7) has listed the following factors which may

(7) Johnsen, S. F., Op. cit. p.3.

be considered when selecting the most efficient mucking
equipment for a particular mining problem:
1. Lowering of development costs.
2. Increased production from stopes.
3. Reducing hazards of mucking.
Lo Availability of certain types of machinery.
5. Amount of ore or waste to be moved.
6. Type of power available.
7. Mining method employed.
The field of application of power scrapers may be
outlined as follows:
Development work
Inclined shafts
Drifts and cross cuts
Production stopes
Top slicing stopes
Open stopes
Room and Pillar stopes
Sub level caving stopes
Cut and £ill stopes
Square set stopes
Shrinkage stopes
Block caving stopes

Ol LE Zyl_i.lbl

f stopes
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Transfer of material in sub levels
Moving of material in open pits
Reclaiming tailing piles

Placer mining

8
Jackson and Hedges (8) state that scrapers are best

(8) Jackson, Charles ¥., and Hedges, J. H., Metal lining
Practice, U. S. Bureau of Mines, Bulletin No.419,
p.183, 1939.

adapted to underground use where large quantities of ore
must be moved conmparatively short distances.

Jeppe (9) has listed the main factors affecting scraper

(9) Jeppe, C. B., Gold lMining on the Witwatersrand, The
Trans Vaal Chamber of Mines, Vol.1, p.889, 1946.

efficiency as follows:

1. Size of scoop.

2. Speed of rope.

3. Amount of delays due to broken ropes and other
inevitable repairs.

L. Stoping width, concentration of rocks, length of
drag.

5. Position of scraper lines.

10
Pierce and Bryan (10 have given these advantages thet

(10) Pierce, R. V., and Bryan, R. N., Scraping and Loading
in Mines, Compressed Air lMagazine, Vol..47, No.6,
pp.6750~4, June 1942,

scrapers have over other types of loading machines:
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1. Operation of a mechanical scraper is very simple
and does not necessitate a long educational plan.

2. Initial cost is less than that of other loeding
and conveying machinery.

3. It is not complex and has few exposed parts.

L. The bucket and rope of the unit usually are the
only parts exposed to possible roof falls, thus, the whole
scraper installation is less liable to damage than are
other comnon loading devices.

5. It accomnodates more diversified types of mining
conditions.

6. Men need stay in untimbered areas but a fraction

of the total working time.

Motive Power:

Scfapers usually are powered by either air hoists or
electric hoists. Overpowered hoists are desirable for
scraper work, as they are frequently momentarily over-
loaded and are subjected to very rough usage.

(11)

Johnsen gives a detailed account of the motive

(11) J-Olll'lsell, So F., 92.- Cit. pp-5"'17-

power used in scraper operation.

Design of Scrapers:

Continued use and development of scrapers over the
years has tended to develop three standard types. These

are (1) the hoe scraper, (2) the box scraper, and (3) the
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crescent scraper. There are modifications of each of these
types made by adding side plates to the hoe scrapers, adding
teeth to the cutting edges, and by counterweighting to
produce desired balance conditions.

The digzing angle of a scraper is an important con-
sideration in scraper design. This is the angle that the
cutting edge of the scraper blade makes with the muck pile

(12
when the rope 1s under maximum tension. Van Barneveld )

(12) Van Barneveld, Charles Z., Op. cit. p.225.

states that the theoretical maximum digging effect of a
scraper would occur when the plane of the cutting edge lies
in the resultant of the pull and of the force of gravity.
With these theoretical considerations he figures the besgt
digging angle is 30 degrees. However, experience has
shown that digging angles of 45 to 50 degrees will give
better results under all conditions.

To prevent the scraper from digeing in after it is
loaded a forward curvature of the blade, or a baffle plate
fastened to the top of the blade is often provided.

Balance is an important factor governing the digging
and riding characteristics of the scraper. This balance
is obtained by long and heavy bails, and by the application
of counter weights. Scrapers must be rugged in construct-
ion in order to withstand the intense shock and abrasion
they encounter in underground usage. Special alloys of
manganese, chrome, molybdenum and nickel steels commonly are

used in their construction.

www.manaraa.com



(13)

Forrester and Clayton have listed these important

(13) Porrester, J. D. and Clayton, A. B., Op. cit. p.16.

factors of scraper design:
1. Selection of proper type for material to be moved.
a. Hoe type for coarse material.
b. Box or crescent for fine material.
2. Proper digring angle and shape of blade.
a. Average angle near L5 degrees.
b. Top of blade curved forward to provide
lifting action.

3. Proper balance so that the bail will not rise in
the air but still blade has sufficient weight for digging
force.

L. Rugged construction to withstand abrasive action

of ore and sudden shock.

APPARATUS FOR SCRAPER TESTS

BEquipment Used In Tests:

The model scrapers employed in this present study had
besn used previously by other students in earlier model
scraper tests. The three models were constructed to a
scale of 1 to 6 and are 8 inches wide, since the average
mine scraper 1s about 4 feet wide. The screpers used are
shown in Figures 1, 2, and 3.

