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FREFACE

This thesis is submitted to the Fagulty of the 3chool of Mines and
Metallwrgy of the University of Misgsouri in partial fulfiliment of the
work required for the degres Yaster of Science in Mining Engineering;

The results herewith reported were obtained by efficiensy studies
of mine sorapers on model seals, DNottomless sorsper types in commen we
in wndsrground mines, ineluding two hoe types, a box type, and a crescent
type, ware tested,

The apparatus was built and the leboratory tests condusted during
the firet half of 1946 in the Wissourd Sehool of Mines mining laborstery,
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INTRODUCTION

The use of power drasm sorapers, often called "slushimg®, for the
moving of ore, store filling, and waste rock has begome standard practice
in rany mining operations, Several types of scrapers have been devaloped
by practical spplication or by trial and error methods, However, a direct
eoaparison of these scraper typea under identisal sonditions has not been
noted in a review of literaturs on the sub jest of meechanical loading,

Uritten inquiries to euthorities on sersping practice hawve brought
replies that mo previous eomparisons of soraper types on & modal soals
have been atteapted, Therefore, the following thesis problem was set up:

Furpose of Froblea

The principal purpose of the thesis study of bottomless ssraper
sooops or buckebs is to determine the comparsble efficieney and applie-
ability of the several types now in use as applisd to different classes
of sarth and roek materials, It is hoped that these tests may fora the
basis for improved serzper derign,

Problem Procedure

The main scraper tyres now in uvse at operating minee are: the hoe
and modifications of itj the boxj; and the crescent, of which the V<type
ig a modificetion, Vodels of these types were comtrwted and tested in
the laborstory under simulated operating sonditions, 4 seale of one to
six was considered an acoertable scale for model building, At this ratio
the volumes of ths full sise and the model serapers have s ratio of 1 to
216, The serapers were tested on a horisontal plane ard also on inolin-
ations sbove and below horisontal.

The scrapers were activated by a small elestrically driven holst. A
spring scale was meed for meamuring the rope torgus applied in drawing
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the scraper. The weight of material moved per a given number of seraper
passes was determined. Each scraper type was tried under the same set
of eonditions. The data thus eollected is tabulated and summarised,

To set up this testing progran the apparatus was first collected or
built, WMo hoist of the appropriste scale was available for purchase,.
One was deaigned and built especially for the problem in the Missowrl
8ghool of Mines shops.

REVIEW ¥ ! TTERATURE

History of Sersping

moﬁr-t-mm”dyo!mwuumm-mnswun
to the moving of mine muek is belisved to be a description of tumneling
at the Bunker Hill and Sullivan Wining Company mins near Xellogg, Idsho
in 1898, U, B, Hough wrote an article, "The Kellogg Tunnel” describing
thig operation and i was published in Mines and Minerals, October, 1501
by Engineering News.

The Kellogg Tunnel operation consisted of & wlip scraper of the
horse-dramn type pulled by a small air holst up a loading ramp to dump
into truck cars, The scraper was pulled back to the muok pile and guided
by hand on the returm trip. Two or three scraper loads filled a car.
Pive men were required for the work; one man at the holdst, one handling
cars, and three men loading and 'andling the gerapsr. The loading rate
varfed from A to 5.5 tons per man hour,

Also in ',n-npamn-uuuuﬂllmnutmmu
the Padger mine in Wisconsin, A smll air holst was used that had

Mines, Coop. work of U,S, mnmziuf Mines and Missouri Sehool of Mines
and Wetellurgy, 1924, pr.

g/ Jackson, Chas, '!‘.; é‘mﬂ seraping Practice in Metal Mines, U.S8.
Buresu of ¥ines Manuseript Report No, 1, March 1933, pp. 8-9.

oLl Z'yl_ilsl
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formerly been applied $0 moving mine timbers.

In the early 19'00'0:/ Je George Leyner of Denver, Colorado, was
voricing on plans for an iuproved type of portable holst that might be
applied to seraping or other wes, Te did not offer tle plans for sale
immediately for lack of marlet, ¥is drawings were filed away and lster
became the basis of the Ingersoll-Rand "Littls Tugger® hoist, wiish was
imtroduced in 1912,

The original "Little Tugger® was a single drum 2} horsepower air
hoist, ITtes uwe for loading with a scraper seant that the scraper was
roved bagk to the face or over the nmok pile by manpower, Such a method
was tiring to the man who dragged the scraper and, therefore, expensive,
The hoist developed a pull of 200 t¢ 1000 pounds and a rope speed of 0
to 90 feet per minwte., The seraper it pulled moved about thres cubie
fest of ruck and sometimes pwshed as much as two additional feet ashead
of the ecraper load, The rate of loading, with frequent change of mem
on the seraper, was 10 to 1i toms per hour and the effective limit was
about 50 feet from the chute,

Lucien Mu’/h 1921 desoribed the above type of seraping as follows;
mmmathuqn-mﬂ-muuum-u, Aftar the
blast, no time is loet in rigging up, and, whan the bulk of the broken ore
has been moved, the edges of the plle and the ore scattered in other parts
of the stope are saslly cleaned up, The disadvantages sre that the
physiesl labor emtailed is hard and only men of strong physique are able
to make & success of 1t, PFurthermore, the loading speed and the effective

§/ Pierce, K. Vs, and Bryan, B. N,; Compressed Alr lagasine, Vol. Ny
Yo, 6, June 1942, pp. 67&0-&-.

§/ Baton, Lucien; Compressed Alir Magasine, Voli 26, Nay 26, 1521, pp,
10065-10075,

ol LElUMN Zyl_i.lbl
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radius are not large."

The first soraper imstalletions in the Lake Superior iron distriest
and the nearby Michigan copper wines were amde in the 1915 to 1917 period
of war demand for metals. These wore followed by soraper triale in the
Tri-State area in 1919. During tl:is period the shortage of nan-power and
rising wages focused ranagerial sttention upon labor-suving MO.I‘( In
the post-war years price reductions for bobh iyon and non-ferrous metal
further stimulated the search for mining cost redustion, Throughout the
yoars 1923 to 1929 the installstion of seraper equipment eomtinued in
large volume, An example of the savings iade is the record of Gogebis
County, Mich., wiere the output of irom ore per mmn day is r-pu-hdytn
have increased from 2,91 tons in 1923 to 5,96 in 19529,

By far the greatest number of machines were installed in the irom
mmnduaupmmumw.mmnmh—,m
psak belng reached In 1929, The economic depression after 1929 affected
the iron industry severely and installations of equipment had dropped, by
1933, to a fraction of the former level. Busimess recovery in 1935 and
1936 egaln increased the sale of seraping equipment. The table Wo. 1, of
oqui prent added to nine plants,direetly reflects the growth of seraping
gractice and also compares it with the use of power shovel loaders during
the same pericd.

7

TABLE NC. I Y

SORAPER LOADERS AND SHOVEL3 ADDED TO BQUIFMENT UNDERGROUND IN
VETAL AND HON-MUETALLIC MINERAL MINES.*

Year Seraper loaders, Hoiste Shovel
ar Complete Unite Loaders
1! 57
13‘3 ﬁ? 12 (oon't)

Jackson, Ohas, ¥.} 0p.cit. wnder footnote 2

Handbook of Seraper king, Sullivan Machinery Company, 1933, p. 9
Plein, L.N., Bergquist, F. E., end Tryon, ¥, 0., Engineering and
Mining Journaly Vol, 138, May 1937, pp. 138-39.

www.manaraa.com



-

TABLE I eontinued

Yoar Seraper lLoaders, Vioiste Shovel

or Complete Units Loaders
1925 373 15
1926 284, 38
1927 4L, 51
1928 363 37
1929 645 58
1930 335 21,
1931 126 - 2
1932 104, 1
1933 62 12
1934 67 25
i :
Total f‘ﬁz W

% Pigures pertain to mines in the mtimul United States, no‘including
those installed by coatrastars on comstrustion projects, Subject to re-
vision,

In non-ferrous metal min.ng, one of the lesding dietricts that uses
serapers has besn the Copper Country of Northern Michigan., Sermpar load-
ing, slong with power drilling, haulage ¢concemtration, and selective
mining, has been one of the min esonomies that have enabled the nines
of this distrist to continue operations st increasing dql.h!(

Seraper loading did not come into full aceepbanes in the Tri-State
lead-=ine mines until as lote as 1936, This situation is wel! deseribed
by Wr, S, 8, Uhll'g/ as follows:

"About 1922, slushing was tried in two o three mines, 4 rather
clumsy two-drum, gear-and-pinion iype holst was used, belt-driven by an
eslsctrie motor. The type blade weed did not have the proper curvature
at the top, and, as a result either buried itself or rede the top of the
muck pile. Several types of loaders that were on the mrket st that time

- nf Fothods 2ad Tractice In the Wohigan Gopped

¥ines, U. 8. ’ Buresu of Yines Pulletin 306,
9/ chﬂ-, 8.8., Engineering & ¥ining Journal, Vol, lil, Novesber 1943,

oLl ‘”LlLI
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and a fow years later were tried, Their failure was dus to several
factors., Pirst, the Tri-State mmupr was an institutions using a
No. 2 scoop, a 60-to 75-ean shoveller was the rule rather than the ex-
ception, - -~ ————

"Late in 1536, a 3-drum slusher was mounted on a portable ramp built
on a car frame. After several months of operation the advantasges of
plusher loading were evident, but the type of ramp was unsatisfactory.

