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DITRODUCTION

Since scrapers were first employed in underground mining work,
numerous changes in scraper d;sign have transpired until now there
are several common types of scrapers in use in mines over the world,
These proved models of scrapers have been developed over & period
of mora than fifty years,

Although specific scrapers have been tested to determine the
amount of power ccmszmgl, no literature could be found concerning the
relative power consumption of the different types of scrapers when

operated under identical conditions,

Purpose of Problem

. The purpose of this study is to determine the relative effic-
iency of different types of mine scrapers with regard to power con~
sumption, Because rope speed and scraper welghte are important fac-
tors affecting power consumption, these two factors were considered
in eonjunction with the different kinds of scrapers in thie study;
molsture tests were also conducted, Rock of mixed size grades was

used in all tests,

Problem Procedure

Four types of scrapers were tested, These were: The straight
bail hoe scraperj the slope ball hoe seraper; the box scraperj and
the crescent scraper, The four scrapers tested were available in
the mining laboratory as they had been used in prevlamr studies of

model acrap‘rs.(]‘ and 2) All the model scrapers were constructed

(1) Forrester, J, D,, and Clayton, A, B,, A Study of Mine Scraper
Buckets and thelr Efficiency, Missouri School of Mines and
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Metallurgy, Technical Bulletin Vol, 17 No, 2, 1946, 48 pages,

(2) Forrester, J, D,, and Carmichael, R, C,, The Effects of Rope
Speed and Moisture on the Use of Serapers in Mining, Missouri
School of Mines and Metallurgy, Technical Bullstin Vol, 18, No,
1, 1947, 31 pages,

at a scale of 1 to 6,

A small electrically-driven holst and a table on which to run
the tests were also available from previous work, A Westinghouse
recording wattmeter was connected with the electric motur to record
the power consumed,

For each test a given number of passes was made at the rock in
the muck pile on the table, The rock scraped was weighed, and the
amount of power consumed was determined from the graph traced by the
wattmeter, The results and conclusions of the tests were establish-

ed from a study of these figures,

REVIEW OF LITERATURE

History of Scraping

The first successful application of power scraping in moving
mine muck is belleved toc have taken place at the Bunker Hill and Sul-

livan Mining Company mine near Kellogg, Idsho in 1898, 3)

(3) Van Barneveld, Charles E,, Mechanical Underground Loading in
»
Metal Mines, Coop, work of U, 5, Bureau of Mines and Missouri
Schocl of Mines and Metallurgy, 1924, pp. 210 and 211,

The development and history of mine scrapers since that time has

been described by Forrester and Claytom, (%)
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(k) porrester, J, D., and Clayton, A, B,, A Study of Mine Seraper
Buckets and their Efficiency, Missouri School of Mines and Met-
allurgy, Technical Bulletin Vol, 17, No, 2, 1946, pp. 1=k,

Scraper Operation Data

Applicability of Scrapers
Serapers are now used in practically all types of mining work,
The choice of mucking equipment depends on many factors and the de~
eision as to use of serapers or ancther type of mechanical loader
should be arrived at only after a careful and complete study of these
factors, Each mucking or transportation problem will present unigue
features which must be considered when selecting the most efficient
type of equipment, These features may include (1) lowering of de-
velopment costs, (2) inereased production from working faces, (3)
reducing hasards of mucking, (4) availability of a certain type of
machinery, (5) amount of ore or waste to be moved, (6) the type of
power available, and (7) the mining method employed,
The extensive field of scraper operations as applied to mining
may be outlined as follows:
Development work
Inclined shafts
Drifts and cross-cuts
Production stopes
Top slicing stopes
Open stopes
Room and pillar stopes
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Sub-level caving stopes
Cut-and-fill stopes
Glory-hole or mill-hole stopes
Sqguare-set stopes
Shrinkage stopes
Bleck caving stopes
Waste filling of stopes
Transfer of material in sub-levels
Moving of material in open pits
Reclaiming tailing piles
Placer mining
If scrapers are chosen in preference to mechanical shovels,
another choice must be made soncerning the type of seraper, its dige
ging angle, scraper weights, and various other factors affecting ef-
fiolent scraper operation, According to Jackson (5) the prineipal

(5) Jackson, Chas, F,, Underground Scraping Praciice in Metal Mines,
U, 8, Bureau of Mines Manuseript Report No, 1, March 1933, pp.
11.12,

econsiderations affecting the choice of seraping equipment sulted to
local conditions are (1) charaseter of the material teo be handled,
{2) method of digging, whether from the face ¢ the pile or across
the pile, (3) tonnage of materisl and rate of handling desired, (4)
length of drag, (5) purpose for which the scraper is to be employed
uid method of dispesal of the material handled, (6) inclination and
nature of the floor over which the seraper will operate, and (7)
size and shape of area and total tomnags to be handled from a single
| setup of the heist,
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Table 1, modified from one compiled by Jackson,(6) lists data

(6> JaCkson’ Chas. F Ibid’ ¥. 37-

Ty L

concerning typleal scraper installations, This table illustrates the
relationship between horsepower of hoists, sise and weight of scrapers,
rope speed, approximate capacity of scraper, scraping distance, and

type of ore to be seraped,

Motive Power
Air Hoists ~e In many of the earlier scraper installations air-
driven holsts were used, and are still preferred by some mine opera-

tors, !htpen ™ reports that the first types of air holsts smployed

(@) Matson, R, C,, Seraping Practice in the Michigan Iron Mines of
the Lake Superior District, Michigan College of Mining and Tech-
nology, Bulletim 4, Vol, 2, 1929, p, &&.

used 225 C,F M, of air at 80 lbs, pressure, and were rated at 6 horse-~
power, These earlier air motors were the piston type; later beth

piston and turbine type motors came to be employed in air hoists, The
twbine motor is usually faster but is more apt to Ireeze, While this
difficulty is overcome in the pisten types by use of a larger exhaust,

more alr is used, Matson (&) reports that the upkeep of both types

(8) Matson, R, C., Ibid, p, A5.

of machines i about $5 per month,

Larger capacity scrapers necessitated the development of larger
afr hoists, and today 25 horsepower alr hoists are available with
rope speeds up to 250 feet per minute, Data on typical air hoists
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Teble ls Beta on typical seraper instaellations
Holst Size Approxes Scraping
Type of ore Hps Rope speed Type in load dista
Lepamie inches cubic feet foet
1. Soft irom ore 125 Box £0 12 50, max.
Z2e Soft irom ore 15 iso Box 4348 S=18 75, mAax.
3s Soft end hard
iran ore 15 180 Hoe 48 13 75, mBXe
4, Boft irvem ore 15 225 Box 34 i0 100, max.
Ss¢ Soft irom ore 15 200 Box 42-48 1318 75, maxe
6s Soft and hard
iron ore 15 200 Hoe 48 13 80, mexe
Te Soft irom ore 15 240-280 Hoe 48 13 75, maxe
8+ Soft irom ore 15 240 Semihoe 42 14 75, maxe
9¢ Soft irom ore 15-25 240.280 Box 48 18 60 to 150
104 Hard and soft
irom ore; some
chunks 15 240-280 Hoe 42 9 125, nax.
1l¢ Soft irom ore 15 200 Box 42 13 78, maxs
li~ae Sof't irom ore 25 280 Box 48 18 150, maxe
12, Ilarge blocks
herd irem ore 25 230 Hoe 48 14 50 %o 100
13, Hard chuanky
rock or sof%
iron ore 28 230 Semihoe 54 18 80 to 100
13=8. Soft irom
ore 15 200 Semihoe 30 7 75, maxs
13~be BSoft iren
ore 10 200 Semihos 30 7 75, maxe
14, large blocks
zinc cre, dolow
mite gengue 25 200 hess Aro=back 175, BVZe
144 les. oo 72 2000 1bse. 400, max.
15, Uedium coarse
zine ore in do- 75 avge
lomite genpgue 10 200 Box 40 12 300 maxe
164 OCoarse copper
amygdaloid - 15 200«400 Patented
k semihoe 48 13 200 max,
17+ Course and fine
copper~bearing &5 - ‘
congicmergte (air)  w=e=  Ioe 48 13 150 mex.
18, Copper amygda=
loid; coanse .
and fine mmek 28 230 Hoe 486 13 120 max,
19« Frisble, ale
tered porghyry 28 230 Hoe 43 18 100
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Table 1 {cont)e Date on typical soraper instellations