The scrapers were operated by a three drum hoist

equipped with double faced friction brakes. The drums were
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machined aluminum and were mounted freely on a three-gquarter
inch line shaft set in ball bearing pillar blocks. During
this study a set of brakes was designed and attached to the
hoist mechanism in an effort to prevent cable snarls at the
hoisting drums. IMost cable snarls were caused by the
continued turning of the drums after the scraper motion had
been stopped; this caused the cable to loop out over the
drum and become entwined on the line shaft. The brakes

when engaged kept a slight tension on the drums causing them
to stop turning as soon as the motlion of the scraper stopped.
The brakes worked very well and no cable snarls developed
after they were installed.

The motive power for the hoist was furnished by a
1/L-horsepower, split-phase, electric motor which used 60
cycle A.C., 115 volt current. The motor furnished 1750
R.P.M. A 2-inch pulley on the motor shaft was belted to a
12-inch pulley on a Jack shaft. A three-step cone pulley
on the opposite end of the Jack shaft was belted to an
identical three-step cone reversed on the hoist shaft. Thus
the belt length for each of the three steps was the same.
This combination of pulleys gave a theoretical R.P.M. of
155, 211, 233, 317, 429, 475, or 646, as desired at the
hoist.

The checking of the R.P.M. available at the drum was

done by S. ¥F. Johnsen. (14) He found that the uss of a

(14) Johnsen, S. ¥., Op. cit., p.24.
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Figure 1

Photograph of a Crescent Type Scraper
The digging angle of this screper is 60 degrees

Figure 2

Photograph of a Box Type Scraper
The blade is set at a 30 degree angle to the line of pull

www.maharaa.com
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Figure 3

Photograph of a Slope Bail Hoe Type Scraper
Counterweights on bail and baffle plate
Blade angle is 45 degrees to line of pull

Figure 4

Photograph of
hoist and
recording watt-
meter get up

ol Ll Zyl_i}al

www.manaraa.com




12

tachometer was impractical, so he filed a notch in one of

the clutch plates and by holding a thin plece of wood against
the plate and counting the clicks for a given time the R.P.I.
could be determined. The time interval was clocked by a

stop watech and several R.P.M. checks were made for each
pulley combination used in the scraper tests. The hoist
speeds were found to be 160, 242, and 319 R.P.M. These
speeds were correlated during this study.

The radii of the hoist drums were 1.43 inches; the
hoist cable used was 1/16 inch in diameter. Thus the effect-
ive radius of each drum (from the center of the drum to the
center of the cable) was 1.51 inches. Using this radius the
rope speeds used in the tests were calculated to be 126,

191, and 252 feet per minute. It is likely that these
speeds were lowered slightly by clutch slippage but this
could not be determined accurately and was not considered.

The wire cable used was 1/16 inch ordinary lay, with
gix strands of seven wires each and a cotton cord center.

The cable was rated at 150 pounds tensil strength.

The table upon which the scraper tests were run was
15 feet long and 4 feet wide; it was surfaced with rough
masonite fiborboard. The end of the table opposite the
hoist could be raised or lowered from the horizontal. The
table was provided with side boards and back boards to pre-
vent the rock from spilling during operation. Two 2-inch
sheave wheels, through which the scraper control ropes

passed, were attached to the back board. These sheaves

www.manaraa.com
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were installed during this study replacing sheaves of a
smaller size which had been used in the earlier studies.
This author believes that the larger pulleys reduced rope
wear and possibly reduced power consumption. The smaller
pulleys lacked sufficlent bearing surface and the cable
tended to slip over rather than turn the pulley wheel.

A grizzly was located two feet from the hoist end of
the table. The grizzly was one foot square and equipped
with brass rails set on three inch centers. An inclined
chute below the grizzly directed the materisl down to a
receiving pan placed on the floor.

A Type R Westinghouse recording wattmeter was used to
record the power consumption. It was set up near the hoist
as shown in Figure 4. A wiring diagram of the wattmeter

and motor is shown in Figure 5.

Material Tested:

The two materials used in the scraper tests were of
different specific gravities.

One of the minerals tested was fresh unaltered dolomitic
limestone with a specific gravity of about 2.8. Vhen
crushed, the shape of the particles was splintery to blocky.
The other was a fresh unaltered composition of the manganese
minerals, composed mainly of pyrolusite and manganite; the

specific gravity of these individuel minerals varied from

4.7 to 5.2 with an average for the mixture of about 4.9.

The shape of the particles was generally blocky. The
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Wattmeter

.Ath

Hoist
1 motor

Figure 5
Wiring diegram for hoist-wattmeter setup.
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specific gravity of the minerals was determined with a
standard Jolly balance. Mixed sizes were used in each
study and the materials were screened and classified into
six size groups as follows: minus 3/16 inch, plus 3/16
minus 1/2 inch, plus 1/2minus 1 inch, plus 7 inch minus
1 1/2 inches, plus 1 1/2 minus 2 inches,‘plus 2 minus 6
inches. These sizes are assumed to represent mine run ore

on a1l to 6 scele.