A ramp mounted on a caterpillar was them built, The same general scheme
is now followed, =~ = ~ = - At mresent (1%43) apraximtely 92 per cest
of the holsted tonnuge is loaded by mechanical means”,

During the man-power shortage and incressed demsnd for ~etals of
World War YI, the use of mechenieal loading was again foreeably stimu-
lated, As rentioned above, a large part of the ore mined in the Tri-
State distriet was machine loaded snd the same 13 believed to have been
true in many cther mining distriets,

uatouﬂhamlmmmmmmdm
gontrol for hoist operated undergrownd serapers whigh raised produstion
in one or more cases by 50 per cent, largely because the scraper could
be f11led to capacity on each trip.

The present acceptance of mechanical scraper laading is wrll suma-
rized by the following poi.nuly

1, Secreping eliminmates hand moving or loading of ore and roek,

2. Serapers move chunks too large fr land loading,

Y07 Bditorial, Engineering and Mining Journal, Voluse 145, Jenury IJGk,

p. 70.
Pieres, K, V., and Bryan, E. Ii,, The ining Journal (Londen), Vol.

m, MNo. sm, J“m B, 1%'} . ”"69
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3. Var production required speed and more metal per man shift.

k. Comparatively inexperienced men ean run & scraper,

5« Seraper loading has elim‘nuted part of bloek hcling.

6, Gerapers speed production so that ground need be kept open only
a short time, thus saving tiszber and other suppliss,

7. lorkers are safer by less exposure to falling roek,

8. Seraper setups are flaxible,

9. Ore is loaded directly into cars, skips, or elevatora,

Sperstion Dats on Serapers
Applicability of Serepere
Power serapery are applied to nearly all phases of mining. An oub-
line of these operations ineluded the following:
Clsaning of development workinge
Frodustion fyom stopes
eran sroyos
Room ard pillar stopes (both coal and metal mines)
Cvt and £ill stopes
Sub-lewel caving stopes
Square set stopes
Shrinkage stopes
Top slieing stopes
Blogk caving stopes
Mlery hole stopes
Filling of stope space with waste or tailings
Transfer of mterial along sublevels
Seng iniE loocse mterial in open pits

Reglaiming mterlal frow stoeckplles

www.manaraa.com
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Power Comsumption of Sluwshers

Seraper hoists are now available in sises ranging from 3.5 to 100
horse-power and with "pull” rope speeds as high as 4% feet per mimte
and "tail rope" speeds as high as €00 fest per minute. Compressed air
and electricity are the types of power most commonly wsed,

Oruimllyw direct current electric motors were wed for the
reason that the ocould be cormected to the trolley lings of underground
hanlage systems, As more and more pcrapers were installed separate power
lines were required, It was found more esonomical to vse alternating
cwrent motors, for the line loss on trammission of this type of curremt
is mgh lees than direct curremt, Now 220 and A0 wolt motors are used
on serapers in the United States,

mnflzjwmauweemmm-rum-um
hoiste wed on scraping. For 604,005 tons seraped by sir hoists the
coste were §0.034634 per ton and §0,45866 per howr sompared with 91,12}
tons scraped by slectric hoiste ot costs of $0,004165 per ton end §0,057229
par hour, mmr-tmwmuutmmnmkta?ﬂm
greater for air than for electris hoists.

Jukloﬂ‘u/ reports that actual retered tests in seraping seversl
thousands of tons of ore show an slectric power consumption of as low ae

Jacknon, Chass F., w.

Matson, Robert C., Seraping Practice in the lMichigan Iron Vines of
the Lake Superior Distriet, Michigan College of Mining and Teschnology
Bulletin 4, Vol. 2, 1929, ‘5! PP

Jackson, Chas, '-, op e LS
‘m' Chas. Fu, .

Ol LEN Zyl_i.lbl
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0,065 kilowstt hours per ton with short drage and favorable conditions,
Under usual conditions the power requiremsnt is below 0.5 kilowatt<hour
rer ton of ore sereped, The ~wximum power corsumption reported by any
operator was 2,0 kilqntt hours per ten.

The wattmeter graph (Fig. 1) shows the distribution of power re-
quirements per cyele in seraping, It is noted that the peak load cocours
when the scraper is digging into the mwk pils, The drag from the pile
tc the shute shows a rether comtant power load and the return of the
anpty soraper requires the minimum power load,

loist Serapw Asseablies

Although originally there was little speeialisation in scrapesrs, to-
day the wide range in size for serapere and scraper hoists permits choos-
ing the hoist and soraper for the work to be done, large holst-rasgp
sssanbliey pounted on track vheels are vsed for stope and tunmel wmuciking,
A new developwent 1p the mounting of a hoist and seraper raap on cater-
pillar treads, FPortable hoist-seraper out fits are oarrisd up into seb~
levels and stope floore to facilitate mmldng into chutes er spreading
of £i11,

The soraper rampe are corstructed to form an apron; with eide guides,
aloping downward toward the muwk pile from above the car or hopper imto
whish the scraper dumps. The hoist and draw eabls are arranged in such »
mnnar that the loaded soraper is dramm up this incline to the dunping
point, The tall rope from the hoist goes to a sheave blogk fastensd in
the dreast of the drift or stope snd then back to the stern of the scraper.

Por wide stopss where a lateral movesert of the scraper in desired a
three drum holst is uwsed with two of the drums seccupied by two separate
tail ropes, T™wo or more tail rops sheave blocks anshored at effective

www.manaraa.com



TYPICAL SUB-LEVEL 'RON ORE SLUSHING CYCLE (SEVERE SERVICE)

USING 36" SCRAPER 70'HAU L
ROPE SPEED 2Q0 PER MINUTE=- RETURN 210'PER MINUTE

MOTOR G%HP 260 VOLT D.C., IOMINUTE INTERVAL

— 1000 WATTS

ORE

A

\ €
VSCRAPING
]

GRAPHIC WATTMETER CHART

(AFTER ROBERT € MATSON,

Figure No. I Graphic Watimeter Chart
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pointe in the stops walls permit moving the scraper to almost sny spot

in the stope, Soms setups provide for moving the seraper around a 90
degree corner, By multiple sheave arrangements alrmost an infinite variety
of scraper sstups is possible, Tngerscll-Rand Company, Sullivan Machinery
Company, and Gardney Denver Company publish illustrated eatalogs showing
many of these arrangerenta.

The use of portable scrarer hoists that mey be hooked on the com-
yressed air line has done amay with hand mueking in stopes to a great
extent, mmﬂm‘#/dnanmmiudmlm'm
value of & 250 pound doubls drum hoist and & 26 ineh quarter box seraper
weighing 235 pounds in the mragraphs delow,

"In genersl, a hoist-seraper arrangement of the sise under diseussion
will move from 12 to 17 tons an hour over a distence of 50 feet and from
8 to 10 tons s hour over distances ranging from 05 to 100 fest, Tis
hourly sapacity iz equivelent, roughly, to the tonnage & man will lmd
end tramsport by wheelbarrow in a ghift, ———

"As sn exampls of what can be accomplished with a emall hoist wsing
glr at from 75 to 80 pounds pressure, the following is citeds an average
of 55 seconds is required for one round trip of the seraper on a 65- to
70-foot pullj that is, to deliver 600 pounds of ore (the equivalent of

more than a wheslbarrow load) to the chute.”

