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THRSIS SUBJECT

A COMPARATIVE TEST OF THZ AIR CONSUMPTION OF ROCK DRILLS

The aim of this thesis is an attempc fdideterm;ne
th~ relative efficiency,of four standard tjo a: er'rdck _
drills,ds to air consumption. The ai* GEHSjmptLQR was
based upon the cubic inch of rock drill“by sach machine.
The orifice method of measurement boing utilized,in oon-.
naotion with the exhaust to determine the desired oon?«
sumption. Previous tests of a similar character have,in
avery instance,provided for a measuresment of the comp-.
ressed air used,through the medium of considerable tank
storage ocapacity. The pressure being maintained oon;'
stant or permitted to range between certain fixed limits.
The limited ocapacitiy of the compressed air storage tanks
at the Missouri School of Mines would have rendered any-
thing but a very short rock drill run: impossible,for this
reason the usual methods of air tank measurement,of above
mentioned, gave way to the orifice measurement of the

exhaust air.
As ‘a2 means of comparison-only short runs were made,

in which,the tank measurement method was adopted with a
pressure range of 60 to 100 pounds. In this connection
it might be stated that considerable difficulty was ex--

perienced in acocurately determining the volume of the
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total exhaust of the Leyner Drill,due to the character
of construction,which permits = portion of the exhaust
to escape about the drill stsel,at the base of the front
head ,while additional air escapes through the core of
the hollow drill steel,being Utilizﬂd in connection with
the water feed. A packing was devised for ihe frent head
and the core in the drill stes; wma plmggsd‘ug ‘{hus forc-f
ing all the exhaust air through the exhaust port,but this
was manifestly unjust to the drill,as running conditions .
were therefore not normal to the drill construction,but
runs were made simply as a matter of experiment. The
tank measurement was therefore the only method which
ocould be satisfactorily used in connection with the Leyner
Drill and such method was resorted to in this connection.
| Thé rock drillsselected for the tests were man-
ufaotured respectively by the} Ingersoll-Rand Drill Co.,
Sullivan Machinery Cos,Wood Drill Works,and the J.George
‘Leyner Engineering Works Co..

The maohines are those carried regularly instoeock
by the respective manufacturers and were purchased short#
ly before the tests were ocarried out. The first three
named are the pistén type,the:.last is of the hammer type.

The following is a descriptive summary of the drills
tried out.



Company Type Diam Cylind Lgth.Stroke. Lgth.Faed Wgt.

Sullivan US 2 14" B 16" 146
Ing-Rand A 86 2 174" B 16" 140
ood  No.2 1/4 2 1/4" : 4:1J2“1**; 20" 125
Leyner No.7 2 1/2" “'A: 2 R/4"":Aﬂ”'so" 126

"Before being placed in service for fna tests the
maohines were given preliminary xuh&.to‘en&hxe tne working
parts to wear smooth.

The drills were rigid.ly mounted on a Ba.r,
which in turn was wedged between 12 by 12 timbers,® feet
apart,ths bases being imbedded in concrete and further
stiffened by side braces and a tie rod.

All hoies were drilled at angles varying from 16
deprees up to 26 degrees down,into a block of - granite
S'x4'x¢ . The granite wa.s procured from the Fre-eam-
brian area,near Graniteville,in South Fast Missouri,

and was freshly quarried.

Compression was seocured by one single stage Rand
Imperial Type Alir Compressor of 77 cubioc feet per minute
free air ocapacity and pressufe up to 100 pounds per
square inch gage and one Two-Stage compressor of 100
cubic feet and iOO pounds gage pressure. The compressed
air was conveyed to two receivers of a combined capac-:

ity of 1695 7 cubic feet,and from thence oonveyed by
one inch pipe to the place of dfilling. The conneotion
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with the drill being made with one inch hose. The ex-
haust from the drill was conveyed by one and onthalf
inch hose,f0 feet long,to an iron drum 8 feat.long by
2 feet in diameter,supplied with an orifioce,ocut in No.
14 corper plate.