Hoist Bize Approxe Soeraping
Type of ore Hpe Rope speed Type in load diste
Lopeie inches ocubie feet feet
20, Very hard ore
breaks in largs
angular blocks Aro=back
8Ds fep 460 60 e hoe G0 10,000 1lbss 150 maxe
21. Hard, siliceous
ores £m" ’
stieky gangue 18 240 Semihoe 40 700 1bse 200 max.
22y Hard, silicecus
ore; flat slabs 18 230 Semihoe 40 700 lbse 100 maxe
chumks and fines
22-a4 Hard, sili=-
ceous ore; flat
slabs, chunks
acd fines 15 230 Semihoe 40 700 lbse 705 maxXe
22+be Send 15 230 Semihoe £0 400 1bse 76,8
2%e Iran ore breake :
ing in large Box with
slabse 55 130-130 teath 48 6,500 1bse 200 max.
24. Bard, blocky,
magnetie irom 180 avee
ore 26 200 Hoe 48 2,340 lbs. 350 maxe

35' wg" h“'vy
angular bloeks 150 170 pull

190 return Hoe 04 7,800 Ibss 75 avge
sotual ore 100 msx.
load

ol Lal Zyl_i.LI
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showing the relationship between rope speed, weight, rope cepacity,
and variocus dimensions are given in table 2,

Although the trend in recent years has been toward eleciric
hoists, particularly in metal mines, there are advantages which ac-
erue to the use of both types, Those advantages eredited to air
hoists, although relatively minor, are listed below, Probably the
best point in favor of them s the fact that an air metor when over
loaded will stall without damage, Because of this, however, no mo-
mentary excess power is avallable, which may be needed Lo dig a large
boulder out of a muck pile or to overcome similar obstacles,

An air hoist also has an advantage in poorly ventilated sections

of a mine, where the exhaust gases will create some ventilatiaen, Ac~

cording to Matson (9 ventilating costs at one mine were lowered con-

(9) ﬁ&tm, R. c.’ Ibid, W. 51’52,

siderably when several electric hoists wers replaced by alr holsts,
In some coal mines which contain large amounts of explesive gas mix-
ture the air hoist is much safer tham electric hoists,

Another advartage of air power is the control of rope speed which
may be accemplished by throttle manipulation; rope speed may be de
ereased for digging and inereased for dragging, Alr motors are also
1898 susceptible to damage by moisture than electriec motors, and
leaks in alr lines are usually easlly detected and repaired,

Compressed air is normally available in all sections of the mine
where an air hoist would be employed, In the case of an slectric

hoist, special power cables may be required,
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Table 24

@®

Rope speed, rope pull, drum capacity, weight, and dimensions
of compressed air holsts,.

DUUBLE~DRUM AIR HOISTS

Rope pul}.* Overall Rope capacity
: wy Teight  length Width
1bse fte per min.  in lbse in inches in inches 3/8" 1/2"
1500 175 1360 58 34 7/8 400 225
1650 800 1865 52 1/2 82 7/8 600 330
1760 150 1325 52 1/2 30 1/4 475 275
1800 175 1450 58 34 7/8 400 225
3300 200 2495 57 7/8 32 1/4 500 300
2000 210 1540 59 B/ 34 7/8 400 225
5000 200 4345 73 1/2 42 1/2 ——= 1000
1975 250 2035 64 3/8 38 1/2 575 325
THREE-DRUM AIR HOISTS
Rope rn:«.}..‘x"l {Overall
o Teight  length Width Rope capacity
ibse fts per mine in lbss in jinches in inches :
2000 120 1423 84 5/16 29 250 mm=T/16"
2000 130 1960 68 29 5001 wma7/16"
2000 165 1500 61 1/8 28 250V we=T/16"
2000 210 2085 69 8/4 29 5007 mem?/16"
3000 220 4250 83 43 3/4 450%wma1/2"
2475 200 2560 75 1/2 33 1/8 325t wmm1/2"

® Compiled after date in catalogs of Sullivan Division of Joy Manue

facturing Company and Ingersoll-Rand Compenye

* Rope pulls are based on 80 poumds air pressuree.
**x Tail rope speeds average about 30% faater then pull rope speedss
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Electric Hoists - Although the first scrapers were powered by
air-operated holsts, electric hoists were developed soon afterwards,
‘and are more widely used at the present time, This shifi to electric-
ity was inevitable because of the much lower cost of electric hoists
as compared to alr hoists, Theoretically, & horsepower is required
at the compressor to deliver 1 horsepower of useful work at the alr
hoistj this does not take inte account leakages in the air lines,
ete, After considering such losses, probably 5 or 6 horsepower would
be required at the compressor for each horsepower delivered at the
air motor, However, Mateon \0) has presented figures which show the

(20) Katson, B, C,, Ibid, 75 p.

ratio of the cost of air power to the cost of electric power to he
still higher, In the example glven, 91,12 tons were scraped by
electrie hoiste and 604,005 by the air haists. The power cost per
ton of ore scraped was $0,034634 for the air holsts and £0,004165 for
the elsctric hoists, which ils a ratio of about & to 1,

Aecording to Jackson, (1) other operators have reparted that

(3-1) Jnckgon‘ Chas, F., QB‘ Citr.. Ps 39.

power costs are from L to 7 times greater for air hoists than for
electric hoists,
H. A, Walker (12) lists the electric power costs for scraping

(12} waiker, Harlan A,, Mining Methods and Costs at Bl Potosl Mine,
Chihuahua, Mexico, Information Circular 6804, U, 8, Dept, of
the Interior, Buresu of Mines, Washington D, C,, November, 1934,
. 23,
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as $0.0056 per short ton at the El Potosi mine in Chihuahua, Mexico,

Table 3 (13) {llustrates the cost of eleetric power in compari-

(13) Walker, Harlan A., Ibid, p. 23.

son with other scraper operation costs at the El Potosi mine,

Table 3, Underground Scraping Costs: Year 1932

Item Cost per short ton

Making and repairing scrapers ...,  § 0,005

Pmr lm' dAPTASERRRE IS SR INR paes om
Bolst installations ,.....evceeces 0056
Holst repair® ,.....ceveenervccans L0167
New cable and cable repairs ...... L0038
Electric POWEr ,...vevevecevsccans 0056

I—ubric&tim LN RN E RN R RN KN ER RN RS _L%
$ 0,03

Table 4, compiled by Harrison and chkay,(u‘) alse shows various

(14) Harrison, A, R,, and Mackay, K, E,, Mining Practice at NKana,lIl;
Engineering and Mining Journal, Vol, 137, Neo, 1, Jenuary, 1936,
P. 17,

operating costs in scraper operations,

www.manaraa.com



-i2~

Table 4, Scraping Costs, NKanas Mine

Six months period
per ton scraped

Shillings
European selary and wages ........ 0,17 $0.04
Hative labar I EEE RS FREE RN REE NS NN TN N 0018 6102
Supplies, including explesives .., 0,22 0.05
workshﬂp‘ I EE RN RS AR R E N R B RN E NN NN 0003 0001
Underground mechanics and
electri@ianﬂ IR EREE R ENE R TN N NN N E Y 00{)7 Q.m
Pmr‘. Qlﬂﬁtric LR I I IR ORI O BN N W A O A NN A O‘G% G Ol
Tﬂt&ls [ XS RN R NN NN RN Y] cc ;5015

Figure 1 shows a wattmeter graph which illustrates the power
distribution in a seraping cyele, The helst was powered by a 63
hp,, 260-volt, d,c, metor, and the operations were considered

severe at the time,

-
a
£a
o
o
£
Rl
i ® O
=000 Watts 5 L
E o~
b .%3 Motor
@« o "
= g; stalling
3 w9
i
PO, o
S
Q
&
¢ :
s