In all these dsscriptions of seraper hookups very littls epsce is
fiven to commaring the effect of different types of scrapsrs, The nain
diseussion 1s centered around the horsepower and velocity requiremsuats
for the hoisting whish applied to the scrapers,

3 Pi.m, !0 '-, and ﬁ.ﬂ, EQ 'o] m‘.’“ I:I.J.‘Wolg ﬂ.
E Wo. 3, March 1943, pp. 6971-7.

ERE fyl_llsl
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The bast sommarative data on serapar types that ware found in & 7o

view of scraper studies io the table by Jackson (Tabls Fo. 2).

Table 2
Data on typical sersper imatalistions

Holst Petalls of Sorspar
Trpe of ore Tipa Hope Trim Hlaw, ipFmarl = e dpproximte Scraping Hacarics
Spead, i, suighl, ‘e load, suble distanns,
!Ih.o fﬂ‘- .r-t
1, Soft irom ore b 125 Bex " L <] i, seximwm  Lewvel pull, te slids
i 1Ak SAFN.
2 Do . 15 10 Do, PRION sas L3-8 5, maximmm  Level pull to raises.
25, average
9. Bokh eof%t amd 15 180 Soa) beeld ad TS0 13 T8, saximum Do,
hard irom ore, cne edge,
18p okhese
wiita.
hl Eﬂﬁ- Airon ore 1’ m h ﬁ “ra 1] IEIII'* AR Eam s
.’t Bo. 1’ 200 Do. H [ X J-.'I.I T!' ! s Lavel P'-Lu Lo allids
into gara
6. 3ot and hard 15 X0 Hog (%] o 13 80, maximus Leval pull to raises,
irn ore.
7. Saft iron ore. 15 200 - 280 Do, ¥ ] L 13 T8, mxisus Level pull to ralsesn,
L0 wus per kour,
A, Da. 15 80 Som!hoe A2 o 1k T4, saximms Loval pull te raimes.
q. B, ik 2LH-280 S (¥ e ia A0 e 1%0 Laval pull to raises.
and veximus loading rate,
» &0 btons per Bour, °

10, Nard and et 15 S0—2M0 Hom A s ) 135, mxinus iull omm 30 te 33
lron ore) some alopa.
shumka, ’

11, Boft irom ore. 1% 200 P Al ] 13 75, saxises ravel pull to raises.

u-‘p m:. H m h‘l " LN ] 1' lﬂ'. -ﬂ_

12. Bard iron orep 25 0 Ban (4] 1,504 1 S0 ve 10 O=ro-grade pull to
brasks in large it an.
blisakn.

13, Fard, atmmigr 2 730 S 5y 5 we i 50 to 150 2% tone e Hour sucking
roek ar soft twmal sud fnta Large
iron ors. cArs

19-a. 3oft iron 15 0 Do, b i 7 %, SaXisum taval pull to ralsss
ake,

e n"I.. ﬂ h.- ’ i ? 15’ LRXLCUE H‘-
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Hoist Details of serapers

Type of ore Hp. Rope Sine, Appraisste Approximate Jeraplng Aamarks

apesd, Type {ri. eight, Lbe. load, subic distanos,
f.p.m. feat fast

15, Large blocks 25 200 h.s, Are-back hos, e 2,040 2,000 400, maocimum Pulling down 207 dip %o
cf aine ore, " 175, average chutes, 50 tons per man—
dolamite ' shift including opera=-
ganFue. tore, halpers, and repaic-

L1 HY

15, ladium coarse 10 200 Box L esnne 12 300, saxismmm Full down elopea up to
zine ore in 75, average 40°, %o ohutes.
doLamitic
gangin,

16, Ton-ae copper 15 2700 Fatent ed hE T 13 200, mximum [svel pull to chutesj 40
g i loid, amihoe, tona per hour,

17, Coarse and 35 vas Hoe hB 1,500C 13 150, maximum 100 tons per shift loading
tine; copper- (air) cars on lmvel, Muwch time
bearing con- loet changing care.
.’;lﬂ:’:ﬂrate. o )

18, Copper moypda- 25 230 Po. LA essde 113 120, mxlrus Fulling down 35 slops to
13id; coarse ghutas.
and fine =k,

19, Priable, sltered 25 230 Do, I cessno 18 1004 Loading in drifte and
pory Ty, crogscut®; 3L Lonm par

& hour ,

20, Very hard ore 60 Hioe, are back Al 2,00 10,000 150, maxisum Lo ding from scraper
breasks in drifts ovar 3é«inch gris-
large, angnlar glies; 50C tonm in & hours
blockm; =p.i. avarags msriccmmnce,

B

21, Hard, silicecus 15 240 Samd hoe 10 450 00 200, saximam 10 tons per hour with 200-
ores fine, stieky footr pull, drageging into
ERLE TS , rejsee.

22, Aard, sillcecus 15 230 Do. &0 £50 ¥T00 100, meximum 70 tone per snift, 1L man
orey flat mlsbe, loading inho care over o
ehimis and finas alide,

22-n, Do 15 230 Do, 40 65D 700 75, maximum 35 tone per shift, 1 man

in mwsc

22-b, Sand 15 230 Bo, 0 650 #5400 75, maxismum 63 tone per shift, 1 man

. spresding fill,

23. Iron ore break- 55  130-150 Box, with 48 3,100 %6 4 500 200, maxismm Avsrage 300 tona per B-
ing in large toeth, hour ahift, loading into
slabs, cars,

2h. Ward, blocky, 25 200 Hoe A8 1,450 #2, 240 330, maximum 27,3 tns per mn-shift
symetias lron 180, average  scraping into cara.
ore.

25, Large, haavy 150 150 Do N 3,800 7 5 600 100, maximus {mn transfer lsv¥sl average
asnjgular blocke, return actial 75, average $6 tons per hour. Actual

170 pull ore load time operating 0%,

* Pound'o
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Costs Compared for Serapers, Mucking Machines, and Hand Loading

In the Tri-State lead-zine distriet of United States, where hand load-
ing has persisted umtil only reeently, a comparison of loading costs shows
the following: in 1942 sixty per cemt of the total tonmage was mechanical-
1y loaded 2t a cost of $0.26 per ton and hand shovelling cost $0,39 per
ton, Mr. S. S. Clnrk-]z/ glves a break-down of mechanisal loading that
conpares serapers with shovel loaders:

Mechanical Loading Ferformance
Capacity of Slusher loaders

Trpe of Conveyance Daily Average Day! 'J:;h Runa
Loading into cans 158 166
Loading into 1~} ton cars 116 172
Loading into trueks U2 269
Slugher-lLoadsr Operation Costs

Type Mine Sheet Ground L Sheet, Ground L ¥ Bed
Labor $0.156 $0.097 $0.217
Repairs and Supplies 0,065 0.060 0,092
Power 0,014 0.026 0,015
Casualty Insursnce  _0,001 0,001 0,002

Total per ton  $0.236 $0.184 $0.326

Ar-Shovel Opsrating Costs
Ving B-1 B-2 B2
Labor $0.17¢ $0.19¢ §0,250
Repairs and Supplies 0,026 0.011 0.029
Power 0,019 0,014 0.024
Casualty Insuranes _0,001 0,001 02006
Total Cost per $0.224 $0.22, $0.309

ton
LR 3T
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*The sctual cost of slusher hoist repair parte only, is $0.004 per
ore ton. Sersper blades will handle 5,500 tons before baing scrapped.
Serapers are rebuilt about every 25,000 tons and the ramps are lined

apmroximately every 50,000 tons,®

Comparison between Seraping and Chute and Griszly Ore Transfer

Coutll-g'/ compared for a scraper system and a chute and griszly system
at the Climax Molybdenum Mine, Climaw, Colorado, show the we of scrapers
4o have a definite advantage. These costs give the ratios quoted in the

following table:
Costs Ratios Between Slushers and Chute-Oriszly Ore Transfer

Operation Ratdio of
Slusher Chute and
System Gringly System

Investaent Costa

Devaloprent, drifting and reising 100 163
Chute, grizzly and slwsher installations 100 224y
Conereting 100 67
Stoping 100 108
total 100 120
Operating Costs

Handling 100 132
Repair 7
Jotal ﬁ: BATS

Total cost ratio 100 1s

&/ Werderson, Bobert, K. L.U.E., Vining Teshnology, T.F. 1715, Uay 19k,

ERE fyl_llsl

www.manaraa.com




-14-

Another example where the imstallation of sl.whing has reduced load-
ing costs over hand mining is a deseription of bauxite mining in Arimnsas
by Mr. Julian Pu]loru/ » A three drum 30 lorsepower hoist is mounted on
two serarate trucks to accomodate very sharp curves in the mine, This
hoist pulles a 4 yard cresecent scraper up a light weight steel ramp to dump
directly into ore cans on trucks beneath the ramp.