The pressure gage used was a standard Crosby Gage,
and the nécessary correction was determined by a stanard
gage tester. The ordinary cross;bit made by the Leyner
Sharpesner on one inch octagonal steel was used,the start-
er had a gage of 1 7/8 inches,each successive gage betng
1/4 inoh. less than the preceeding.

METHOD OF TAKING DATA.

Compression was maintained at nearly constant
gage,by varying the speed of the pressure. Since the
compressors were located immediately ﬁbacent~to the drill-
ing: location,this adjuctment was easily made.

Preliminary experiments were made to determine
the necessary size of the orifice,for the drum,whioh
would bring the pressure from the exhaust air within the
drum to. less than one foot of water head. A 1 1/2 inch
orifioce was finally acoepted as-satisfaotdry. All holes
were first dollared b=fore thé actual run,on whioh data
was collectad,was Started. ¥ith everything in readiness
and the air pressure constant,the machine was started

and drilling continued until a change of drill steel was
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required. The time of stopping and starting was recorded
by means of a stop watch,the time taken up by the sto';t
pages being deduoted to give the net running period.The
temperature,of the free air in the drum,was noted by
means of a thermometer,inserted in an aperature in the
drum,and likewisé the water differential gage recording
the pressure. In the latter data,readings were taken for
every fluctation ofthe_water gage,some times every five
or ten seconds. The outside temperature of the atmosphere
we.s also noted. At the finish of the drilling the depth
of the hole was measured and the degree of pitch of the
same were @all made a part of the reoord.

Having noted the temperature of the free air in
thr drum,the diameter of the orifice,differential gage
reading,compressed air gage,the data was inserted in the
formula for finding the weight of air passing per second,
as given in Compressed Air Cumputations by Harris:
o:%)’z'g;‘iwa.s{?g, In which O represents the

weight of air passing per second,d is the diameter of
the orifice in inches,W,1s the weight of a oublc foot of
alr in pounds and g:is-52;2. The formula in turn reduces
to o.632 d‘[}—; in whick p 1s the air pressure in
pounds per square inch inside the drum,and t is the ab-
solute tempera{ure,Fahr.scale.,The above represents the

theoretic formuls to which must be applied an experiment-



“al coefficient whose value is dzpendant on the size of
the orifice and thn differential water gage reading.
In the case of a 1 1/2 inch orifice the coefficient var-
ies from 0.601 to 0,803. Having the weight of air:'in
pounds per second,the free air volume per minute is se-
curad by multiplying by 60 and deviding by the welght of
‘a oubic foot of free air at the slevation of Rolla and
at the recorded temperature. The cubic feet of free air
par minute consumed was multiplied by the time run and
in turn was devided by the oubic inches of hole drilled.
The latter result forms the essential basis of comparison.

The following summarizes the data obtained from the
runs made at the varying pressures,the short time al-t
loted made it impossible to carry out the desired num-
Ber of runs and in some instances,due to the lack of time
in conjunction with other factors,only one satisfactory
run was seocured.
Ingersoll- Rand Drill,

| ' 80# Gage

Water gage Cu.ft.free Duration Cu.ft.free air

reading. air per min. of run. per cu.in.drilled.
6.7 in.  71.00 5,00 min. 22.50

.28 89,00 8,50 16,50

8,20 76.08 5,58 18.06

B.42 70.40 7,42 18,08



.80
4,30
Wood Drill:

2,80
1.82

%.62
4,82

2,98

' 8l1.08

88,80
58,96
64.58

72 .20
88. 10

75,18
83,30

19.75

- 8o# Gage

8.38
4,50
5.‘50

- QO# éage

8.33

QE# Gage

8.00
8.00
'8.00

.loo#éagé

75.20
82.10

48,53

88,07

57.00

65,50

- B1.44

5,25

8,75

- BO# Gage

12,80
B.55

’85#'éage

8.00

. 90# Gage

8.00

' PE# Gage

12,00

-7~

55, 80
13,82
13,10
12,44
28.60
18,00
50,40
11.2%
18.40
9.5
16,88
12,08
13,59
17.08

18,87



.58
4,05

2,28

Sullivan Drill:

2,86
5,54

2,08

4,11
4.21
4,17
5,20
4,20
5,40

4,72
4,26
.63

4.46
5,66

£E, 81 7.00
84,%0 8.50
100#Gage

£5.61 8.50
80# Gage

69,72 8.75
68,30 7,80

SB#Gage

52,17 8.00
:90#'éage

65,72 8.50
84,52 7,00
81,68 7,00
64,18 7.00
81.06 9.25
54,02 10,87
O5# Gage

66,81 8,00
85. 47 5,00
81,67 118,00
\iOO# Gage

87,00 19.00
85,16 2.00
B8O 776

-B-.

17'06
14,66

17.068

18,62
10,78

15,19

12.00
16,85
118.08
17.18
15.08
14.58

15.78

16,20
81,80
110.08

10,80
14.45



Leyner Drill:

O5# Gage
2,54 45,57 2,25 8.8
2,57 48,15 5,25 57,83
2,20 47,78 1,00 8.02
100# Gage
5,12 62,97 4,00 25,26
2,88 51,55 2,00 4,24

Tank Measurement

Leyner Drill:

Duration Gage Volume Cu.ft.free Cu.ft.free.

of run. of hole. air for run. air per min.
5.6 min,1OOK.B0# 17.59  258,1 68,08

1,0 100#:80¢ 15.28  288.1 258, 1

2,0 80#-60# 11.02  175.2 8.8
Sullivan Drill,
7.0 1008-80# 17.75  274.5 80,5



Arranging the results gives the following rec-
ords for comparison.
Orifioce Measurement.

‘Drill G?ge Qu.tt. — Length Ou.ft.free Depth
. a 0 u a r Cc
n pgiemin{ ran d?iileg gia ? g/4

'80# Gage
Yood  2.11 4520  10.41  14.44 15,0’
Ing.Rand £.58  80.31 8,50  21.54 11.2
Sullivan 5.6 ©8.01. ~  8.12 12,12 18,1
| ‘BE#Gage
¥ood  5.62 57.00 8.00  15.%0 10.9
Ing.Rand 4,62 84.11 £.45 15,12 11,1
Sullivan 2.96 82,17 8.00 1519 11.7
- E0# éage
¥ood  4.62. 655 9.0 17.06 187
‘Ing.Rand 580 66,20 8,25 _12 B4 12,0
Sullivin 4.05 62,20  B8.26  1Eid44  15.8
O6# éage.
Yood . 5.48 E7.12  8.E0  16.18 126
‘Ing.Rand 4,42 62:24 8.21 1881 6.8
Sullivan 4,15 60,98 8,67 20.28 10.8
"Leyner 2;45_. 45349 g ‘2;85 17.81 2.8
| 100# Gage
Yood  :5.58 ©5.81 6,50  17.08 .88
‘Ing.Rand 5180 67.856  'B.00  12.97 17.4



Sullivan 5.50 67,85 8.00  12.07 17.4
Leymer 2.87 52,2F 5.00  14.74 4.4
Tank Measursment
Gage 100#- . 60#

‘Leyner 108,28 3,00 156,10 8.9

Sullivan 89,5 7.00 17.73 11.4
Gage 100#- 80#

'Leyner 88.03 2.80 13,70 7.2

The variations in the above tests were due to
several factors. First the form bit,whieh is not adapted
to dry holes,of wet holes in which the water is fed by
hand;as this method of feeding the water does not give
a uniform feed. Another factor was the:lack of uniforms.
ity in shape of drill bits,which was due to the want
of a competent drill sharpener.
| The results obtained by testing machine drills,
on the surface,are apt to b2 mislead ng unless carried
on for a great length of time. This was exemplified in
the first South African Drill Contest which was won by
the Gordon Drill;this machine was afterwards tried out
underground and proved to be far less efficient than was
indicated by the results of the test.

The tests as herein made are useful however for

determining the actual drilling speed and air consumptior
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of dif ferent machines under ideal condiiions,but do not

necessarily show the true worth of the machine when ap=.

plied to the conditions met with in underground work.
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