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APPROVED EXPLOSION-PROOF COAL-CUTTING EQUInmNT. 

By L. C. IL'SLEY and E. J. GLEIM. 

INTRODUCTION. 

Electrical apparatus because of its flexibility and its adaptability 
to all classes of service has become essential to the mining industry. 
Hence the problem of providing electrical equipment that is safe for 
use in explosive mixtures of methane and air is of prime importance 
in coal mining. Ilwestigatorsand experiment stations early recog­
nized this fact and much work has been done in the investigation and 
the development of electrical apparatus for use in atmospheres con­
taining fire damp. The term "fire damp" as applied throughout 
this bulletin means an explosive mixture of methane and air. 

Direct-current motors and alternating-current motors of the slip­
ring type when running usually give off electric arcs or flashes that 
will ignite fire damp. Other 'motors that ha,'e no moving electric 
contacts may become dangerous through accident, deterioration, or 
neglect. Auxiliary apparatus such as fuses, switches, rheostats, and 
controllers may arc, flash, or become heated to snch a degree that fire 
damp can be ignited. Such equipment is still more dangerous when 
worn or out of repair. 

In the United States the development of apparatus for use in 
gaseous mines has been associated largely with coal-cutting equip­
ment run by electricity. This is undoubtedly due to the use of 
such equipment at the face of the mine workings, where the chance 
of igniting fire damp is necessarily greatest. One American manu­
facturer built a coal-cutting equipment of the totally inclosed type 
for use in firo damp atmospheres in 1903. Another built similar 
equipment with special protective devices in 1906, for export. 

During the years 1910 and 1911, the Bureau of Mines at its Pitts­
burgh experiment station conducted a preliminary investigation of 
the safety of such protection as was then in use or under considera­
tion. Five motors were submitted for this investigation, each having 
somewhat different methods of protection. The results of this in­
vestigation were published in Bulletin No. 4G.a 

a Clark, R B., Investigation of explosion-proof motors, Bull. 4G, Bnreau of Mines, 
1912,44 PD, 
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Although none of the motors tested met all the conditions for 
safety, the investigation was of value in laying the foundation for 
future tests and deyelopment. Based on the experience gained a 
schedule of tests 'Yaf:l publif:lhed by the bureau that stated the fees 
and requirements for the test of motors designed for use in gaseous 
mines and also stated that the bureau "'ould give its seal of approval 
to such motors as met the requirements. 

The first part of the present bulletin deals with the general theory 
of protection from fire damp, giyes the bureau's schedule, and shows 
its application to the testing of commercial apparatus. The second 
part coyers a detailed description of the apparatus that has been 
tested and approved under this schedule, together with a resume of 
the tests on ,vhich the approyals "'ere based. 
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following manufacturers of mining equipment: Jeffrey Manufactur­
ing Co., Columbus, Ohio; Goodman Manufacturing Co., Chicago, 
Ill.; Morgan-Gardner Eloctric Co., Chicago, Ill.; Sullivan Machin­
ery Co., Claremont, N. H.; and ,Yestinghouse Electric & Manufac­
turing Co., East Pittsburgh, Pa. This gallery (see detailed descrip­
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THEORY OF FIRE DAMP PROTECTION. 

OCCURRENCE OF METHANE.a 

Ordinarily, the only gas that occurs in coal mines in sufficient quan­
tities to canse an explosion is methane, CH4• This gas is so preya­
lent throughout the coal-mining regions of the United States that 
mechanical yentilation is generally necessary to preyent the accumu­
lation of dangerous percentages of methane in the mine air. Effort 
is made to dilute the mine atmosphere with fresh air so that the 
methane content does not exceed one-half of 1 per cent in return air 
cnrrents. Frequently, because of improper systems of ventilation or 
accidental interrnption of proper systems, or heCltll:-:e of the release 

a Darton, ~. JL, Oecl1l'l"ol1ce of pxploNivl' .::)l:-:E'~ ill (oaJ miw-':-:), Bull. 7:2, Bureau of 
]llineR, 1913, p. 248. 
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of abnormal quantities of gas, enough methane accumulates III a 
given place to make the atmosphere of that place explosive. 

EXPLOSIVE LIMITS OF FIRE DAMP. 