"Over a four-month pericd the scraper has cut the cost per ton by 40
per cent compared to present hand mucking, At the present time (1944) 55
per cent of the ore is being mined with this machine and the ecompany is
congidering the installation of another,”
Sumpary Disgweion of Cperation

In summary of scraper operation for moving mine rock it may de
suggested that scraper loading is more economical than either hand loadimg
or many inatances of gravity loeding. Mr, Lucien hsoln/ listed the
following points a quarter eantwry ago and they still are applicable:

8 shovell

1. Orester capacity

2, Lower oost

3. Less manual labor, permitting use of less powerful men.

4 or ar_shoy
1, Lower first cost.
2. Lower maintenance charges

3. GCreater mobility and flexibility
shovelling and loading

1, Cost of equipment
2, Imposeibility of sorting

9. Interruption of drilling operations

~Julian L., Vining Congress Jowrnal, Jan., 10k5, PP» 309
Baton, ‘Lucden, Comp. Air Mag., Vol. 26, No. 5, pp. 10045-10075
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Deslgn of Scrapers

Types

As before not.ud, the original secrapers applied to mining were of the
horse drawn slip seraper type borrowed from surface sarthwork., As late
as 1’?21y the slip scrapers were considered applicable to ore slushing,
as FSaton classified serapers as in two divisions: "1) Those in which the
mterial is carried in and on a scraper, and 2) those in which the mbterial
is dragged along the floor of a drift or stope in front of the scraper, as
dirt is moved with a hoe, Serapers in the second class can dbe further
divided as (A) those without eides and (B) thome with sides”,

At present three main types of seorapers in the hoe class are in use,
namely: the hoe, the box, and the erescent. There are a number of modifi-
cations of each type such as aide plates for the hos serapers, teeth added
to the cutting edge, arnd counterweights to roduce the desired balance,

The slip serapers are now little used for several reasons, namely;
they require a man to guide and f11) them, they do not dusp automatically,
and the bottom plate 1is subject to rapld wear,

Sizse and Yeight

Serapers vary in sise and capacity from "junior" models weighing 200
1bs. with & 2 cubie yard load to "masmoth® 11,000 1b,, 15 cubic yard buckets
used in surface pits, The tebles 3A, 3B, and 3C list comparative sises,
woights, and capacities for the three main acraper types,

Table 34 Hoe Type Serapers

Table 3B Box Type Serapers

Table 3¢ Crescent Type Sermpers

F7 akon, Toclen, o5, S, Tostnote .

ol L) fyl_llsl
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TABLIE A =-- HOCR TYFE SCRAPER DIKENSTONS

ROLCOMB "WESTZECO® SCRAPERS
(By permission of M.D. Holeomb)

Class AA Single Hock
Capgoity  Meight  Tidth  Depth  Length  Pull Reg'd, Back Wts,
2 eu, ft, 269 1b, 26" a2n WT® 450 lbs. None
Class A Type 0, Open Hoe Shart Harness

5 cu, ft. A61 » 2 52 1000 1ba. 164 1bs.,
é 502 36 2k 52 1100 16k
7 5k5 36 253 52 1200 164
e 543 42 2 52 1300 164
9 670 L2 254 52 1400 164
10 é6e 12 2k 52 1500 164
n 775 A8 253 52 1600 164
12 7% L8 1) 52 1700 164
Clase A Type 1, Open Hoe Long Harnsss
7 494 a6 130 o
8 535 36 2 60 L0 164
9 578 36 25% 60 1500 164
10 576 42 2% 60 1600 164
1 622 h2 »F 6 1700 164
12 620 48 2l 60 1800 164
13 5k L8 254 60 1900 164
1A 28 L8 27 60 2000 164
15 851 5, 258 6o 2100 164
16 ns 54 27 60 2200 164,

www.manaraa.com
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TABTE A — HCE TY'E SCRAPER DIKENSIONS (eontt)

Class C Type 5, Open Hoe long Harness
Capacity  Weight  7Tidth  Depth  Lemgth  Pull Req'd, Back Wts,

15 925 1b Lan 3an 72" 2500 1be, a:t 1;;
17 925 he 32 72 2700 218
19 1008 L8 332 72 2800 218
17 1626 48 32 72 3600 a8
19 1709 Le 3% 72 3800 e
21 1206 54 32 72 3100 as
2 1269 5k 394 72 3200 28
25 1210 60 32 72 3400 ae
27 1389 60 334 72 3600 218
29 1357 66 32 72 3800 a2
32 1436 66 333 72 4000 a8
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TABLE B ~—e FULL BOX TYFE SCRAPER DIMENSIONS

ROLCOMB "WESTEECO®™ SCRAPERS
(by permission of M. D, Haleomb)

Class A Type 3AA; Short Rarneas 32" Side Plates
Capaclty [Nelght Midth Depth Lemgth  Pull Beg'd.  Bask Ms.

10 eu.ft. 707 Ib 36 24" 52" 1650 164 1lbs.

(set 2)
n 750 3% 25} 52 1750 164
12 753 h2 2l 52 1850 164
13 798 h2 254 ’2 1950 164
1 801 he 2 52 2050 164,
15 851 L8 25} 52 2% 164
18 890 he 27 52 2250 164

Class A Type AB, Long Harmess 40" Side Plates
18 o) 36 2 60 2400 164
16 e 36 254 60 2500 164
17 781 A2 2 60 2600 164,
18 826 A2 254 60 270 164
19 829 A8 2 60 2800 164
2 a9 he 254 60 2900 164
21 918 L8 7 60 3000 164
22 oLb 5., 25% 60 00 164
23 1010 5, 27 60 3200 16
Class C Tyre 6k, long Warness 50" Side Plates
23 1357 48 32 72 3500 a u;;
25 00 Lhe 333 T2 3700

29 1670 54 32 T2 4100 a8
32 1733 Sh 33} 72 4300 218
35 1695 60 32 72 700 s
60 334 72 K800 218
1734 66 32 72 5200 a8
13 L0 66 3% 72 5500 218
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TABLE C =~ CRESCENT TYPE SCRAPER DIMENSICNG

SAUERMAN BROTHERS SCRAPERS
(By permiseion of Saverman Brothers, Ingc.)

Lightweight Crescemt

Capecity ZIype width  Depth  Length  Neight Cable
fou. yd. 1 36 in, 1514n, 32} 4n, 190 lbe  3/B"
1/ 1 42 3/h 171 373/ 220 1/2
Jou. yd. 1 K73/ 193/b h21/h 260 1/2
3/hou 4 1 534 213/b A91/2 320 5/¢
lew, yd. 1 604 21/h 52 580 5/8
B ou. yd. 1 674 Zl 59 865 3/L
2 cu, ydo 2 72 3% 3h 1536 145 3/
2% ou, yd. 2 7% 3/ 38 a1 2000 7/8
3 cu. yd. 2 81 3/ WO 1/2 87 2300 7/8
ke, yd, 2 9N 1/k hS 95 2800 1
5 eu, yd. 2 99 L7 1/2 1034 3850 11/8
Heavyweight Crescent
1/3 e, yd. 2 A234 191/ W34 290 1/2
1/2 cu, yd. 2 L9 20 1/ k4 3/h L0O 1/2
3/h cu. yd. 2 511/ 8 513/ 6O 5/8
lou ydo 2 611/2 31 1% 591/hb 1000 3/h
B, . 2 69 1/4 283/4 671/2 1200 3N
2e,yd 3 n 3% 75 250 7/¢
24 ou. yd» 3 631/h 381/2 793/L B0 /8
Jev. ¢, 3 813/ LD1/2 e 14  30%0 1
houw yd, 3 91 1/h A51/2 92 3/h 3250 11/8
5en, yd. 3 ui /A 48 1/2 101 3/k

57 1/2 106 1/2
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TABLE C ~— CRESCENT TYFE SCRAPER DIMENSTOKS (continued)

Capsgity  Iype  Mldth  Depth  Length  Yeight ~  ZIcad Cable

8 ou. yd. 3 127 al 1174
10 ou, yd&. 3 1374 4a 1254
12 en. yd. 3 1291 ba 129
1y cus yd, 3 139 75 3/ 1324
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Digeging Angle and 3hape of Seraper Blades