Method of Collecting Data:

A galvanized iron pan 9 by 53 by 53 centimeters in
dimension received the rock scraped as it came from the
chute. The rock was then weighed on an Ohaus balance. The
desired moisture content was obtained by adding sufficient
water to a known amount of dry rock to bring the moisture
content of the muck to the desired percentage. The moisture
content was maintained throughout a given series of tests
by weighing all of the material every two hours and adding
enough water to bring it back to the desired percentage.
This water added compensated for the moisture lost due to
evaporation during the two hour period. The evaporation
loss during a two hour period was very low so by weighing
and bringing the rock to standard that often the material
was in effect kept at the desired moisture content through-
out the series of tests. The moisture content was recorded
as per cent moisture by weight.

The power consumed during a given test was determined

www.manaraa.com
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from the graphs from the wattmeter chart. For this gstudy
it was decided that the most accurate method of determining
power consumption would be to measure the area enclosed by
the curve recorded by the wattmeter; this areas is the true
representation of the power conswned. The most convenient
mnethod available for measuring this area was the planimeter
so this instrument was used. Since the planimeter used
measured area in square inches a conversion factor had to
be determined to convert the area in square inches to s
convenient electricel unit, the vatt-second. The conversion
factor was developed thusly:

Johngen determined the speed of movement of the chart
(15)

paper of the wattmeter to be 2.8, millimeters per second.

(15) Johnsen, S. F., Op. cit., p.29.

This converted to inches would be .112 inches per second, so
on the abscissa the units were .112 inches per second. DBy
measurement it was determined that the units along the
ordinate were 95 watts per inch. If the units along the
ordinate, 95 watts per inch, be divided by the units along
the abscissa, .712 inches per second, the result will be
8,8.2 watt-seconds per inch squared. This faector multiplied
by the square inches read on the planimeter gives a result
in watt-seconds.

To facilitate accuracy each graph was gone over twice
with the planimeter and the result divided by two and

recorded as the true area.
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Figure 6 shows portions of some graphs traced by the

wattmeter during various tests.

DESCRIPTION OF MODEL SCRAPZR TESTS

As previously stated, two materials were used during
the experiments. The dolomitic limestone was crushed and
mixed in the following proportions: Minus 3/16 inch, 50
per cent; plus 3/16 minus 1/2 inch, 25 per cent; plus 1/2
minus 1 inch, 10 per cent; plus 1 inch minus 1 1/2 inches,
10 per cent; plus 1 1/2 minus 2 inches, 3 per cent; plus 2
minus 6 inches, 2 per cent. The manganese was crushed and
mixed in the same proportions and identical tests were run
on each mineral.

The material was placed at the opposite end of the
table from the hoist. Twenty passes of the scraper from
the muck pile to the grizzly constituted one test. Since
the catch pan used, in some instances, would not have held
all the rock, each test was made in two runs, of ten passes.
After each run the material scraped was weighed; the power
consumed had been recorded on a graeph during the operation.
The results of the two runs were added and the total power
consumed was computed later.

The muck pile was set in same position and given the
same shape before each test, (See Figure 7) however, it
was not reshaped between runs. It was noted especially in
the case of the hoe scraper than much of the load was lost

during the first passes due to material rumnning from the
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Wattmeter graphs of model seraper testa.

www.manaraa.com



19

sides of the screper. However, ridges roon built up and if
the scraper was kept between those ridges little rock was
lost. (See Figure 8)

Another very important factor noted during these
operations was the position of the larger lumps of material
in the pile. In the course of scraping a natural segrega-
tion transpired and this was especially obvious in the
heavier manganese ore., The Tine material quickly settled
to the bottom leaving the larger lumps on top. This greatly
impared the digging ability of the scrapers and would impart
important changes in the results if not closely watched.

The material had to be remixed very often. This character-
istic of the manganese ore is in large part responsible for
the greater scraper efficiency at five per cent moisture
content. In the dry state the fine material gathered at the
bottom of the pile almost immediately and packed, forming

a sort of matrix for the larger pieces. This packed fine
material with interbedded holders was very difficult for
the scrapers to dig. However, with the addition of 5

per cent water, due to inherent physical properties of the
manganese, the fine material tended to "fluff up" becoming
loose and less liable to packing. The material in this
condition was at the optimum for scraping, especially with
the crescent and box scrapers.

By the use of two tail ropes the scraper could be
maneuvered into any spot on the table in the vicinity of

the muck pile. However, in order to keep power consumption
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Photograph of muck pile as it was shaped before each test

Figure 8

Photograph of Straight Bail Hoe Type Scraper in action
Note side ridges built up by material flowing around blade

R fyl_llsl
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at a minimum, the scraper was maneuvered as little as
possible during operation, although an effort was made to
scrape as much material as possible each trip.