FIGURE |
Portion of a wattmeter chart (after Matson).
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When electric holsts were first used, they were powersd by
direct current motors, and took their current from the trolley

lines, (15) This tended to overload the trolley lines, however, and

(15) Eaton, Lucien, Underground 3craping Equipment, Engineering and
Mining Journal, Vel, 134, No, 4, April, 1933, p., 156,

alternating current motors came into use, Sixty-cyele a,c, at 220
or Li0 wvolts is generally used for scraper hoists in this country,
Direet current motors are used by many operators, however, and are
available from the larger holst manufacturers, Data in table § il-
lustrates the relationship between harsepower, weight, rope capacity
and gensral dimensions of typiecal alternating current and direct
current scraper hoists,

As noted, electric hoists are more popular than air holsts,
This is because of the many advantages the electris hoist has over
the air helst,

The largest advantage of electric power is the relatiwely low
cost of thie type of power compared to the cost of air power, Ac-

cording to Matson, (16) under the same conditions, electric power

(26) Matson, R, C., Op, cit,, p, 52

costs 1/6 as much as air power,  Figures showing asctual costs of
the two types of power have been presented on pages 1l and 12, Elec-
tric hoists are about 65 per cent efficlent; air hoists are only
about 15 per cent effiecient,

Blectrical equipment can supply any demand of power, no matter
how excessive it may be at certain pericds of the day, When many air
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Table Go* Horsepower, rope pull, rope capacity, woight, and dimensiong of Lypical A.Ce and DeCe geraper
hoigtse

DOUBLE«DRUM ELBCTRIC HOISTS

Wte in 1bse Iangth
25 & 60 cyele with with in inches Rope capaecity
Bela deCe with Width
Motor Rope pull Ropse speed motor motor m.cs motor in inches 3/8" 7/16" 1/2" 5/8" 3/4" 1"
hepe 1bse fopoella

7 1/2 2150 115 1788 1661 54 3/4 S0 1/& 475 ee= 275 1B5  memw e
7 /2 1800 137 1540 1580 64 1/4 28 600 420 340  wew  sme e
10 2300 145 1815 1359 54 3/4 30 1/4 476 wew 276 165  wew  ww=
10 1980 167 1570 1625 64 1/¢ 28 600 440  B40  mem  wee e
15 2500 190 1859 1903 56 32 7/8 600 mwe 330 210 eww -
15 1980 250 1645 1786 64 7/16 28 600 440 B0  mme  wwe -
20 8750 175 24756 2552 58 3/4 32 1/2 500 we= 300 200 wew  me-
20 3168 208 2080 2220 63 9/16 35 1/8 575 4256 325 210  mesm  eme
25 3600 250 2723 2092 59 3/4 34 5/8  B0D waw 450 200 semm  m-
25 3960 208 4225 4420 91 3/4 40 1/8  eww === 1275 850 575 325
30 5800 170 4884 4719 74 1/8 42 1/2  ww=  eme 1000 025 450  wem
30 4752 208 4620 4725 97 3/4 40 1/8 wme wew 1275 B850 575 325
35 4800 240 5060 4950 76 5/8 42 1/2 wwm  wew 1000 625 450  wwm
35 5550 208 4620 4725 97 3/4 40 1/8  wwe w1275 8GO 575 325
45 6200 240 5148 5060 78 578 42 1/2  ewm  wee 1000 625 450 wew
50 6800 240 5148 5060 78 5/8 42 1/2 wew  wme 1000 625 450  mwe
50 6600 260 4665 4920 97 3/4 40 1/8 =e= w== 1275 880 575 325
60 6800 240 5148 5236 78 5/8 42 1/2  eee  ame 1000 6325 450  www
80 ——— — 4720 4970 97 3/4 40 1/8 wem -w= 1275 850 576 325
75 10,000 245 5535 5625 92 1/8 64 1/4 wem wew 080 630 435 we-
100 16,000 200 9250 9550 113 68 s smeser e 1085 715 405
125 15,000 250 9200 9200 100 11/16 68 o wmwe 1025 716 405

* Compiled after data in catalogs of Sulliven Division of Joy Manufacturing Co. and IngersolleRand Co.

www.manaraa.com



Table & {cantinued)

(EEDRUN ELECTRIC HOI

e
578

256 & BO oycle Vite in 1bss Length
with with in inches Rope capacity

Motor Rope pull Rope speed faCs dabe with Width

hepe 1bss fopeme  motor mobor a.ce motor in inehes 3/8" 7/16" 1/2" 5/8" A" 1"
71/2 1900 130 2413 2250 71 1/2 34 475  wme 275 165 e e
712 2400 100 1970 2040 68 1/2 28 400 300 225 wem  wew oo
10 2000 166 2465 2520 73 54 475 wmw 275 165  ame  we-
10 2400 137 2115 2170 73 1/8 28 400 500 225 eme  wwe -
15 2000 245 3510 3500 80 411/4 500 mew 300 200 eem  m——
16 2970 167 2760 2000 79 3/8 33 1/8 575 425 325 210 ame  wem
20 2700 245 3575 3566 80 41 1/4 500 we= 500 200 eee  o—-
20 3960 167 2770 2960 79 3/8 35 1/8 576 425 325 210 smes  wee
25 3600 230 3720 3870 81 43 3/& 800 wme 450 280 mee  wew
25 4950 167 56905 5890 109 59 1/8  wmm we= 1000 650 450 250
30 3700 270 3720 3676 81 43 3/4 800 e 450 280 mew o
30 4752 208 6870 5976 109 89 1/8 me= we= 1000 650 450 250
35 6800 170 6450 6450 98 3/4 50 wom e 1000 625 450  eme
35 5550 208 5870 5975 109 30 1/8 e === 1000 650 450 250
45 —— — 6600 6550 100 50 wwem  wme 1000 625 450  www
45 6200 240 6600 6550 100 50 e w1000 685 450  mem
50 6800 240 6600 6550 100 50 wee  wme 1000 625 450 wew
50 6600 250 5915 6170 109 39 1/8  a~-  ww— 1000 650 450 250
80 tanase — 6700 G600 102 50 oo wew 1000 625 450  wee
60 — — 5965 6220 109 30 1/8 wme= ~=w 1000 650 450 250
100 11,000 300 13,000 13,500 155 64 s wel  weee  wse TIO  TV8
125 13,700 300 13,377 14,000 155 64 w—— - o e 750 375
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drills are in use, alr operated hoists are difficult to operate and
their efficiency is decreased,

Electric hoists operate much more quietly than do air hoists,
When the hoist operator is some distance away f{rom the faee, the
noige of the hoist may prevent him from hearing signals from his
assistant, The noise mey also prevent the men from hearing sounds
which might indicate danger,

A.C, Motors Versus D,C, Motors -- When serapers were introduc-
ed in underground work, certain elecirically operated esquipment was
already in use in most mines, This eguipment included haulage lo-
comotives, fans, and lights, Since this equipment was operated with
direct current it was natural that the first electric scraper hoists
were powered by direect current meotors, However, in {ime the many
advantages of altsrnaiing current motors caused that type of motor
to gradually replace most direct current motors for scraper holsts,
it is true that many direet current powered motors are siill used,
but a camparisen of the advantages and disadvantagga of eadn type
motor indicates that the alternating current type is best for oper-
ating scraper holsis,

The largest advantage of alternating current is the low line
losses as compared to the line losses in direct current, lLess
copper is also required for the conductance of altermating current,
With equael voltages, and a power factor of unity, the alternating
current line will require only 75% as much copper as will the di-
rect current line, an

(17) Goodman Mining Handbeok, Chieago, 1927, p. 38,
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When an alternating current motor is overloaded it will not
buwrn; therefore, there is less handling and repair work than there
would be for a direct current motor, Direct current motors require
generator sets underground, while alternating current ﬁotars simply
use "step-up" or Ustep-down' transformers, |