The angle made by the blade of the seraper with the surface of the
pile when the pull rope is under maximum tension is known as the digging
angle, Van Bamvaldw explains that the theoretical maximum digging
effect should oecur when the plane of the seraper edge and blade lies
along the resultant of the rope pull and the foree of gravity, The force
applied to the pull rope varies as the scraper strikes obstructions im
its moverent toward the unloading point. Therefore, the resultant of
rope pull and gravity will change,

By actual up-riomva/ seraper blade angles between 30° and 60° are
found most satisfactory, An angle of L5° will most successfully meet a
variety of eonditions,

A low digging angle has been found more suocessful with box-type
sorapers than for the hoe and rake types, Some bex serapers have two or
more sets of bolt holes for varying the scraping angle of the blade,

Where a scraper is wed in soft ore with no floor, a provision is
needed to keep the blade from digging itself in to such a depth thet the
hoist can not pull it. A foreword cwvature at the top of the blade cr &
baffle plate fastensd to the top of the blade prevent digging in too deep,
(Ses Pigure VII) When the scraper is filled to camcity the lifting actien
agninet the baffle plate rrevents further digging., In late models of hoe
type serapsrs the upper part of the blade is curved over toward the bail,
In the orescent type scrapers an upper section of the scoop ie sloped
toward the front to provide the same lifting action.

Line of pull
The position of the line of pull for scrapers depends upon what

an Berneveld, Charles, E., op.Cit.
Jaclmon, Charles F., op, cit.
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performance is desired. For hoe type serapers a number of holes apaced
vertically in the end of the ball allow a change of angle at which the
sornper blade functions. For hoe type sorapers with the bail sloped
downward toward the front, like a question mark lying on its side, the
line of pull may be very little above the digging edge of the scraper,

Serapers with a low line of pull are lilmly to ride over large pieces
without moving them, Therefore, in coarse material a higher position is
desirable for engrging the chunks,

Balanse of Serapers

The proportions and balance of sorapers are of considerable importance.
The abllity of a scraper to malntain ite load, to ride the swrface of the
mterial, and to travel in a straight path both loaded and empty depends
upon yroper balance and construotion,

Generally speaking, the field of application of the hoe-type scraper
is in ewarse chunky meterial on short hauls, In coarse mterial the box
and erescent types do not fill readily becawe the slde plates ride up
over the chunkas, In fine material the hoe loses part of its load by side
casting from the blade, However, if the hoe worls in a self-wade trench
this diffieulty is overcoms.

Crescent and box scrapers hold loads of fine mterial quite well over
long hauls,

In general, the height of the scraper st the blade should be sbowt
half the outting edge length, and the bail should be one and one hslf times
the cutting edge length,

For hos and box scrapers (formed by adding side plstos to hoe serapers)
the bail should be long and leavy enough so that it will rest on the ground
wor is not under tensiom from the pull rope, If the back
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overbalances tre bail the cutting edge of the scrapsr will not ride at the
desired angle and the bail may Jam into overhead tisbers or the back,
Counterweights are provided for custom made scrapers to supply the proper
balanee and digging weight. These are fastened at the foreward end of
the bail or, in the case of drging weights, to the upper back side of
the serapey blads.

The forward shoulders of the scraper ball ghould be rounded so that
corners will not becoms fouled against timbers or cther obstructions along
the side of the seraper's path,

Scraper bails that are curved downward toward the foreward end help
toc maintain a econstant digging angle and thus prevent the scraper from
losing its load. This type bail has a disadvantage in coarse lumpy ma-
terial in that it rides up on lumps and reduces digging efficlency. Once
the lumps are ingide the bail, however, the bail helps to confine the load
in the sorapsr,

Scraper Teeth

Testh are added to crescent type scrapers to aid in digging compacted
mterials, In addition to aiding in digging, the teeth add extre weight
and provide renewable ecutting surface for the scraper lip,

Por ore that bresks in large flat pleces a toothed hoe scraper is
advantageous. lowaver, for average mine muck a straight edge s more satin-
factory than one with auxillary testh,

Many hoe and box scrapers are now supplisd with remewable plain cutting
edges that bolt to the blade. For fine mterial or where a suooth floor is
provided for a scraping surface & plain cutting edge is most degirabls for

A seraper,
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Corstruetion of Serapers

The most modern factory made scrapers of hoe and box types are made
of cast steel with all perts bolted together and made with replaceabls
parts.

Many mining companies prefer to make their own scrapers in their
company shops, These shop mude scrapers may be riveted, bblted, or welded
together. Modern welding methods have faeilitated the welded type of
sernper eonstruction.

Creescent ecrapers are welded and riweted together, At present there
is only one manufacturer of erescent type serapers,

The cutting edges of scraper blades are usually made of especially
hardened steel. JHven with this provision for wear the blade must be re-
newed frequently. Some operators prefer to weld stellite on the wearing
edge of the seraper blades,

The scrapers of any type should be made with rugged construction,
suitable for rough usage. Ths points of maximum wear are the front and
bottom of the ball, the bends in the bail, the corners of the blade, and
the upper back corners of the blade., These pointe may well be doubly re-
inforeed,

Recapitulation of Seraper Design

Prom the foregeing discuselon, the importsnt points on sersper desizn
are belleved to be’

1. Selection of proper type for msterisl to be moved,

a. Hoe typs for coarse mterial
b. Box or erescent, for fine msterial.
2. Proper digging angle and shape of blade.

a. Average angle mear A5 degrees
de cwved forward to rovide lifting action.
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3. Proper balance so that the bail will not rise in the alr but

still blade has s'fficient weight for digging force,

he Rugged construetion to withstand.

&, Abrasive action of ore.
b, Swdden shock,
Description of Preparation of Apparatus for Seraper Tesis

In the preparation of model scrapesr equipment for test purposes,
first of all, the scale was established at one to six, The average mine
serapey is about four feet wide -ﬁ-thor hoe, box, or crescamt., Therefore,
eight inches was believed a proper seraping width for the models and four
types were proportioned from this width (See Pige. II, III, IV, and V).
Data for seraper designs were secwaed from a review of literature on
scraping prectice and by writing to many large operating companies and
soraper manufacturers,

A model seraper of eight inches width was estimated from date on full
siged scrapers to require a maxisum pull of 40 to 50 pounds when loading.
At the rate of 50 pounds on a speed of 100 feet per mimute, 5000 foot
pounds wuld be required, Dividing 5000 foot pounds by 33,000 indlecates a
requiressnt of 0,15 horsepowsr. A quarter horsepower, split phase, eloctrie
motor for 60 cyole AC 115 wolt current was used and is considered suitable
to furnish the motive power for the seraper models.

A three drum hoist with donble faced friction clutches was deal imed
and built, (See Figure VI). The drume were twrned from aluminum blocim
snd mounted on a three-quarter insh line shaft set in ball bewring pillow
blocks. The drive from the 1750 RPM motor was belted to a tLwelve inch
rulley on a Jack shaft. A three step come pulley om the other end of the
jack shaft was belted to a similar pulley on the hoist drum shaft. This
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FIGURE II

Photograph of Hoe Type Straight
Bail Scraper.

This eight-inch model has the blade bolted
at a 45 degree direction to the line of
pull.
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FIGURE III

Photograph of Hoe Type Slope
Ball Scrsper,

This eight-inch model hes a blade sdjustable
to 30, 45, or 6C degrees to the line of
pull.

29—
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FIGURE IV

Photograph of Box Type Ccraper,

This eight-inch model has the blade bolted
at L5 degrees to the line of pull. The
blade msy also be =set gt 30 degrees.

-30-
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FIGURE V

Photograph of Crescent Type Scraper.

This model Sauermen or crescent scraper 1s
elght inches wide across the front points.

-31-
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FIGURE VI

Photograph of Electric Holst
Assembly Used to Pull Model Scrapers.
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ecombination of pulleys and belts reduces the speed of the motor to 155,
21, 293, 317, 429, 475, and G46 RAM at the hoist drum (see Appendix E,
Part 3.). The diameter of the centers of the first lap of 1/16th inch
cabls om the drum is three inches, The rops speeds available therefore,
on the first lap of the drm are rear 122, 166, 183, 249, 337, 373, and
507 feet per minute, Clutch slippage will probably reduse this rope
epeed to some extemt., Time tests takem on & tem foot seraping length in-
dicate a twenty foot round trip in twelve ssconds or near to 100 fest par
minute,

A wire cable, rated at 150 pounds pull, one sixteenth of an inch in
d meteor and made up of five strande of seven wires each and a cotten
cord center war pecured to draw the serapers, A half ineh cable is
_nlr used on fowr foot mine serapers.