The lo,,'er explosive limit of methane a is reached when the pro­
portion is about 5.5 per cent of methane mixed with 94.5 per cent of 
mI'. The upper explosive limit is about 14.5 per cent of methane to 
85.5 per cent of air. Below or above this explosive range the methane 
is only partly burned when the mixture is ignited. 

Percentages of methane under 5.5 per cent, when mixed with large 
volumes of coal dust in suspension, make a mine atmosphere more 
dangerous than when it contains coal dust alone. 

IGNITION TEMPERATURE OF METHANE. 

Methane is Ignited at about G50° C.b This gas does not ignite 
as readily as hydrogen and several other gases, but must be heated 
to ignition temperature for an appreciable time before it ignites. 
Therefore, flames of somewhat higher temperature than that at 
which methane ignites may momentarily pass into this gas without 
causing an ignition. However, the temperature resulting from sparks, 
flashes, incandescent filaments, or other electric activity usually so 
far exceeds the ignition temperature of methane (650° C.) that when 
fire damp is present an explosion is almost sure to result. 

PRESENCE OF FIRE DAMP IN ELECTRICAL APPARATUS. 

Fire damp is likely to enter the interior of electrical apparatus that 
has openings of sufficient size to permit djffusion of the methane with. 
the air. This diffusion will take place readily if the apparatus is 
allowed to remain in a room filled with fire damp for several hours. 
Apparatus of the totally-inclosed type is much. less liable to be a 
source of danger through diffusion of methane than apparatus of the 
former type. Diffusion, however, is not the only way in which fire 
damp enters the interior of apparatus. The metallic parts of elec­
trical apparatus are subject to variations of temperature during 
periods of rest and operation. Consequently the atmosphere within 
expands and contracts, creating an unbalanced pressure with the 
atmosphere outside. This difference of pressure tends to become 
equalized by the transfer of gases in and out of the casing. Thus fire 
damp may be drawn into the interior of an electric motor, or other 
electric equipment, through very small openings. 

a Burrell, G. A., and Oberfell, G. G., The limits of inflammability of mixtuTes of 
methane and air, Tech. Paper 119, Bureau of :\Iines, 1D15, p. 30. Burrell, G. A., and 
fiaug·er, ,.\. W., Limits of complete inflammahility of mixtures of mine gases and of in­
dustrial gases with air, Tech. Paper 150, Bureau of :\1ines, 1917, p. 13. 

b Dixon, II. B., and Coward, II. F., The ignition temperature of gases, Chern. News, 
March' lD, 1909, \'01. 9D, p. 139. 
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CONDITIONS NECESSARY FOR EXPLOSION. 

The basic conditions that bring about a mine explosion having its 
ignition from an electrical source are as follows: The presence of 
fire damp in the immediate vicinity of the apparatus, the penetra­
tion by diffusion or otherwise of the fire damp into the apparatus, 
and the ignition of the fire damp by an electric spark, flash, or other 
means. 

FAc'rORS BEARING ON SAFETY. 

The hazard introduced with the use of a piece of electrical appara­
tus in a gaseous mine, and the possible results of an explosion within 
that apparatus. depend upon the following factors: Lack of protec­
tion, weak mechanical construction, incorrect ideas of what con­
stitutes adequate protection, the amount and arrangement of the 
internal unoccupied space, the compression of the gas within the 
machine, and the percentage of gas and the amount and distribution 
of coal dust. 

SPREAD OF EXPLOSIOXS FR01I UXPROTECTED APpARA'I'US. 

If the explosion is caused by unprotected apparatus the mixture 
surrounding: the equipment can reasonably be expected to ignite. 
Such an outside explosion in an anthmcite mine would proceed as 
far as the gaseous mixture extended, and in a bituminous mine, due 
to the explosibility of coal dust, it would probably continue through­
out the mine. In either eyent life and property may be lost. 

SPREAD OF EXPLOI'IOXI' FR01t IH1IAGED APPARxrrs. 

If the explosion takes place within apparatus of weak mechanical 
construction, walls will be distorted or destroyed, bolts will be 
sheared, seams and joints will be opened, and the explosion will 
spread to the outside with the disastrous results just mentioned. 
Much inadequate apparatus is used in mines, because many manu­
facturers do not realize the necessity of providing durable, rugged 
equipment for all kinds of mine work. For safety devices good 
mechanical construction is all the more necessary. The walls of such 
apparatus must be strong enough to withstand internal-explosion 
pressures so that no path will be made whereby the flames may escape 
through openings and ignite possible explosive mixtures outside. 