Direet current moters have a better speed control than alternat-
ing current motors and a better starting torque, The alternating
current motor has a practically constant speed, regardless of the
load, Direet current motors give slow speed with nearly maximum
torgue when operating under a maximum load, and higher speed under
a lighter load, Consequently, when the scraper is dlgging in under
maximum load, a slower speed is automatically obtained; this is de-
sirable at this peoint in the seraping cycle, When a light load is

- being pulled, or when the empty s craper is being returned the holst
will automatically move the scraper faater, This may be important
considering the time saved, However, with an alternating current
motor, slower speeds may be effected by slipping the elubeh,

Alternating current motors have & lower first cost than direst
current motors, They alsc have no commutator troubles, and there is
no danger of the armature burning when overlcaded,

Because of the several advantages of alternating cuwrrent motors,
they are generally preferred for scraper hoists, In the case of a
new mine being opened, the same advantages would seem to indiecate

that the alternating current type of power should be used for operat-

ing all electrical eguipment,
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Deslion of Scrapers

Through the years of the development of scrapers, three stand-
ard types have come to be generally accepted, These are (1) the
hoe scraper, (2) the box scraper, and (3) the crescent scraper,
There are modifications of each of these types, Side plales are
oftentimes constructed on hoe scrapers, teeth may be added to cut-
ting edges, and counterwelghts may be effectively used te produce
the desired balance of a seraper or to increase its digging or carry-
ing capacity, The hoe Lype scraper is best for handling hard,
chunky ore and rock, Those of the box and crescent kind are most
effective in handling firely broken or granular material,

Serapers vary greatly in sise and weight, For erdirary mining
work, almost any size and weight of equipment is available from the
manufacturers, The capacity of a scraper for any gilven installa-
tion depends chiefly upon the quantity of the material to be moved
and the rate of handling which is desired, The weight of a scraper
for a given condlticn 1s dependent on the size and weight of the
material to be handled,

The digging angle of a seraper is that which the cutting edge
of the scraper blade makes with the muck plle when the rope is under

maximum tension, According to Van Barneveld (18) the theoretical

(18) Van Barneveld, Charles E,, op, c¢it,, p. '225

maximum digging affect of a scraper would occur when the plane of
the eutting edge lies in the resultant of the pull and of the force
of gravity, The force of the pull i1s greatest when the scraper is
digging in to the muck and least when it is being pulled over a
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relatively smooth surface, The weight of the scraper is constant
but the direction of its a.ppliéation with respect to the long axis
of the seraper varies according to the shape of muck pile and posi-
tion of the seraper, Both of these factors vary, but theoretically
the digging angles are 30 degrees or below, Experience has shown,
however, that digging angles of 45 to 50 degrees will give better

results when scraping elther on the lewel or on an incline, a9

(19)

Ingersoll-Rand Company, Modern Methods for Scraper Mucking gnd
loading, 1939, p. 6.

Forrester and Clayton (20) conclude from results of tests run with

(20) Forrester and Clayton, Op, cit,, p. 24,

model scrapers that the mest effective digging angle for slcpe and
straight ball hoe scrapers is 45 degrees,

If the muck pile is deep, some provision is usually necessary
to prevent the scraper from digging after it has gathered 1ps load,
A forward curvature at the top of the blade or a baffle plate fastenw
ed to the top of the blade will cause the scraper to cease digging
after it is loaded,

Balance is an important factor governing the digging and riding
characteristies of a séraper. Counterweights may be applied to the
upper back-side of the blade to faclilitate better digging, Too much
weight on the blade, hmvér, may cause the ball to move upward when
the scraper ls emply, therefore endangering overhead timbers or in-
stallations, The ball for hoe and box scrapers should be long and
heavy enough so that the ball will rest on the ground when there
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is no tension on the pull rope,

Scrapers must be of rugged construction in order to withstand
the intense shock and abrasion they encounter in underground usage,
Factory-made scrapers are constmcted of cast steel; all parts are
bolted together and are usually replacable, Manganese steel, and
alloys of chrome, molybdenum, and nickel commonly are used in the
construction of scrapers, The alloys used musi be of great hardness
and tensile strength bvt should also possess the fusing properties
essential to arc welding; points of excessive wear are oftentimes
built up by welds,

Forrester and Clayton (21) nave 1isted the important factars of

(21) Forrester and Clayton, Op, eit., p. 16.

geraper design as follows:
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 digging angle and shape of blade,
a, Average angle near 45 degrees,
b. Top of blade curved forward to provide lifting aeticn,
3. Proper balance so that the bail will noet rise in the air
but still blade has sufficlent weight for digging force,
L4, Rugged construction to withstand abrasive action of ore

and sudden shock,

APPARATUS FOR SCRAPER TESTS

Egoipment Used in Tests
As previously described, the model ascrapers tested had been used
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in earlier studies of model seraperss The four scrapers were conw
structed on & seale of 1 to 6. Sinee the everage mine scraper is
about 48 inches wide,‘ the nodels are § inches wide. The four
scrapers tested are showmn in figures 2, 3, 4, and 5.

The motive power for the experimentation was supplied by a
quarter horsepower, split phass, electrie motor which uged 60 eycle
AeCey 115-volt currents The mobor furnighed 1750 RPMs A Z2-inch
pulley on the motor shalt was belted to a 1l2-inech pulley on & jack
shaftes A three-step cone pulley on the opposite end of the jack
shaft was belted to & similar pulley on the holst shaft.

According %o Forrester and Csrmishael (22) this ecombination of

(22) Forrester, Je Ds, and Carmichael, Res Ls, The Effects of Rope
Speed and livisture on the use of Serapers in Hining, Hissouri
School of Mines and letallurgy, Technical Bulletin Vol. 18,
Foe 1, 1847, pe 184

pulleys and belte reduces the RFH of the motor to 155, 211, 233, 317,
429, 475, and 646 RPM at the holst drums They used the diameters of
the pulleys in their caleulations of the above RPM. Since the dige
tance (radius) from the center of the drum to the core of the first
lop of cable was 1453 inches (Forrester and Carmichesel used 1/8 inch
eable), they caleulated the theorstical rope speeds avaiiable to be
125, 189, 187, 254, 344, 381, and 518 feet por minute. DBecause

belt slippage probably reduced those speeds somewhet, they used a
techometer to measure the RPM of the hoist shafte Using the RPM
obtained from the tachometer, the pulley combinstions they used gave

rops speeds which they computed o be 105, 280, end 315 feet per minute.
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FIGURE 2

Photegraph of Slope Bail Hoe Type Scraper, Note
counterweights oen bail and baffle plate, Blade angle
is 45 degrees to line of pull,

FIGURE 3

Photograph of Straight Ball Hoe Type Scraper. Scraper has
a counterweight on baffle plate, Blade angle is 45 degrees
to line of pull,
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FIGURE &

Photograph of a Bex Type Scraper, The blade is bolted at a
30 degree angle to the line of pull,

FIGURE 5

Photograph of & Crescent Type Scraper, The digging angle
on this scraper is 60 degrees,
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In checking the RPM of the hoist shaft as determined by For-
rester and Carmichsel, difficulty wss encountered in using a tach-
ometer, Because of the size and arrangement of the hoist shaft,
tachometer readings varied greatly; accurate readings were difficult
if not impossible to obtain, It is believed, therefore, that the
calculated rope speeds used ‘by Forrester and Carmichael in their
tests are liable to corresetion,

It was descided to determine the RPN available at the drums by
counting the RFM of the clutch plates, A notch was filed in cne of
the elutch plates, A small thin piece of wood held against the plate
while the hoist was running preoduced clearly audible clicks, It is
obvious that one revolution of the hoist would produce one click,
The number of clicks per minute was counted, the time interval being
determined by a stop watch, Several RPM checks were made for each
combination of pulleys used in the scraper tests, The hoist speeds
used in the tests were thus determined to be 160, 242, 319, and 430
RFM,