Two hundred and sixteen tests were run; one hundred
and eight on each material. The rope speeds used were 126,
191, and 252 feet per minute. ZEach of the three scrapers
was tested at four different weights and zero, five and ten
per cent moisture content of the muck. It was decided that
ten per cent moisture was the maximum that need be examined
because this was about all the water the material would
absorb. ZFurther addition of moisture would cause water to
run out on the table and would have little effect on the
results. Also, it might be indicated that in actual mine
scraper operations muck with more than ten per cent moisture
would seldom if ever be encountered.

After the completion of the experiments, an examination
of the results showed that twelve of the dolomitic limestone
and five of the manganese tests appeared to be erratic.
These seventeen tests were rerun and the results obtained
were more satisfactory and therefore these were recorded as
true values.

The results obtained were plotted in two types of
curves. The first type of curve is located by plotting
"watt-seconds per gram scraped" along the ordinate and
nper cent moisturem" along the abscissa. These curves glve
for each scraper weight and rope speed the variation of

power consumed in relation to the moisture added. The
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second type curve is located by plotting the "grams scraped
per gram scraper welght" along the ordinaste and per cent
moisture along the abscissa. These curves give for each
scraper welght and rope speed the variation of efficiency
of the scraper in relation to the moisture added. In
actual scraper operation one of the chief concerns of the
operation is the amount of muck moved. Neither of these
curves indicate such a relationship.

For example a scraper weighing 1,000 grams and scraping
1.5 grams rock per gram scraper weight carries 1,500 grams
of rock per pass. The same type scraper weighing 2,000
grams and scraping the same 1.5 grams rock per gram scraper
weight carries 3,000 grams per pass or twice as much rock
as the lighter scraper. Thus, the heavy scraper could have
considerably less gram welght per gram scraper efficlency
and still move as much rock as the light one. Consequently,
when different scraper weights are used the "grams of rock
scraped per gram scraper weight" cannot be compared dirsctly
to grams of rock scraped per pass. Since the amount of
load carried is an importent factor to consider when judging
overall efficiency of scrapers, the complete results of
these tests are presented in tabular form in the appendix
(See appendix A to I).

Johnsen states that "the addition of moisture to rock

scraped does not increase the efficiency of scrapersn'(Té)

(16) Johnsen, S. F., Op. cit., p.51.
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(17)

Vigier corroborates this statement in his work. However

(17) Vigier, G. J., Op. cit., p.28.

during the present study it has been found that the state-
ment 1s liable to correction. Vigier and Johnsen both

worked with granite, an igneous rock with much dif ferent
physical properties than the materials used in this experiment-
ation. This study has shown that an all covering statement
concerning scraper efficiency in relation to the per cent
molisture content is dangerous 1f not impossible to make.

There are too many other factors involved to make a general
statement taking only the moisture content into consideration.
Tt would also seem that results obtained from onse scraper
type do not necessarily hold for other scraper types. ZPrior
to this work very little study had been made of the effic-
iency of the straight bail hoe scraper with relation to the

(18)

moisture content of the muck. Carmichael ran four

(18) Carmichael, R. L., Op. ¢it., pp.14 and 18.

moigture tests with the straight bail hoe on granite of

(19)

mixed sizes with constant rope speed. Johnsen also

(19) Johnsen, S. F., Op. cit., p.39.

ran four moisture tests with the straight bail hce on
grenite of mixed sizes and with constant rope speed. Their
results were conflicting as to the efficiency obtained.

During this study forty eight moisture tests were made with
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the straight bail hoe. They were run with four different
scraper weights and three different rope speeds; two
different materials were used.

The results of these tests indicates a sharp increase
in efficilency of the straight bail hoe as the moisture
content of the muck is increased from zero to five per cent
and a general but decidedly lesgsser increase as the moisture
content is increased from five to ten per cent. These
increases are obvious not only on the "gram rock scraped
per gram screper welght" graphs, but also on the graphs
depicting "watt second per grum rock scraped". In the
first instance, the gram rock scraped per gram scraper
increases as the moisture content of the muck is increased
and, in the latter case, the watt-seconds per gram rock
scraped decreases as the moisture content is increased.
This result is common to both the dolomitic limestone and
the manganese. (See Graphs 13, 14, 15, 16, 17, and 18.)

Tests with the crescent and box screpers further
overt the hazard of extending results obtained from a
study of one material to include similar studies on all
materials.

The crescent and box scraper tests on the dolomitic lime-
(20) (21)

stone would seem to confirm Johnsen's and Vigier's

(20) Johnsen, S. ¥., Op. ¢it., p.51.

—————

it
(21) Vigier, G. J., Op. cit., p.51.

b ———

conclusions. However, the tests on the manganese definitely

indi cate greaterpefficiency at five per cent moisture
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content. These results will be treated with more thoroughly
in the following discussion in which each scraper is con-

sidered individually.

Crescent Type Scraper Tests:

Considering first the action of the crescent scraper
on the dolomitic limestone the solid lines on Graphs 1, 2,
and 3 indicate that power consumption increases as the
moisture content of the muck increases. Considering that
the muck became "wet" with the addition of only five per
cent moisture and tended to pack, thereby becoming more
difficult to dig, the increasing power consumption seems
logical. This increase is greater for the lighter weight
scrapers than it is for the heavier ones.