SPRK\D OF EXPr,OSIO~S THROUGH OPENI~GS IN APPARATUS. 

'Yhen oYerlookccl or aceidental openings, such as free space around 
the wires where they enter the casing, a path through oil wells, or 
a path caused by the omission of a bolt or cap-screw from an un­
bottomed hole, an internal explosion may possibly be propagated 
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through these accidental openings to the outside atmosphere with the 
disastrous effects already mentioned. 

An explosion within electric apparatus may also be propagated 
through intentional openings, such as relief openings and small open­
ings between flange joints, if such openings are not properly designed 
so as to cool the escaping flames below the ignition temperature of 
fire damp. 

EFFECT OF IXTERXAL SPACING ON INTERNAL PRESSUHE. 

Not only is the strengthening of the walls and relief openings of 
the apparatus necessary, but particular attention should also be given 
to the arrangement of the internal unoccupied space. If the explo­
sion hegins at one end of a long passage, a pressure wave will precede 
the flame wave. As this waye adyances the rapidity of combustion 
of the gases increases with. the increase in pressure and fm'ther in­
creases the compression of unburned gases ahead, so that when the 
flame wave reaches the other end of the passage the explosiyc mixture 
there is under so much pressure that ,vhen it is ignited ordinary 
casings will not be strong enough to withstand the resulting pressure. 

The same is true if two or morc compartments are connected. espe­
cially ,,,hen the opening between the compartments is such as to create 
a considerable pressure waye in udyance of the flame propagation. 
Therefore, long dra,Yn-out paths should be avoided as they affect the 
safety of the walls and as the yiolence of the flame propagation may 
be such as to force the flames through the protective devices or the 
flange joints. 

EXPLOSIO~ PTIESSURES OF lIIIXTI7RES OF GAS AND AIH. 

The physics department of the Bureau of Mines inyestigatecl the 
effect of con1.pression when explosi\'e mixtures of natural gas and 
air are ignited. 

A mixture containing about 8 per cent of natural gas (0-£ the com­
position given on page 82) under atmospheric pressure in a small steel 
chamber gave a maximum pressure of 74: pounds to the square inch as 
measured by a Crosby gas engine indicator. 

A mixture having the same percentage of gas, but under 10 to 12 
pounds above atmospheric pressure, gave a maximum pressure of 
about 135 pounds to the square inch. 

Although the aboye results are based on special conditions, and 
slight changes in temperature, size or shape of the chamber vmuld 
cause considerable difference in pressures, yet with other conditions 
constant, a slight increase in pressure plainly has a markerl effect on 
the violence of the explosion. 

Suppose the explosion takes place in a compartment where part.s, 
such as the armature of the motor, are in rotation, then, because of the 
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slight compression of the interior mixture by centrifugal force, the 
pressure produced by the explosion will usually be greater than that 
obtained when the motor is stationary. Sometimes the external 
gases are drawn into the motor interior immediately after an ex­
plosion and continue to burn. This action is usually termed" after­
burning." If afterburning is prolonged it will seriously damage the 
insulation. 

'Yhen the explosive mixture is composed of methane and air only, 
reasonably consistent results, so far as flame and explosive pressure 
are concerned, may be obtained, provided care is used to ignite from 
a given point a definite mixture that is uniformly distributed 
throllghout the interior of the apparatus. The pressure at any given 
point within the apparatus will depend on where the explosion was 
initiated, and, to a certain degree, on proximity to relief openings. 
At di ffel'ent points the pressure is greater or less, depending on the 
distance the flame has traversed before reaching that point and on 
the arrangement of the internal unoccupied space. 

If the explosive mixture in the inclosure contains between 8 and 9 
per cent of methane, the explosion ,,,ill be most violent, but not neces­
sarily most liable to cause an exterior explosion,a as experiments have 
demonstrated that a lower percentage of gas will cause flames to pass 
more easily through holes or gauze-type protective devices. 

EYFECT OF COAL DUST IN THE APPARATUS. 