The radii of the hoists drums were measured with calipers and
found to be 1,48 inches, Since the hoist cable was 1/16 inch in dia-
neter, the effective radius of each drum (from the center of the drum
to the core df the rope) was 1,51 inches, Using this radius, the
rope speeds tests were calculated to be 126, 191, 252, and 340 feet
per minute, Clutch slippage probably lowered these speeds slightly,
but there was no wey to accurately determine its effect,

Wire cable, 1/16 inch in dlameter, with six strands of seven

wires each and a cotton cord center, was used to pull the scrapers,
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The tensile strength of the cable was rated at 150 pounds,

The scraper tests were conducted on a table 15 feet long and 4
feet wide, The table was surfaced with rough Masonite fiber board
to provide a uniform coefficient of frictiom, The end of the table
opposite the hoist could be inclined above or below the herdzontal,
if desired, A griszly was located two feet from the hoiﬂ; end of
the table, The grizzly is about cne foot square and equipped with
brass rails set 3 inches, center to center, An inclined chute be-
low the grissly directed the rock to the receiving pans on the floor,
. Two sheave wheels were fastened at the end of the table opposite the
hoist, The table had side and back boards which prevented rock from
spilling off the table,

A Type R Westinghouse recording watimeter was set up on a table

near the hoist end of the seraping table, (See figure 6) The self-

FIGURE 6

Photograph showing set-up of wattmster
and electric hoist,
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winding clock motor on the wattmeter turned the recording drum about
one revolution every 4 hours, Since this movement was cbviously too
s8low to record seraping cycles, the original motor was replaced with
# one BPM syschronous motor, The syschronous motor turned the drum

at such a speed that good traces of the scraping eycle were recorded,

A wiring diagram of the wattmeter and motor is shown in figure 7,

Material Tested

The material used in all scraper tests was fresh unaltered
granite, The crushed granite was splintery and blocky in shape and
was screened and classified inte the following six sise ranges:
minus 3/16 inch, plas 3/16 inch minus 1/2 inch, plus 1/2 inch minus
1 inch, plus 1 inch minus 1 1/2 inch, plus 1 1/2 inch minus 2 inch,
plus 2 inch minus 6 inch, The sizes given are assumed to represent
rock 1/6 as large as rock scraped in actusl operations,

The specific gravity of the granite was 2,64, This figure was
determined by weighing a number of pleces dry and then lumersing
them in a graduate cylinder to find their combined volume,

Method of Collscting Data
To better facilitate the calculations involved in the tests, the

metric system was used for welights and volumes,
In previous testing with the same model scrapers, Forrester and
Clayton (23) determined the theoretisal volume of materisl for each

(23) Porrester and Clayton, Ibid, p, 42,

sserapsr, The volumes of the different type scrapers are shown in
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Wattmeter

A.C.

FIGURE 7

Wirdng diagram for noist-wattmeter setun,
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appendix F, part 1,

The rock seraped was collected and the wvolume measured in two
galvanized sheet iron pans, The inside dimensions of the pans were
9 by 53 by 53 centimeters, The depth of rock in the pans was de-
termined by taking 8 measurements, the average depth being used to
compute the volume of rock moved, The rock was weighed on an Qhaus
balance,

The desired molisture content of the rock to be scraped was pro-
duced by plaeing a given weight of dry rock on the table and adding
the necessary water, The moisture content of the rock was recorded
as per cent moisture by weight,

The amount of power consumed in each test was calculated from
the graphs on the wattmeter chart, For these calculatioms it was
necessary to determine the time interval for the drum to wind a given
length of chart, Since the clock motor on the wattmeter ﬁld been re-
placed with the one RPM synchronous motor the time intervals on the
recording chart were of no value,

In an effort to assign a given time interval to each index on
the chart five accurate time tests were run, The lengths the chart
had run during each test were Lo be measured; the time interval was
to be determined from the time and distance, However, because of
uneven spacing of the indices on the chart, this method for deter-
mining the time interval was discarded,

It was decided to use the circumference of the winding drum on
the watimeter as a means for detoruinlnz the time interwsl on the

chart, The RPM of the drum was clocked five times with a stop watehj
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the drum revolved exactly one RPM, The diameter of the drum was
then measured with vernier calipers, From an average of five meas-
urements the dlameter was found to be 5,416 centimeters, The cir-
cumfersnce was computed to be 17,014 centimeters, Using these fig-
ures, and reducing them to units applicable to the graphs recorded,
the movement of the chart paper was computed to be 2,84 millimeters
a second,

Figure 8 shows portions of some of the graphs traced by the
wattmeter during various scraper tests, The time differences in

scraping cycles will be noted for tests at different rope speeds,

DESCRIPTION OF MODEL SCRAPER TESTS -

The testing procedure was similar for both rope speed tests and
moisture teats, The heterogeneously sised granite was placed in a
pile at one end of the table, The scraper was pulled over the muck
pile and forward to the griszly at the hoist end of the table, After
twenty such passes at the rock, the material was measured for welght
and volume, The graph of the power consumed during each test was
recorded with each test data sheet and the total power consumed was
later computed, The weight, volume, and power figures thus obtained
were used to establish efficiency relationships between the various
scrapers,

Three rope operation was used in all tests, Since the first few
scraper loads oftentimes depended upon the shape of the muck pile,
the pile was placed in the same shape and position before each test,
{See figure 7).
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FIGURE 9

Photograph showing position and shape of muck pile
before sach scraper test,

Much of tfie scraper load was lost during the first few passes
at the pile due to the rock rumning from the sides of the scraper,
This was especially true of the hoe type scrapers, However, after
&8 few passes, ridges were built up, (see figure &) and if the
scraper was kept between the ridges, very litile rock was lost,
After several passes, these ridges were of greaﬁ value in increas~
ing the capacity of each scraper load by allowlng the scraper to
push rock before it in addition to the normal scraper lcad, Be-
cause of this pushing effeect, many average scraper loads were more
than 100 per cent of the theoretical capacity of the scraper,

By use of the two tall ropes, the scraper could be maneuvered
An
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effort was made to scrape 2 maximum amount of rock on each trip,
Hiowever, because of the additional power used during manipulation

of the scraper, the maneuvering was kept within reasonable limits,

FIGURE 10

Photograph of straight bail hoe scraper
moving between ridges of muck,

All rope speed tests were run with the table in a level posi-
tion, During the wmoisture teste the table was inclined two degrees
toward the muck-plle end to prevent the water from rumning off the
table,

As noted, previous model scraper tests have been conducted by
Forrester and Clayton, and Forrester and Carmichael, Efficiencies

e _scrapers were established with respect to digging
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angle, scraper weights, rope speeds, and molsture content of the
rock, Some of those tests were run with single size grades of rock
and some with mixed size grades, Since most material scraped in
actual mining operations 1s of mixed asize grades, this type was used
in all tests, both for rope speed and molsture determinations, The
granite was weighed in proportions as follows: Minus 3/16 inch, 55%;
plus 3/16 inch minus 1/2 inch, 25%; plus 1/2 inch minus 1 inch, 10%;
plus 1 inch minus 1 1/2 inch, 5%; plus 1 1/2 inch minus 2 inch, 3%;
plus 2 inch minus 6 inch, 2%,

Seventy-nine rope speed tests were rmm, Welghts of the various
type scrapers were varied during these tests so compsrisons with pre-
vious similar tests could be made, Forrester and Claytom (24) report

(24) Porraster, J, D., and Clayten, A, B., Ibid, p. 22,

that according to resulis of their teste, there is an optimum weight
for any scraper for maximum efficiency, They go on to say that the
addition of more weight to the scraper causes a decline in efficlency
of the scraper, Theér resulis were corroborated during the power con-
sumption tests,

The results of the rope speed tests were compared with results
of rope speed tests conducted by Forrester and Carmichael, They re-
ported (25) that the efficisncy of a scraper gradually declines when