Tn order to nsasmure the rope torque wsed in pulling the marapers a
spring ecsle was fitted with a ball bearing pullsy three inches in dia-
moter, It is fastensd (see Fig, VI) in the rear of the hoist so thet the
drow eabls passes from the hoist drur to the pulley und baak benesth the
drom to the seraper bail, A 50 pound scals was used. The pu'l reglstered
by the scale is twies the astal m1l becmmse of the two eadbles acting on
it; the one from the holst and tie one from the seraper.

The table upon which the soraper tests were run was surfaged with
rough Vasonite fiber board to give a niform ocosfficienet of friction.
This coefficlent was determined st 0.5 by dragging & tweaty pound weight
acrces the table top with a spring scals, The table is arrenged eo Lhat
the 2nd away from the holst may be inclined sbove or belew horizental if
0 depired, The table is 15 feet long and five feet wide., Two feet {rom

the end of the table next to the hoist mounting is an opeming one foot

ol LElUMN Zyl_i.lbl
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square equipped with a three inch grimsly of brass rails, Below the
grissly is an inclined slide to dirset the scraped material from below
the grissly into a reseiving pan, Sheave wheel supports are mounted at
the opposite end of the long table from the hoist,

Four tvpes of roe:, Ineluding granite, dolomits, sphalerite-fluorite
ore, and barite were selected for test purposes, The granite tested is
unaltered and was freshly crushed, splintery, and therefore, shresive and
hard to serspe. The dolomite is partly weathered and soft enough to
erunlfe to finer particles by repeated handling. The sphalerite-fluorite
ore containe quarts and sme small flakes of shaly wall rock, This ore
closely apiroached heavy sulphide ore common in meny mines, The barite
ore is nearly pure barite, The smaller pleces were round bt in larger
pleces the barite was somewhat tabular,

BEach type of roek was clagwified into six sime ranges as follows
minug 3/16 inch, minus 1/2 plus 3/16, minus 1 plus 1/2, minus 1 1/2 plus 1,
minus 2 plus 1 1/2, and plus 2 to 6 ineh, These sizes on model scale are
supposed to represent sises of six times grester dlameter for full scale
goraping.

The specific gravity of each of the four types of material used was
measured by weighing a nuwber of two inch pieces in air and then immersing
tham in water in s liter gradunte to find their combined volume, The
figures thus obtained are: for granite, 2,72; for sphalerite-fluorite,
3.14; for barite, 3.80; and for dolomite, 2,50, All rock was used in a
dry state so that no correction need be made for moisture content.

To faellitate ealoulstion of weight and volume relations for the
seraper models, the sorapsrs, ecourterweights, and mterial 2oved were
weighed in grems and measured in cuble cemtimeters,
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The theoretical volume of material moved by each scraper was esta-—
blished by filling the sorsper with minus 3/16 inch sand and then dragging
it three feet along the flat table top to dump into the grissly and chute.
The sand passed to a pan balow the ehite was then messured with a 1000 o,
glass measuring graduate. This process was repested three times to give
an average theoretical wlume per serapsr rass (see record in Appendix E,
Part I).

To neasure the weight and volume of the erushed roek and sand soraped
through the griszly, two galvanised sheet iron pans were used that messure
9 by 33 by 33 oentineters inside, The average depth of material 4n the
pan was measured by first leveling off the top of the pile in the pan them
taking edght messurements down from the tep of the pan around the sides of
the pan, The average of the eight messurements was subtracted from nine,
The pans and contained muck were weighed with an Ohaus 20 kilogras balance
soale,

DESCRIPTION OF MODEL SCRAPER TESTS

In eonducting tests on model sorapers it was considered best to run
the simplest ones first to discover basis principles inwolved in seraping.
Thersfore, seraping was started with a level uniform surface, uedng ma-
terial of known sise and specifie gravity., The scraper was pulled over
the muek le to the chute and back over the muk pile in as nearly a
straight line as it wonld follow, 7The trips or passes were counted by a
peg board (see Pigure VI). After 20 rmsses the msterial rum through the
chute to a metal pan wrs measured for volume and weight. On scme tests
the pan filled several times during the 20 passes, and 1t was necessary to
etop and weigh the panfull before eontinuing.

After completing soms ninety tests with straight line seraping en

fo additional tests were ™in on mixed ore smimes with
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two tail ropes (See Appendices A, B, C, and D). This triple drum hoist
opsration provided for spotting the seraper at any point where a maimum
load might be taken. For large rieces of rock the hoe soraper (plus
added eounterweighte) functioned very well with three drum manipulation
but with straight line scraping it either lodged beshind pisces too heavy
for the hoist to pull or else climbed over the pile, taking no load.

Soraper tests were compared on slopeé above and below horigontal
using sphalerite-fluorite ore of mixed simes, The relative pull required
per average load is best described by table Fo, 4.

TABLE N0, &
SLOPE SCRAPTNG TRIALS ON SPHALERITE AND FLUORITE CRE OF MIXED SIZES

e s eSO o R Bt S s

Downgrade
10 30° 930 1361

45°  @15gr. 1980gr 18l4gr750g 1950grlslier

60° €15 14,10 181 75 149 1361
Level

30° %0 1360 1214

L5° @5 2800 2774 750 1755 1814

é0° 718 1810 22648
b

30° 815 2600 3629 940 1030 272

g 815 1880 3629 750 2020 3629 715 1300 3629

815 1050 181

As the size of particles is increased the welight of the scraper must
al#o be inecreased to give it digging power, Pine material flows before
the scraper by a process of individual pmrtieles being lifted and them
fallipg forward, As larger and larger pleces are dealt with individual
particles more and more tend to remain ot their original level and move
by rolling, in place of baing lifted, This rolling motion allows the
seraper blade $#0 pass over the uniform cvarse rarticles more easily than

ol LElUMN Zyl_i.lbl
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unifora finer particles and therefore, more weight is required te force
the blade beneath them,

For all the serapers a baffle plate (see diagram figure VII) at the
upper edge of the blade was found helpful, This foreward curving plate
mrevents the blade from eontinuing to dig into a soft mwk pile, where
there is no floor, after the seraper is full, and thus burying itself,

By adding welght gradually to the model scrapers it was learned that
there is a maximum efficiency for the seraper on a given size of roek, By
adding =more weight the efficiemney of the soraper, per foot pound of work
expended on it, begins to decline. In all ths secraper tests the rope pull,
after the seraper is loaded and out of the musck pile, depends mainly upon
the weight of the scraper and its load rather than the type of seraper,
This observation of a maximum point for a given rock size leads to the
belisf that the graphie diagram (Fimmre VIII) illustreted the weight re-
lation picture for hoe type scrapers, |

Large pleces of ore embedded in fine mmk are much more easily ascraped
than all large pieces of one size, The fine material wedges the larger
pieces in plage to revent their rolling and at the same time riovides a
lubrigation for a sliding action of the large pieces. The large pieces,
on the other hand, by their ridgity and greater mass force themsalves down
inte the fine meterial and lift it to where the scraper blade will catch
it. In this respect the large pieces act as teeth might if fastened to
the scraper edge.

If the scraper is so light that the larger pieces lift it and escape
by rolling under it then the fine material escapes entirely, for the blade
edge does not come low enough to toueh it.

The hos types of scrapers lose part of their load on the firsh several
ps from the muck pile by its pouring out the sides to leave two ridges,

oLl Z'yl_ilsl
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WEIGHT EFFICIENCY DIAGRAM
FOR HOE SCRAPERS

POWER UNIT

\\\\\\\ CURVES OF
TONNAGE

EFFICIENGY,

\\\\\\E\‘ EACH FOR ONE

RGCK SIZE
TONNAGE DELIVERY PER

ROCK SIZE

ST RAPER WEIGHT

Flgure VIII - Welght afficlenay dlsgrsm for hose
sorapers,
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one on either side of the scraper path. After several passes along the
same path these ridges (eoe Figures IX and X) build up to such a height
that they serve as supports to hold the load in the scraper on latar
paszes, In soms cases the soraper may push a quantity of ore ahead of
ita full load if confined in such a trench.