The solid lines in Graphs 4, 5, and 6 show that the
load carried by the scrapers decreases as the moisture
content of the muck increases. This drop in efficiency is
more pronounced in the lighter scrapers than it is in the
heavier ones. As the graphs and the tables in the appendi-
ces 1lndicate, the guantity of material scraped at a definite
speed is at a maximum at a given weight, and from the stand-
point of grams of material scraped per pass the heavy
serapers give the most favorable results.

The results obtained from the crescent action on the
manganese ore, however, show an entirely different picture.
The dashed lines in Graphs 1, 2, and 3 indicate that the
power consumption decreases from zero to five per cent

moisture and then increases sharply from five to ten per
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cent moisture. As was mentioned earlier, the reason for
this decrease at five per cent moisture sesms to be that
the muck at this moisture content temds to "fluff up" and
not become stratified and packed as it does at both the
zero and ten per cent moisture contents. It was not
ascertained whether this "fluffing" action was due to
certain physical properties peculiar to the manganese ore,
to surface tension phenomena through which the moigture
was adsorbed, trapping air bubbles at the surface of the
particle instead of belng absorbed, or to other unknown
factors. The fact remains that the material did fluff and
less power was consumed at five per cent moisture than at
zero per cent.

The dashed lines in Graphs 4, 5, and 6 indicate that
the grams scraped per gram scraper weight also increased
from zero to five per cent moigsture. The same fluffing
actlon mentioned above accounts for this.

It will be noted on both the graphs for power consump-
tion and for grams scraped that the efficiency is greatly
reduced as the moisture content goes from five to ten
per cent. This can be explained by the fact that at ten
per cent moisture the muck becomes very muddy and tends to
be sticky. This greatly impares digging action of the
scraper and therefore increases power consumption and de-
creagses grams scraped.

The difference in specific gravity between the limestone
and the manganese seems to have little or no effect on the

results obtaimedwh study of the graphs and of the tables
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in the appendices indicates little variation that could

be considered due to the differences in specific gravity.
The power consumption seems to be a little less for the
limestone when the scrapers were run at 1971 feet per minute
but in general it seems to be physical propsrties rather
than the specific gravity which cause the difference in

results between the two materials.

Box Scraper Tests:

The box scraper is affected by variations in moisture
content in much the same manner as the crescent scraper.
The general results obtained with the crescent scraper were
correlated by the results of the box scraper tests.

For the limestone the solid lines in Graphs 7, &, and
9 indicate that the powsr consumption increases as the
moisture content of the muck increases. The solid lines in
Graphs 10, 11, and 12 show that the grams of rock scraped
per gram scraper welght decreases as the moisture content
increases.

For the manganese the dashed lines in Graphs 7, 8, and
9 indicate that the power consumption decreases sharply as
the moisture content is changed from zero to five per cent
and then increases even more sharply as the moisture content
is increased to ten per cent.

The dashed lines in Graphs 10, 11, and 12 demonstrate
that the grams of rock scraped per gram scraper weight
increases from zero to five per cent moisture and decreases

sharply as the moisture is increased to ten per cent. Ths
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fluffing action of the ore facilitates the increase in
scraping efficiency from zero to five per cent moisture.
There is some difference in scraper efficiency between
the two materials as scraped by the box scraper, however.
Whereas Graphs 7, 8, and 9 indicate that the power consump-
tion at zero moisture content covers about the same ranges
for both the limestone and manganese, Graphs 10, 11, and 12
clearly show that the grams rock scraped per gram scraper
weight is less (for any given scraper weight at any given
rope speed) for the manganese than it is for the limestone.
This further substantiates the theory that all embracing
statements concerning these model scraper tests are liable
to error no matter how closely results seem to check. It
is obvious that these studies are very valuable in develop-
ing certain definite trends common to all scrapers and
scraping problems. However, to use the results of one or
a series of scraper tests to definitely predict the re-
action of scrapers on another untested msterial seems open

to criticism.

Straight Bail Hoe Scraper Tests:

The results of experimentation with this straight bail
hoe scraper shows that it is affected by variations in
moisture in a different menner than are the crescent and
box scrapers. For both materials tested, the efficiency of
the scraper increased as the moisture content of the muck

increased.
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Graphs 13, 14, and 15 show that the power consumption
decreases as the moilsture content of the muck increases.

Graphs 16, 17, and 18 indicate tlat the grams scraped
increase as the moisture content of the muck increases.
Considering the design of the hoe scraper a reason can be
given for this.