(25) Forvester, J. D., and Carmichsel, R, C., Op, eit,, P. 13,

werked beyond the cptimum operating speed, but that up to 2 certain
point the saving in time with higher speeds would overbalance the
small drop in scraper capacity, The power consumption tests showed
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this to be true vhen the lighter weight scrapers were tested, How-
ever, when more weights were added to the scrapers the majority of
the tests showed a progressive increase in efficiency &s the rope
speeds were increased, The capacity of each scraper load decreased
gradually during these tests, but the time saving was encugh to af-
fect lower power consumption per given weight of rock scraped,
Table 6 shows the maximum efficiencies cbtained far arny combination
of rope speed and scraper type,

Twenty moisture tests were ruri, These tests were siuilar to
those moisture tests made by Forrester and Carmichasel with regard to
rope speed, size of rock scraped, seraper weight, and moisture con-

tent, They reported (26) that as far as rock scraped per given

(26

) Forrester, J, ﬂ., and Carmichael, R, L,, Ibid, p, 13,

weight of scraper was concerned, the serapers ranked in the follow-
ing order: Box, slope~bail hoe, crescent, and straight~bail hoe,

However, when results of moisture tests run during this study
were compared on the same basis, different efficlency ratings were
established, Tests showed the scrapers to rank in the following
order: Crescent, Box, slope-bail hoe, and straight-bail hoe, Table
7, 8 recapitulation of moisture tests, illustrates the efficlency
ratios of the various type scrapers,

The comparison on the basis of pewer consumed per given weight
of rock seraped resulted in the following order of efficiemey: Box,

erescent, straight-ball hoe, and slope-bail hoe,
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Table 6, Reecapitulation of Rope Speed Tests

Figures given represent watt-seec per gram of rock scraped

Rope Speed _ Straight bail Slope bail __Box _Crescent

126 fpm 0.9 0,98 0.48 0,53
191 fpm 0.74 0,88 0.45 0,43
252 fpm 0.60 0,80 0.40 0,40
340 frm 0,73 0,65 — —

Table 7, Recapitulation of Moisture Tests

Figures given represent per cent of theoretical eapacity
and watt-see per gram of dry rock scraped,
averaged from 20 trips,

Seceraper Types

.§ 5 SO - T T°%. & N Sl, bail Box Crescent

B g g g x

Ko opd » » . .

S P IS 1 IV I N P
0 9.5 0.9 8,2 1,20 14, 0,58 653 0.69
76 b 1.25 1070 1.24 133.4 0,68 68,5 0,87
3.39 ;g.l,, 1,07 107.0 1.35 123,77 0,77 68,5 0,87
15,00 WBA 127 76,6 1.7k 120,5 0.87 68,5 0,89
20,00 0 49,5 1,05 g9.1 1.55 104.0 0,85 71,8 0,83
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Hoe ! S¢ r Tests
Since hoe type scrapers are most effective with a digging angle
of 45 degrees all hoe scraper tests were run with the blade set at

that angle, PForrester amd Clayton (27) reported that when counter-

(27) Porrester, J, D,, and Ulayton, A, B., Op, sit,, p. 2k,

weights gre attached to both type hoe serapers, tecth showed that
the bail weight should slightly overbalance the weight at the blade,
or the heel weight, All counterweights used were applied in such a
manner as t¢ conform to the above prineiple,

Graphs 1 and 3 show the volume of reock seraped for different
rope gpaeds ard different weight scrapers, Graphs 2 and 4 indieate
the power consumed per ziven welght of rock scraped as the scraper
wolght and rope speed are varied, As far as the valume of reck
scraped is concerned, the slope bail hoe scraper is much niaro effic-
ient than the straight bail hoe scraper for any weight or any rope
speed,

The addition of weight to the straight bail hoe scrapsr increas.
es the eapacity of the scraper. When the heavier weight scrapers are
used the eapaeity also increases with an inerease in ropes speed up
to a ¢certain peint, Much of the digzing effect is absent in the
lighter weight scrapers and the scraper tends to bounce over medium
and large sizse rocks} obssrvations of the tests clearly indicated
that the efficiency of the heavier scrapers was due t5 the increased
digging effeet produced by the extra weight, The optimum rope speed
appears to be about 250 feat per minute, The power consumption
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curves for the #traight bail hoe seraper alsc indicate that the
heavier serapers are more efficient than the lighter ones, The
amount of power consumed per given weight of roek scraped decreases
with an increase In rope speed up to & certain pcint, and then in-
creases, 1lhe optimum rope speed with respect to power is about 250
feet per minute, Thus the best operating speed for the straight
bail hoe scraper, judging from both scraper capacity and power con=
sumption, is about 250 feet per minute,

Graphs 9 and 10, pletted from results of moisture tests, il-
lustrate the relative efficiencies of the different type scrapers
as the moisture centent of the rock is increased up to 20 per cent,
As noted, the itraight bail hoe scraper is the least efficient type
scraper tested for moving wet rock, The welght of rock moved de-
ereases as water up to 15 per cent is added; a molsbure content of
20 per cent results in an incresse in efficiency, The power con-
sumption eurve for this scraper alsc shows & decrease in efficiency
up Lo 15 per cent molsture with an increase at 20 per cent,

The moisture tests were run with the scraper at a constant
weight at a canstant rope speed, Further tests with different weight
serapers and variable rope speeds should reveal more of the effects
of moisture on the action of the scraper,

The efficiency curves of the slope bail hoe scraper {graphs 3

| and L) are somewhat similar to the ecurves of the straight ball hoe
geraper, Oraph 3 shows the efficiency of the lighter welght scrap~
erc to drop with an incresse in rope speed, The heavier weight

serapers lose little of their effectiveness when operated at higher

< wailjii_ﬂbl
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Considering the volume of rock scraped per pass, the slope
bail scraper operates best at the slowest rope speed, However,
graph L reveals that with respect to power consumption, the scraper
is most efficlent when operated at 340 feet per minute; the seraper
seems to be about A4S per cent more efficient when oparsted at 340
feet per minute as c¢ompared with operation at 126 feet per minute,
This fact 1s important because it shows that the efficiency of a
seraper should not be arrived at from only the standpoint of volume
scraped, but from an integrated study of both the volume seraped
and the ameouni of power consumed per weight of reck scraped,

The optimum efficiency of the slope bail seraper at this high
speed as comphred with the optimum efficiency of the straight bail
hoe scraper at a lower speed is probably due to the sloped bail
holding the larger recks in t.ho' scraper, The larger rocks tend to

slide out the side of the straight bail hoe secraper,
Results of the slope bail hoe moisture tests paralleled pesults

of the straight ball hoe moisture tests yth the slope bail hoe
scraper belng more efficient with regard to weight of rock seraped,
It will be noted in graph 9 that the slope ball scraper is about 25

per cent more efficient than the étré.ig.m bail type.
However, graph 10 shows the scraper to be less efficient than

the straight ball type as far as power is conterned, This decreased
sfficiency may be due to the lower angle of pull in the slops bail
seraper, It is trus that a lower angle of pull effects better dig-
ging and, therefare, larger loads, but when scraping in wet muck
the d&ggiu may require more power because the muck is more compact,
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Box Type Scraper Testis

The box scraper was tested at three rope speeds and at seven
different scraper weights, It was not tested at speeds higher than
250 feet per minute because above this speed the seraper, especially
at lighter welghts, bounced around so much that testing would have
been impracticable,

Graph 5 shows the lighter weight scrapers to be most efficient
when operated at }26 feet a minute, The power consumption curve
(graph 6) alsc shows that rope speed to be the most efficient for the
lighter scrapers, 7The optimum speed is 126 feet per winute because
-zmeh of the digging effect is lost at higher speeds,

Graph 5 indicates that as-more welght is added, the scraper
moves & larger volume of rocky the two heaviest scrapers show theo-
retical capacities of over 120 per cent, In considering the volume
of rock scraped, the efficiency of heavier weight box scrapers is not
affected to any great degree by an increase in rope speed,

As noted in the power consumption curves (graph 6), the heavier
weight scrapers are more efficlent when operated at higher speeds,
Observations revealed that this efficiency was probably duve to the
added power of the scraper when the scraper was first digging inte
the muck pile, The added power causes the scraper to dig under rocks
that it would slide over if operated at slower speeds, The time used
in seraping is also much less at higher speeds, and the time saved
probably overbalances the highcr rate of power,

Results of the moisture tests with the bax scraper show that

the efficiency drops with an increase in meisture content of the rock,
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This was probably dus to the inability of the scraper o dig into
the compacted, fine rock, The moisture tests were rum with the
scraper at a constant weight and a constant repe speed, and more
comprehensive moisture tests should reveal much additional informa-

tion eoncerning the effect of molsture on the box seraper,

The crescent scraper is affected by a variation in welight and
rope speed in much the same mamner as the box scraper, The curves
in graph 7 and 8 show the lighter weight scrapers to be the least
efficient, The addition of weight to the scraper gradually in-
creases the efficiency of the scraper with regard to volume of rock
scraped, Increased rope speeds have little effect on the 'scraper
as far as volume moved 1s concerned, However, graph & shows a
slightly lower power consumption in the heavier scrapers at the
higher rope speeds, As is the ecase with the bex scraper, ‘this
slight power consumption drop may be due to the greater force in
digging or in the time saved in terapingb.