The effect of varying rope speed on seraping was not thoroughly in-
vestigated., From a fow experimental trials it appears that high speed
is not effective for loading the scraper, The peak load of any seraping
cycle is at the instamt of diggivg into the muek pile (see Figure I).
Speed would serve to incresse this power demand, However, after the load
is settled in the scraper and broken ot of the musk pile, the efficiency
of reduwsing the trip tim to the chute and back to the plle is wvery
obvious.

The shape of roek particles boim soraped has an influence on the
efficiency of & seraper. Of the four {ypes of rock used in these trials
the granite mroved d@ifficult to serape in the half inch to inch sises and
the barite in the two inch mizes, The granite grains wers flat and
splintery in the sizes mentioned while the octher rock particles wore
romnded., The barite in the larger sizes was platy, |

Por applicability the hoe scrapers show e wider range than the box
or crescemt serapers. The hoe with sloped ball does god work from fine
material u.p to moderately coarse rock, In larger pieces the sloped bail
rides up on chunks of roek and lifte the blade to whers it will not load.

The resapitulation table Mo, 5 of maximum seraper efficiencies ob-
tained by the laboratory tests gives an idea of the applicabllity as well
as individual performace of each poraper tested.
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FIGURE IX

Photograph of Hoe Scraper and
Load.

This strelght b&ll hoe 1s moving barite

ore of minus two inch plus one inch size.

41—
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FIGURE X

Photograph of Slope Baill Hoe
Scraper and loead.

The barite ore being scraped i1s of minus
half ineh plus three slixteenths inch size.

-4 2-
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TABLE 5
RECAPUTULATION OF SCRAPER TESTS ON SIZED MATERIALS

Figures given represent maximum efficiency ratios
of weight of scoraper to average scraper load in 20

trips,
terial Sime Sera 8 (Two drum operation
RPN =3 - v gy e on
Barite 3/16m 3.0 1,56 v .
Dolomite 3/16 3.39 1,15 2,22 2,20
Granite 3/16 1.90 1,39 0,91 0,61
ZnS-CalPs 3/16 ﬂ‘ﬁ %% 6 g,-_igo
Averages 3:01 1:70 2:16 2:66
Barite 3/16-3" 1.21 1,00 1,88 2,50
Dolomite " 1027 00” 0.82 Ol'm
Granite " 0.78 0.63 <l>.61 c1>.61
ZnS-Cal "
S = B~ S - - 8
Averages 1,12 0.88 1.42 Lobds
Barite $=1" low 0.30 0.86 057
Dolomite non low 0.30 0.56 0,56
Oranite non 0.30 0.52 3.79 g.n
ZnS-Cal LI 0,
Averages O. 0.51 0.69 0.65
Barite 1-2" none 0.52 0,20
Dolomite non none 0.39 o1l
Granite nn 0.09 0.40 g.}o
ZnS-Caf LI none
Averages 0.02 0,42 (-7
Barite 2-8v 0.62 (Three drum operation)
Dolomite 2-8¢ 0.45
Granite H” gokg
7ZnS-CalP 2-8n
2 potal =%
Average 0.64

Sphalerite-F worite Ors Mixed in Teighed propertions as follow:
2$":.8, -2/14" 3%, 134 5%, -14he10F, -343/16": 25%, and -3/16" 55%.
Thres Drum Opsration

B g leamhs g

www.manaraa.com

ol L) EJLIH



Y.

HOE TYPE SCRAPERS

Both the slope bail and straight bail hoe serapers were built with
adjustable blades (see Pigures TT and IIT) so that they could be tested
at 30, 45, and 60 degree angles with the line of pull ar the floor of the
stops.

The hoe type scrapers were tested first to cheek the most effective
dgging angle. At 0 degrees the scraper demanded a higher pull from the
hoist than at L5 degrees. The muok was pushed forward without much
tendency to slide up the blade to fill the seraper., At 30 degrees the
scraper has an inelination to dig too deep in the mwek pile. After the
30 degree gcraper is filled and out of the muck pile on a level floor it
pﬂlnnohnrdnrthmsumnmrnththocm load, The re-
corded rope pulls (see Appendix) illustrate this point,

For both the slope and straight bail hoe serapers the most effective
angle 1s 45 degrees inelination of the blade to the line of pull, The
slope bail scraper is the steadier of the tw typss by reason that its
line of pull is lower and more mearly et the level of the soraper owtting
sdpe,

The effsct of varying the weight of the serapers by bolting ecounter-
weights at the heel of the blade and at the front of the ball was tried.
These tests show that .for both scraper types the bail weight must slightly
overbalance the heel weight, Since the bail weight has a longer lever arm
from the fulerum at the blade edge, less actual welght is reguired on the
bail than on the blade, The weight on the blade applies the digging power
of the scraper to the muek pile and the bail weiglt holds the blade at as
near a steady angle as possible,

For the hoe type scrapers a minimum weight beyond that for structural
dlity is most efficient for fine material, For progressively larger

Ol LEN Zyl_i.lbl
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STRAIGHT BAIL HOE SCRAPER
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Graph .o, 1 « Straight bell hoe, soraping aphalerite-

fluorite ore of mixed slzes,
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GRAPH NO. 2
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Graph Jo., 3 - 8lcope ball hoe soraper, soraping sphalerite-
fluorite ore of wmixed slites,

www.manaraa.com




-400

-300

-200

-100

MASS PER CENT PRODUCT

-500

GRAPH NO. 4

\\SLOPE BAIL HOE

-t000
-1500
2000

2500

-43-

GRAMS SCRAPER WEIGHT

Graph Ho, 4 « Slope ball hoe, ore masse-goraper welght

effiolency.

www.manaraa.com



=49

rook zises more weight must be added to the agrgper, but beyond a certain
maxinun woight the tonnage efficisncy of the sorsper begins to decline,
Grapha 1 and 3 show that although the volumetriec effiefensy incressed by
adding welght, st the same time the ratio of ore weight moved to moraper
weight decreases, The power required to pull a loaded sersper depands
direstly upon the weight of the aerarer plus ite lcad, therefors, it is
desirables to keep the scraper weight ae low as posaible. Graphs 2 and 4
show the combined effect of weight and volume of sre moved platted against
aotual welght of a fixed sizme of soraper. These graphs alsc show the drop

in officienoy with added welght,

BOX TYFE SCRAPER TESTS

The box type scraper works best on relatively fine material, BHow-
ever, it is mot as efficient as the crescent scraper on the same material,
Blade angles of 45 and 30 degress were tried., At 30 degrees the box mowved
more muck per pasa than for the same scraper weight at L5 degraes,

For the same muk material usad for trials with the hoe and oreacent
type sorapers the maximum sfficiency for the box model was less than for
sither the hos or cressent at the same weight, In comtrast with the
graphs of the hoe types the weight efficiency graph (mee Graph 6} shows
an ineresse of efficiency with contim;ad insreass 1in weight,

The position of counterwsights for the box scraper, similarly to the
hoe type, is of importanoce. If too much weight 1s placed on the forward
and of the soraper it will drag so heavily that thes blade will 1ift casily
whenever it strikes an cbstruction and mpill ite load. If the back of the
box is too heavy the blade will tip baskwards until almest parallel with
the direction of the pull while the frent Xicks up in the aiw,

The side plates of the box help confine the load when scraping fine
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GRAPH NO.6 /
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Graph No, 6 - Box scraper, ore mass-scraper weight
affieiency.
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material, In material where pieces are large enough to roll, individual
grains will roll along under the edge of the side plates and vibrate the
whole scraper. The vibration is enough to allow the scraper load to sift
under the blade and escape behind,

CRESCENT SCRAPER TYPE TRIALS

The crescent model seraper exhiblited the best ability to move fine
material of any of the types tried. It loses very little of its laad
between the musk pile and shute (ees Figure XI) and it rides very evenly,
The lack of variable digging angle of the crescent is made up for some-
vhat by the crowding and seooping action it produces, The elde points
push the musk toward the osnter and the rear angle lifts jt to £ill the
scraper, fWhere there is a variation in sise of roek in the muwk pile the
erescent scoops up the loocse coarss nisces off the top of the pile first,
On the next trip over the sume path it digs up the finer muck,

The crescent has the same 4ifficulty as the box scraper for holding
8 load in uniform moderately coarse materieal, Rolling particlea under the
ocrescent points shake out the load, Thie difficulty may be partly over-
come by adding weight to the sorsper.