The hoe, as can be seen in Figure 3 has no sides,
thus the material dug by the hoe and pushed in front of it
is free to run out around the blade during transportation
from the muck pile to the grizzly. As was stated earlier,
this action tends to build up side ridges during the first
few passes of the scraper. The very building of these
ridges indicates that little of the material dug during the
first few passes actually reaches the grizzly. This is
especielly true with dry ore which tends to run freely once
it is broken away from the muck pile. As the moisture
content is increased the material becomes more adherent and
thus less likely to run out the sides of the scraper. It
wag noted during the experiment that side ridges were not
nearly so important during the moisture tests as they were
when the ore was dry. The first passes with the scraper
carried almost as much muck as the latter passes. It was
also noted that during the moisture tests much material was
actually pushed ahead of the scraper out under the bail;
this occurred even on the first passes. With the dry
material this pushing effect was not accomplished until

considerable side ridges had been built.
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The lack of sides on the hoe facilitates digging action
so that the hoe tends to penetrate into either a wet or a
dry muck pile instead of bouncing over the top as was
characteristic of the crescent and box type scrapers on
compacted material.

There might be some question as to the results obtained
on the manganese ore at five per cent moisture content. It
hag been pointed out that the manganese tends to "fluff up"
instead of becoming sticky at this moisture content. In
light of this foregoing discussion on the hoe scraper one
might expect its efficiency to drop at five per cent
moisture due to the material being lost at the sides. The
only explanation for the converse happening is that the
"fluffed" material was so easy to scrape that the side
ridges were built quickly and in the remaining passes much
material was pushed ahead of the scraper. This ease of
scraping was enough to make up for the fact that the material
did not stick together. '

The difference in specific gravity between the two
materials seemed to have no effect on the efficiency of the
hoe scraper. The power consumption and grems scraped cover

about the same ranges for each material in the dry state.

CONCLUSIONS DRAWN FROM STUDY OF MODEL SCRAPERS

7. Conclusions drawn from the model scraper study of
one material cannot necessarily be generalized to obtain
for all materials. Physical properties inherent to each

material prevent this generalization.
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2. The box scraper shows a definite drop in efficiency
from the limestone (specific gravity 2.8) to the manganese
(specific gravity 4.9).

3. The crescent and hoe scrapers show little or no
change in effeciency when used to move limestone and
mangenese oOrs.

L. The efficiency of the hoe scraper increases as the
moisture content of the muck is increased from zero to ten
per cent.

5. The efficiency of the crescent and box scrapers for
scraping manganese ore is increased as the moisture content
is raised from zero to five per cent. The efficiency of
the sérapers fall sharply as the moisture content is in-

creased from five to ten per cent.

SUMMARY OF SCRAPER TESTS

Three model scrapers were tested to determine the
effect that specific gravity has on the efficiency of the
scrapers, and to decide whether conslusions drawn from the
study of one material could be generalized to obtain for
any kind of material. Materials of two different specific
gravities were examined and the variables considered were
rope speed, scraper weight and moisture content of the
muck.

The model scrapers experimented with were the crescent
scraper, the box scraper, and the straight bail hoe scraper.

They were & inches wide constructed on a scale of 1 to 6.
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The materials used were crushed dolomitic limestone
(Sp. G. 2.8) and manganese ore (Sp. G. 4.9).

It was found that these materials reacted differently
to the different scrapers. ith the limestone, the effic-
iency of the crescent and box scrapers decrsased as the
moisture content ol the muck increased. These findings
were similar to those found in earlier experimentation.
llowever, with the mangenese, the efficiency of the crescent
and box scrapers increcased as the moisture content of the
muck was increased from five to ten per cent. This increase
seemed due to inherent physical properties of the manganese
rather than its higher specific gravity.

The box scraper was the only scraper tested which
showed a definite change in efficiency due to the difference
in specific gravity. The efficiency of the box scraper
decreased in scraping the heavier ore.

It was found that moisture increases the efficiency
of the hoe scraper on both the limestone and manganese.

The power consumption decreases and the grams scraped in-
crease as the moisture content is increased from zero to
ten per cent.

The results of this study indicate that a generaliz-
ation of conclusions drawn from experiments on one material
to include other untested materials is liable to error.

In the opinion of this writer the great value of these
model tests lies in the information they may import to

indicate certain trends of scrapers on which hypotheses
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may be egtablished to be later proved or disproved in actual

practice.

oz AJLb
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APPENDIX A

Rope Speed Tests at 126 FPU

Crescent Typs

Weight Per cent Watt-sec.per Gms.rock per Wt.dry matter

Scraper Moisture gram rock gramn SCraper pPOTr DPaSS.ZlS.
LIMESTONE
1050 0 0.100 2.27 2388
1050 5 0.133 1.69 1775
1050 10 0,221 1.70 1780
1440 0 0.159 2.00 2883
1440 5 0.165 189 2723
1440 10 0.172 1.80 2594
1745 0 0.709 7.92 3356
1745 5 0.127 1456 2726
1745 10 0.139 1e54 2686
1955 0 0.103 175 3418
1955 5 0.132 1.68 3278
1955 10 0.137 155 3018
MANGANESE
1050 0 0.741 2.10 2206
1050 5 0.724 2.13 2241
1050 10 0.151 143 1503
1440 0 0.135 1.68 2430
1440 5 0.089 2.03 2925
1440 10 0.138 Teh2 2046
1745 0 0.729 1.50 2608
1745 5 0.068 1.78 3101
1745 10 0.153 T ekt 2504
1955 0 0.118 T ek3 2802
1955 5 0.083 174 3404
1955 10 0.7143 1.18 2319
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APPENDIX B