Graphs 9 and 10 show that during moisture tests, the efficiency
of the crescent seraper dropped with the addition of water wp to
about 15 per cemt and then incressed as more water was added, With
respect to grams of rock scraped per gram weight of scraper, the
crescent type is equally efficient at molsture contents of O and 20
per sent, However, the power consumption curve shows less power to
be used when the moisture content of the rock is O,

As is the case with the box scraper, further moisture tests

should give more complete information about the action of the cres-
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cent scraper when moving wet muck.

CONCLUSIONS DRAWN FROK STUDY OF MODEL SCRAFERS TESTED

1. Inasmch as the efficiency of a given scraper varies with
the weight of the scraper, the efficiency is at a maximum at a defi-
nite weight.

2., Varistions in efficiencies betwsen lighter weight serapers
are greater than the variations between the heavier ones; therefore,
too muech weight is better than too little.

3« The efficiency 01_' any scraper is at a maximum at a definite
rope spesd. For all types except the straight bail hoe scrapsr, the
optimm rope speed is about 340 feet a mﬁnuto} the straight bail hoe
scraper operstes best at 250 feet s minute.

4. The amount of rock scraped per pass does not necessarily
eatabm the best operating conditions for a given scraper. These
eonditions can be arrived at only after a coordinated study of the
amount of rock scraped and the amount of power consumed,

5, The addition of moisture to« rock seraped does not increase

the efficiency of serapers,
SUMMARY OF SCRAPER TESTS

Four model scrapers wers tested to determine their relative
power consumption when operated under identical conditions. The
#CTrapers were eonttmet.cd on a scale of 1 to 6 and were & inches
wide. The models tested were the straight bail hoe, the slope bail
hoe, the box, and the crescent. Crushed granite of mixed sisze grades
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was used in all tests, Tests were conducted on a l5-foot table, and
the three-drum hoist was powered by a guarter horsepower electric
motor, A recording wattmeter was used to trace graphs of the power
consumed in each test, Relative efficiencies of the various scrap~
ers were Judged on the basis of amount of power used for seraping a
glven weight of rock,

Seventy-nine rope speed tests were run, During these tests rope
gpeeds ranged from 126 to 340 feet a minute, and weights of the dif-
ferent scrapers were varied, Tests showed 340 feet a minute to be
the best operating speed for all scraper types except the straight
bail hoe, which operates best at a rope speed of about 250 feet a
minute,

When scraper weights were varied, it was found that a scraper's
efficiency is at a maximum at a definite weight,

Twenty moisture tests were run, in which the moisture content of
the muck was varied from O to 20 per cent, Results of these tests
revealed that the efficiency of any type scraper is at a maximum whem
the moisture content of the muck is O,

In determining the overall efficiency of a given scraper, con-
clusions drawn from a study of amount of rock scraped may be mis-
leading, Tests showed that some scrapers were nmare efficlent from
the standpoint of peower used than are other scrapers which moved
mora roeck per bass. Therefore, the optimum operating conditions for
any given scraper should be determined by studiee which include power

conswmptlion tests,
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APPENDIX A
ROPE SPERD TESTS AT 126 FPM
Three rope operationw-dry grenite on level floor--10 ft. distance

Gmse rock Quse rock Toattwaec. Wattmsacs

Type % theors per per por per
scraper Wte soraper capaclty gre sCYBpOr ccs rock coe rock grs rock
Hoe, ste* 805 373 1.84 171 219 1.26
Hoe, ste 11856 302 1,38 1.78 2432 1.29
Hoe, ste 1402 410 1.82 179 2.20 Ja13
Hoe, ats 1652 4568 1613 174 170 OeG8
Eﬂ,‘ ste 2715 LY a5 Q73 1e73 1.81 1404
Hoo, sle*s 742 a1 184 le2 Lok 1.57
EQE" sle 1129 108,0 1,60 172 2,08 1e22
Hoe, sle 1340 10545 Y37 le70 2414 1e26
live, sle 1500 10648 125 171 1.72 1400
Hoe, sle 1760 103.2 l.22 4906 Zedb Geb8
Bex 545 C8e7 1,98 1470 la24 Qa7
Tox 1174 BOad 188 162 077 Oe4B
Box 1584 S4al 1.86 169 0499 Qe 58
Box 1638 10245 1,87 1.78 098 D56
Box 1668 1010 1e82 1498 1,08 Os 68
Box 2545 11745 138 1,76 1,00 Qe E7
Box 2978 1177 ls14 1le69 107 0e63
Cregcent 710 42,1 2476 1479 1,46 0s82
Crescent 1010 4745 Re26 1485 1.15 0462
Crescent 1565 5640 1.60 1e74 l.14 0.66
Crescent 1776 §7e0 141 1,65 080 Os54
Crescent 2000 65,9 14458 1.68 0e80 De b3
Crescent 2260 Tled 1440 1469 0«87 0687

¢ gtamwstraight bail
*% gle~mslope bail

—
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APPENDIX B
ROFE BFELD TESTS AT 181 Fri

 Three rope operatione--dry granite on level floor--1l0 ft. distence

_

Cms. rock Gmse rock Ve tiw800. Vo ttegecs
% theors per per per per

geraper Wi soraper capacity gre SOTRPEr cGa rock sce TOCk gre rock
Hpe, ste* 805 32el 1.56 1475 2208 1.17
Hoo, 5t 11856 331 1e19 1.84 2418 1l.17
Hoe, ste 1402 4258 133 1,83 1.83 0.89
Hoe, ste 1652 4847 1,21 1.77 1.31 074
Hoe, 8% 3715 515 0481 1.86 1,46 ‘0,78
H&Q, Sle®% 748 T1ad 1.56 1.75 2.02 1.18
Joe, sle 1127 7544 1.28 185 2402 - 109
Hoe, 8le 1340 10040 Le29 1.69 1.62 0,56
Hoe, sle 1500 8448 1,02 1.76 181 1.03
Hoo, ole 1750 03+l 097 1.78 1.86 - 104
Bax 645 4748 1‘59 1.53 144!9 - 0a02
Box 1174 T0e2 1.76 178 0.91 063
Box 1504 855 1480 176 . 1.19 D862
Bex 1658 10000 1078 1t71 . Qs 85 » 0;49
Box 1865 9 5!0 1'0 55 11&79 8] - 86 04%
Box 2545 126,0 le48 1475 080 0ub1
Box 2972 12340 l.24 175 1a00 Qb7
Crescent . - 710 28.1 2476 1479 Led6 0n82
Crescent - 1010 4544 2405 1476 1401 0ub7
Crescent 1558 5244 1457 1,78 1le24 0e68

~ Crescent 1775 61.0 1e54 .72 0.84 De48
Gregeent 2250 71a3 1440 1.69 083 QpdO

* gtew-gtraight bail
*% gle=eslope bail
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APPENDIX €
ROXE SPEED TESTS AT 252 FFE