For the model tests counterweights were bolted above the points (see
Tigure X) and above the heel of the crescent, The weights bolted above
the points were most effective for increasing the seraper's loading ability
{aee Graph 8). Unless the weight above the points were counterbalanced by
soms heel weight, evertually added weight makes the forward part of the
scraper topheavy. The topheavy scraper catﬁhn its poirts in the muok when
loading and tips tor-rird #0 thet the rear end stands in the air, The heavy-
weight Sauerman scraperas have weight added to them by fastening it around

the outside angle of the blade like a belt on a fat man, thus giving them
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FIGURE XI

Photograph of Crescent Scraper.

The scraper i1s moving barite ore of
minus helf inch plus three sixteenths
inch size,
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& low center of gravity.
Similarly to the hoe scrapers the volumetric efficiency of the

erescent increases by adding weight and the ratlo of rock weight moved
por unit weight scrapers decreases (see Graph 7). However, the overall
result (Graph 8) of adding weight to the erescent soraper is an increase

in efficiency.

Conelusions Drawn From Study of Seale Model Serapers
1, The pull required to draw a loaded scraper depsnds directly on the

weight of the seraper plus ite load and upon the digging angle of the
scraper hlade.

2, The efficiency of & given scraper is at a maximum at a definite weight
of scraper for any one type and sise of material. Either too little or too
mich weight will reduce this efficiency ratio of mterial delivered per
power units required.

3. Serapers must be properly balanced to give maximum efficiency, Either
too mueh weight on the bail or too mueh weight on the heel of the blade
will reduees riding ability and delivery.

L. For roving finely divided material the scrapers tested rank in the
following order:; crescemt, slope bail hoe, straight bail hoe, and box.

5« Yor intermediste rock siges the scrapers! efficiencies rank in the
following order: slope ball hoe, straight ball hoe, orescent, and box.

6, Por very coarse mterial the straight bail hoe is the only seraper
applicable,

7. A baffle plaste at the top of the secraper blade helps prevent the
scraper from comtinuing to dig after it ham a full load.
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SUMMARY OF SCRAPER TESTS

Four bottomless types of mine serapers (straight bail hoe, alope
ball hoe, box, and erescent) were tested as laboratory models to compare
their efficieney for moving ore from a muck pile to & chute, The scale
used for the models was one to six, and eight inches is the width that
was given to all four serapers.

The sorepers were put through a series of trials on four different
kinds of rock, namely; barite, granite, sphalsrite-fluorite ore, and
dolomite. The rock in each ¢lass was siged in six different dianmeters,
renging from 3/16 inech to 2 inches. Ninety tMals were run on the sised
material with the scrapers activated by two ropes. Porty-five more tests
were run on sphalerite-fluorite ci'o of mixed sizes, with the serapers
activated by a pull Tope and two tail ropes.

For a level floor and 100 feet per minute rope speed it was deter-
mined that the orescent scraper is most effective in moving fine material,
The slope bail hoe gives good results on fine to moderately coarse mterial.
The straigiht bail hoe has the widest reange of applicability, It is moder-
ately good in fine and medium sized rock and it is the only seraper applic-
able to very coarse material, The box scraper is applicable to fine ma-
terial but is not as sffective as efther the crescent or slope bail hoe,

For all scrapers it was learned that there is a weight where the
scraper reaches ite maximum effectivness in a given rock sise.

By using counterweights on the model scrapers it was indicated that
the bail must slightly overbalance the rear of the scraper to give good
results.

A baffle plate or forward surve at the top of a scraper blade pre-
vents it from continuing to diq after the scraper is loaded,
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The present study of scrapers on modsl sesle has shown that much more
useful information my be obtained by continued research with models, Very
little has been written on the mb ject of sise proportions of run-of-mine
ores. If a study of the sverage ore sise distribution for any one mine or
eny given number of mines were made, then model scraper tests could be run
to show the type, sise, and welght seraper most applicable to this average
ore, Also from this study 1t might be determined that a given mine oper-
ation could save on powder cost® by breaking ore sizes only fine encugh
for good sorsper loading and not finer than necessary, It may be cheaper
to grind the ore at the mill than to pulverise it with explosiwe.
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APPENDIX E PART I
SCRAFER DATA SHEST

MAXIMUM CAPACITY OF SCRAPERS (Measured with -3/16" dry dolomite)

Crescent Type 8 inches wide 60° = 2600 ce.
Koe Type 8 inches wide = Stral ght Bail
Angle Blade 309 - 1700 ce.
Angle blade 45 - 2330 cc.
Angles blade 60° - 2000 ec,
Hoe Type 8 inches wide - Slope Bail
Angls blade 30: - 1000 ece. (@scoop action)
Angle blade 45, - 1025 ce.
Angle blade 0 - 1200 co.
Box Type 8 inches wide -
ingle blade 30° - 1700 ee,
Angle blade 45° - 1650 ee,

(A11 measured on level floor)
WEIGHT OF SCRAPERS

Box Type (with chain) « 940 grams (no ‘counterweights)
Crescent Typs (chain) = 715 grams " "
Hoe Type (with chain) = 815 grome " " straight
Hos Type (with chain) - 750 grams " " slope
COUNTERYEICHTS

Bail weirht for hoe type 70 grame (with screws)

" n ] n n 110 !m n ]

(] ] . " n ﬂo m ] n

grams (with screws)

Back weight for hoe or box 222
n " " » n ft m m n n

" ] L] w [ ) ‘” grans n ]
L] .} L] n non ’m grams ] n

(Above back welghts also front weights for crescent)

Front counterweight eross brace for crescent 545 grams (with screws)

Back ecounterweight for crescent 295 grams

PANS FOR ROCK MEASUREVENT (Galvanised Pans)
37¢5

Pan Fl Weight 3800 grame- 53 x 53 x 9 em., (wol, 25, 281 ce.)
area bottom 2809 sq, em,

Fan #2 Weight 9720 grams- dimensions same as 1,
3490
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750
1159
1541
1785

Box Seraper
Welight
940
1169
14,91
1779

2001
2996

Crescent Soraper

Teight
TS
1260
2489
1555
1701
2006
2250

Gr,/0r. Ser. x % Cap.
144.8
116.5
90.7
9.2
63,2

Gr, /or. Ser. x £ Cap,

192.0
160.5
140,2

168.0 (ore pushed)

or./or. Ser. x % Cap.

53.9
112.1

or./or. Big. x % Cap.

T
20,3
82.2
92,
111,0
104,

oO0owWm

67~

x Or, /ee, Ore
4120
2450

1360
1860

1355

x Gr,/ cc. Ore
4010
3660
3170
3620

x Or./ce. Ore
1165
2602
2900
296.0
LL50
4750

x Gr,/ec, Ore

1770
1768
1758
1890
230
2575
2370
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APPENDIX E PART III

ULATION COF 8 FROM PULLEY RATIOS
Motor s

Dy = 2,125 inches Pulley #1 (on motor)

D, = 11.75 inches  Pulley #2 (on jack shaft)

5’ = 3.75, 2.8125, and 1,875 Pulley #3 (on jJack shaft)
Dh z 3.8125, 2.8125, and 1.875 Pulley #4 (on hoist axel)

Velooity ratios from formila VR = D D
y ratios f x Dé'
VB, = H = 11,25 H%-, - 155,5 RPU
VB = 1; x 6125 | 8,29 %?3— = 211.1 RPM
Ry e __%__311” 2 2:81 = 7.5 },Ig - m.'s RPX
L 1;. - 22_812 . 5.52 %1;% = 317.0 RPY
Wy = : : : = 4,08 Eg = 428,9 RPM
By = I8 = L - 3,48 %zg ® 75,5 RPU
w, = LI x L = 2 IR - asqen
Winding drum 3 inches in diameter h-&—‘?&f ft. in circunference
0. %7 o

Combinntion F1 is ©,7854k x 155.5 » 122.0 ft. per minuwte rope speed
/67

Combination #2 * " ox2Allelb6 0 " " u n
157

Combimation #3 " n x233.3z183 ¢ " . n "

7 5%

Combination #4 " " x 917.0 = 249 " ] " " "
BAS

Combination #5 * " x 428,993 n 9w m " "
357/

Combination #6 " " x 475.5 =373 ¢ n " » "
i

Combination #7 * " x 645.7 = 507 " " " "

oLl Z'yl_ilsl
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