Rope Speed Tests at 191 FPU

Crescent Type

Weight Per cent Watt-sec.per Gms.Rock per /t.Dry latter

Scraper lloisture Gram Rock Gram Scraper Per Pass.Gms.
LINESTONE
1050 0 04141 1.98 2077
1050 5 0.156 1..60 1677
1050 10 0.232 Tek7 1546
1440 0 0.125 1.80 2646
1440 5 0.131 1.63 2353
1440 10 0.185 149 2150
1745 0 0.7104 1.60 2788
1745 5 C.149 1.58 2739
1745 10 0.158 7451 2635
1955 0 0.147 1451 2953
1955 5 0.151 T e bl 2808
1955 10 0.150 Te35 2624
MANGANESE

1050 0 0.188 1.90 1995
1050 5 0.105 2.21 2324
1050 10 0.232 1.18 1237
1440 0 0.153 162 2328
1440 5 0.106 1.95 2810
1440 10 0.179 1.37 1988
1745 0 0.139 1.48 2591
1745 5 0.087 1.79 3133
1745 10 0144 1438 2417
1955 0 0.145 Te45 2837
1955 5 0.112 1.58 3098
1955 10 0.147 1.07 2097
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APPENDIX C

Rope Speed Tests at 252 FPUM

Cregcent Type

Welght Per cent Watt-gsec.per Gms .Rock per Wt.Dry Matter

Scraper Moisture Gram Rock Gram Screper Per Pass.Gms.
LIMESTONE
1050 0 0.108 1495 2049
1050 5 0.135 1.82 1909
1050 10 0.217 Te55 1628
1440 0 0.145 1675 2509
1440 5 0.148 1.50 2166
1440 10 0.210 Te54 2245
1745 0] 0.121 1.58 2767
1745 5 Ou141 140 2450
1745 10 0.197 1.28 2253
1955 0 0.143 Tek5 2843
1955 5 0.150 1.36 2649
1955 10 0.156 1.28 2496
MANGANESE

1050 0 0.147 2.00 2097
1050 5 0.104 2.28 2395
1050 10 0.195 1623 1289
1440 0 0.131 Te54 2218
1440 5 0.096 1491 2757
1440 10 0.197 7620 1723
1745 0 0.7143 1.38 2399
1745 5 0.103 1.68 2934
1745 10 0.209 1.06 1845
1955 0 0,135 Te21 2360
1955 5 0.105 1.56 3046
1955 10 0.7145 1.02 1692
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APPENDIX D

Rope Speed Tests at 126 fpm

Box 8

Weight Per Cent Watt-sec.per Gms.Rock per Vt.Dry lMatter

Scrap er loisture Gram Rock Gram Scraper Per Pass.Gms.
LIMESTONE
1140 0 0.7 41 2.05 2337
1140 5 0.161 1.81 2067
1140 10 0.238 1.38 1568
1450 o} 0,700 1.87 2709
1450 5 0.136 1.76 2552
1450 10 0.156 1.66 2407
1825 0 0.084 183 3340
1825 5 0.103 1 .81 3325
1825 10 0.115 171 3120
2050 0 0,087 181 3724
2050 5 0.104 1.78 3650
2050 10 0.709 1.67 3432
MANGANESE
1140 0 0.149 170 1942
1140 5 0.102 2.17 2470
1140 10 0.153 1439 1586
1450 0 0.114 1.66 2,08
1450 5 0.703 2432 3358
1450 10 0.174 1.15 1678
1825 0 0.101 T e45 2649
1825 5 0.093 1.90 3492
1825 10 0.114 1439 2549
2050 0 0.102 Ted3 2931
2050 5 0.085 2.02 4150
2050 10 0.132 1426 2582
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APPENDIX E

Rope Speed Tests at 197 fpm

Box e

Weight Per cent Watt-sec.per Gms .Rock per Wt.Dry Matter

Scraper Moisturs Gram Rock Gram Scraper Per Pass.Gms.
LIMESTONE
1140 0 0.159 2,08 2367
1140 5 0,161 1,80 2055
1140 10 0.255 1429 1410
1450 0 0,126 71.50 2757
1450 5 0.123 1.66 2399
1450 10 0.224 Te55 2258
1825 0] 0.103 1487 3414
1825 5 0.115 1.69 3087
1825 10 0.116 114 3081
2050 0 0101 1.80 3689
2050 5 0a111 1.76 3594
2050 10 0.112 1.75 3582
MANGANESE

1140 0 0.160 1.76 1991
1140 5 0.107 2.28 2600
1140 10 0.197 1624 1417
1450 0 0.161 1452 2109
1450 5 0.107 1693 2797
1450 10 0.263 0.93 1356
1825 0 0.120 Te40 2559
1825 5 0.105 1.89 3430
1825 10 0.170 1.03 1887
2050 0 0.106 1.60 3289
2050 5 0.092 1.82 3727
2050 10 0.197 119 2L43
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APPENDIX F