Throo rope operatione-dry srenite on level [loor=-10 £4, distance

(mse rock Gms s rook Tatt=sec, Vattmsecs
Type % theors per per per per
seraper Whe scTRper capncity gre SCTApEr ec, roek cts rock grs rock
The, ste* 805 22,3 et 1.81 l.98 109
Hoe, st 1188 20.6 1.00 1.72 1.82 1.11
Hoe, st 1402 4243 126 1480 130 Qu'72
EOG, gt 1852 Fl.0 le24 1.74 104 0450
EOG' 3"5. 2715 B2e5 0e82 1,85 1.02 0968
Fog, 8le¥* 742 §7,5 1422 1.66 2418 132
Hoe, sle B UV 5.8 leld 177 1486 1,05
EO'B, 21, : 1840 018 1420 1.71 1437 DeHD
Hoe, sl. 150*9 " 87.7 - 1.01 1.68 le38 D82
Fse, sls - 1750 B9.0 0,89 1470 1440 0+82
Box 1174 5248 . 1a76 1.78% 1,08 OeBl
Baw 1504 €18 2608 1.80 0e 87 Ded&
Box 1638 1015 1288 1.73 0e 78 0udb
Doz 1868 - 101:5 1468 1.78 Ge 75 Oadk2
Box S 25&5 i 12145 1,44 178 CeT4 Qe 2
Box Lo 29728 120.0 1,18 1.72 {82 0u48
Cregeent - 710 8542 1446 1,72 Le77 103
Crescent - 1010 GEaT 1s61 2475 1.00 - 062
Crescent 1555 B24+5 1,39 1.5¢ CeB7 0,55
Crescent 1775 6045 lad2 1.62 Ua¥0 D47
Crozcent - 2600 659 1448 1,69 0s76 0ed 5
Gresoont - 2250 7640 153 173 0469 Ded0

# gtewmsbreight bail
#% gl,e~slope ball
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APCEIDIX D
ROPE SPEED [Z513 AT 340 Frol

Three rope operationw--dry granite on level fleor--10 {t. distence

(mse 00k Gnse rock flatbeneo Vatiwgacs
Type 7o theors per per per per

soraper lite sCYEDOY capacity gre soTARDEr coe ruck CCe oGk gre roclk
Hoe, sta* 605 2843 1.10 le7 GedC leG8
m.’. Ste 1185 25 46 Ol 1.75 2eZ2 Le27
Hoe, sl 1402 BOes 1avd 1wl 187 Qa3
Hoe, s8ts 1652 4éal la Le7C 1427 Je73
Hice, ste 2715 4é e Qusb leis 169 Je83
Hoe, sle¥* Tea 4R e Jeod Ledd Zeb0 ile71
fioe, sle 1127 dRed Oeul el 2450 Iedd
Hoe, sls 1540 TBeU 1ok Ls78 1415 Qe
Tioe, sis 1500 Gle7 laub 1e0C 1l.15 WIGH
Hoe, 3le 1750 Odal Dedz Lleu? 1.11 Jei

# ghe==gtraight bLall
*¥ gleweslope bail
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AFPFENDIX B

MOISTURE TESTS

Three rope operation at 126 fpme~mixed-size granite~~l10 ft. distance

% (mss rook (mse rosk Gmse rock Tatte=sec. Vatt=gec.
Type Weight  moiste % theors (wet) per (dry) per per per gra per gre
seraper soraper by wte capacity gre seraper grs seraper ©6C. rosk roek %mt) rock %Tlry)
ROQ, she# 1571 0,00 4945 ermions 1.29 1077 e 0.94;
Hoe, sle** 1149 0«00 32 - 1.46 1,76 B 1.21
Box 2065 000 114.0 —— 1.66 1.78 - .58
Crescent 1760 0,00 653 ——— 1.69 177 R 0269
Hoe, ste* 1571 4476 5548 1423 1.18 le54 1.04 1.08
HOO, Blex* 1149 4476 107.0 147 1440 1.68 1.18 le2d
Box 2065 4476 13344 1.75 1.64 1.69 0s64 Qe68
Cresaent 1780 4476 6845 1480 1.52 1.60 a4 Q87
Hoe, stes* 1571 5409 5244 1l.24 l.16 1.59 1.00 1.07
Hoo, 2le®x 1149 900 1070 149 1.48 156 1e28 1.35
Box 2065 9409 12347 1.64 1.55 1.61 0a78 0e77
Creacent 1780 0409 68s5 1l.61 1.52 1.61 0082 087
HDG‘ Bhe# 1571 1500 4344 1.12 102 l.74 1.16 1.27
Hoe, sle®* 11490 15600 T6eb 1.18 1.11 1.72 l.64 1e74
Box 2066 1500 12065 1.87 1,38 1.68 0a78 0287
Crescent 1780 15,00 658e5 1.66 1,53 1465 0.82 082
Hoe, ste* 1571 20400 4945 1435 121 184 0.08 1,05
Hoe, sls¥% 1149 20400 89e1 1439 1.27 1e75 1443 1.55
Box 1780 20600 10440 1a45 1.32 1.69 077 085
Crescent 2065 20400 71.8 1.81 1,65 1.73 0676 0483

* gtemwstraight bail

*% sle~-glope bail
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APPENDIX F

Scraper Data Sheet

58

Maximum Capacity of Scrapers (measured with 3/16% dolomite)

Hoe Type Straight Bail
8 inches wide

I Z SR EE R EEE N ENEENRS RN ]

Hoe Type Slope Bail

8 mche’ ’didﬂ IFEEEEEFERNNEENEERLY RN

Bex Type
8 inChBS wide I FRS N EEEENNE ERERENEESESE )

Crescent Type

8 inches ’Wide NeaBRRNGBBILSIDOLLLL MG

Weight of Scrapers

Blade
Blade
Blade

Blade
Blade
Blade

Blade
Blade

Blads

angle 30° - 1700 cc,
angle £5° - 2330 ec,
angle 60° - 2000 cec,

angle 30° - 1000 cc,
angles 45° -~ 1025 cec,
angle 60° - 1200 ec,

angle 30° - 1700 ce,
angls 45° « 1650 cc,

angle 60° - 2600 cc,

Hoe TYPB, Straight Bail (With Chain) aruessRees D LS IAD 305 gns,
Hoe Type, Slope Bail (with chain) ..uvisssescsccesees T42 gms,
Bax Tm, (With Chaiﬂ) vassasessssusneinesRsEBeIBrELES 9&5 gus,
Crescm Tym, (wj.th chain) MRS REBANSINIBINOOIRUB SIS ?lo @8-

Counterwsights

Baﬂ mi@t’ far hw tmﬁ RAB S PSERSIRPANSLEERIANPBOEGOGS 98 mo
Bail weight for hoe LYPe8 ,..veuevvusncrnorancrseosss 260 gms,
Back Wigﬂt for hoe or BOX ... ..vivvnsnsrrnnsssssnses 210 gna,
BQCk Weight for hoe or box T T T T 217 gms,
Back weight fOT ho® OF DGX ,...esvsversosnsnacsssnses D81 gms,
Back welght for hoe OF DOX .ie.vesrsnsecnscnnnsunases OU7 EHS,

Pans for Rock Measurement

Pan No, 1 - 53 x 53 x 9 em, (vel, 25,281 cc,) area of bottom

2809 sq, cn,

Pan No, 2 - Dimensions same as above,
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APPENDIX G
Caleculation of Rope Speseds

Speed of hoist shaft (by counting):

160 RPM
242 7PY
319 RPM
430 RPY

¥inding drum 3,02 inches in diameter 1s ,7902 £%, in cire,

Rope spesd No, 1 is 0,7902 x 150 « 126,44 £%, per ninute
Rope speed No, 2 is 0,7902 x 242 » 191,3 ft, per minute
Rope spesd Ho, 3 is 0,7902 x 319 = 252,2 ft, per mimie
Rope speed No, 4 is 0.,7902 x 430 » 339.,9 ft, per minute

ol L ZJI_ELI
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