Rope Speed Tests at 252 fpm

Box e

Weight Per cent Watt-sec.per Gms.Rock per VWit.Dry lMatter

Scraper Moisture Gram Rock Gram Scraper Per Pass.Gms.
LIIVESTONE
1140 0 0,129 Te52 1736
1140 5 0.172 Te48 1693
1140 10 0.238 148 1686
1450 0 0,125 T¢53 2214
1450 5 0.158 Tek2 2060
1450 10 0.165 Teddy 2082
1825 0 06117 1404 2986
1825 5 0.125 1456 2853
1825 10 04149 Tek5 26.5
2050 0 0,708 1.59 3267
2050 5 047119 1e54 3164
2050 10 0131 Tek8 3030
MANGANESE
1140 0 0.187 1 ek2 1617
1140 5 0.117 213 2430
1140 10 0,250 0.75 858
1450 Q 0.171 1.06 1535
1450 5 0.111 1490 2757
1450 10 0.221 14017 1463
1825 0 0.107 T 628 2340
1825 5 0.083 1.98 3610
1825 10 0154 107 1960
2050 0 0.096 1440 2865
2050 5 0.080 192 3948
2050 10 0.191 0.90 1853
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APPENDIX G

Rope Speed Tests at 126 fpm

Stralght Bail Illoe Type

Weight Per cent Jatt-sec.per Gms.Rock Per Wt.Dry Matter

Scraper loisture Gram Rock Gram Scraper Per Pass.Gms.
LIMESTONE
1160 0 06214 126 1458
1160 5 O0.154 178 2066
1160 10 0.127 1.81 2103
1445 0 0.189 1.09 1558
1445 5 0.178 1 o id, 2080
1445 10 04170 148 2134
1650 0 0.212 1,01 1662
1650 5 0.156 Tekb 2395
1650 10 04124 1646 2416
2000 0 0.186 0.89 1782
2000 5 0.155 Te15 2308
2000 10 0.135 1e24 2477
MANGANESE
1160 0 0.173 Te37 1589
1160 5 0.153 171 1981
1160 10 0.134 1.83 2119
1445 0 0.171 1421 1751
1445 5 0.162 127 1833
1445 10 0.134% Tkl 2033
1650 0 0.147 Te34 2214
1650 5 0.740 T oils 2377
1650 10 0.114 Te47 2425
2000 0 0.197 1.00 1996
2000 5 0.7170 1.06 2118
2000 10 0.127 130 2600
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APPENDIX H

Rope Speed Tests at 197 fpm

otraight Bail Hoe Type

Weight Per cent att-sec.per Gms.Rock Per Wt.Dry latter

Scraper  lMoisture Gram Rock Gram Scraper Per Pass.Gms.
LIMESTONE
1160 0 0.302 Te24 1442
1160 5 0.205 167 1932
1160 10 0.150 1.69 1964
1445 0 04230 0.95 1362
1445 5 0.196 Te41 2039
1445 10 0.152 1440 2030
1650 0 0.182 1.03 1695
1650 5 0.158 TeR2 2018
1650 10 0.155 1632 2174
2000 0 0.7198 0.84 1681
2000 5 0.188 T1.15 2294
2000 10 0.185 127 2540
MANGANESE
1160 0 0.204 Te37 1591
1160 5 0.139 Te40 _ 1623
1160 10 04139 1e42 1642
1445 0 0.185 1426 1815
1445 5 0.7148 1.30 1879
1445 10 0.134 Te35 1961
1650 0 0.160 1421 2008
1650 5 0.150 1437 2255
1650 10 0.137 T o by 2379
2000 0 0.218 0.89 1786
2000 5 0.187 0.99 1980
2000 10 0.137 Teldk 2277
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APPENDIX T

Rope Speed Tests at 252 fpm

Straight Bail Hoe Type

Weight Per cent  Watt-sec.per Gms.Rock Per Wt.Dry Matter

Scraper loisture Gram Rock Gram Scraper Per Pass.Gus.
LIMESTONE
1160 0 0.265 1420 1394
1160 5 0.185 159 1854
1160 10 04140 1.65 1914
1445 0 0eR37 0.83 1211
T4k 5 5 0.198 0.95 1378
1445 10 0.154 1,20 1742
1650 0 0.182 0.88 1446
1650 5 0.173 1.29 2128
1650 10 0.162 137 2257
2000 0 0.174 0.91 1922
2000 5 0.167 1.11 2232
2000 10 0.169 117 2336
MANGANESE
1160 0 0174 1632 1534
1160 5 04163 1438 1600
1160 10 0.130 1439 1618
1445 0 0.169 1412 1610
1445 5 0.157 1.18 1700
1445 10 0.135 121 1753
1650 0 0,167 113 1861
1650 5 0.150 121 2001
1650 10 0.135 Te34 2215
2000 0 0.173 1.00 1995
2000 5 0.150 1.08 2161
2000 10 0.135 T.13 2250
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