Coal dust may be present in the gaseous mixture as a dust cloud, 
the density of 'which is a variable quantity and difficult to meaSllre 
or duplicate under commercial testing conditions. Or the dust may 
be in the form of a deposit, various amounts of which may be stirred 
up by the force of the explosion. Some of these coal particles are 
distilled, some are decomposed and enter into the combustion, some 
are driven out through the openings in an incandescent state. Tests 
made by the Bureau of Mines haYe not definitely shown that the 
presence of coal dust within the apparatus increases the danger of 
explosion. In some tests the pressure was increased. Undoubtedly 
the decomposition of the constituents of coal abstracts heat from the 
gas Hames and cools them. I:f a dust cloud of just the proper density 
were present, it might conceivably increase the combustion and con­
sequently the pressure. 

In certain designs of protective deyices the coal dust partly blocks 
the exhaust openings and increases the pressnre. 'Vhen incandescent 

a von Beyling, -, Vel'suche zwecks Erprobung del' Schlagwettel'sichel'heit besonders 
geschlitzter elektrischer )Iotoren und Appal'ate sowie zur Ermittlung geeigneter Schlitz.. 
vorrichtnngen fur sOlche Bc-triebsmitteJ. AusgefiH1l't auf del' bel'ggewerkschaftlichen 
Versuchstl'eckc in Gelscnkirchen, 1906, 89 pp. 
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particles are forced out into the surrounding atmosphere, they cool 
almost instantly and are above the ignition temperature of methane 
for so short a time that they probably can not ignite fire damp and 
thus cause an explosion. 

CONSTRUCTION OF EQUIPMENT. 

The chief problem confronting the manufacturer of apparatus 
suited for fire damp atmospheres is that of extracting heat from 
possible explosion flames and of cooling them below the ignition 
temperature of methane (650 0 C.) as they pass through the openings. 
Cooling may be the result of contact of the flames with metallic 
joints or openings through which they pass or by sudden expansion 
of the gases from a comparatively high pressure within to the atmos­
pheric pressure without, or by both. In fact, while one or the other 
of the above conditions may predominate, some cooling and some 
expansion will always take place, as the escaping flames must come 
in contact with the sides of the openings and the internal pressure 
exceeds atmospheric pressure. 

Apparatus of this kind can be classified as follows: Class 1, gas­
tight apparatus; class 2, totally inclosed apparatus; class 3, partly 
inclosed apparatus. 

GAS-TIGHT APPARATUS. 

Class 1 includes apparatus made ,yith absolutely gas-tight com­
partments. Such apparatus is not practical for mine service, because 
of the difficulty of inspection and of making renewals. Moreover, 
the ordinary materials used in packing joints would deteriorate in a 
mme. Therefore, this class of equipment has been used but little. 

TOTALLY-IX CLOSED APPARATUS. 

Class 2 includes apparatus that has no openings, except flange 
joints, the openings of which can be closed tight enough to prevent 
explosions within the apparatus from spreading to the surrounding 
atmosphere. Obviously, a given size of motor, when used in a 
totally-inclosed machine, must be rated somewhat lower than when 
used in one that is ventilated. Apparatus of this class has, however, 
the advantages of simplicity of design, slight deterioration, and free­
dom from excessive dust troubles. 

PARTLY-INCLOSED APPARATUS. 

Class 3 includes apparatus with openings that afford a certain 
amount of ventilation-openings in which are placed heat-abstract­
ing devices, in this paper called" protective devices." The flange 
joints are of the same characteristics as those of the second. class. 
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The design and maintenance of safe protecti,'e devices is the chief 
problem of apparatus of this class. 

GENERc\L Rl'LES Fon COSSTUrCTIOX. 

Apparatus for mine service should be especially strong and durahle. 
This insures that under the severe use to which it will be subjected 
parts will not be distorted; that the mass will be rigid enough to 
permit the construction of carefully designed, machined joints; and 
that the casing will be strong enough mechanically to withstand any 
pressure that might be deyeloped by internal explosions. 

All joints between sections of compartments 01' hetween covers and 
compartments should be flanged joints. The surfaces of such flanges 
should have at all points a minimum metal-to-metal contact at least 
1 inch wide. 

The joints of totally inclosed apparatus or of apparatus haYing one 
or more totally inclosed compartments, require special consideration, 
as the pressure deVeloped in such apparatus during an explosion is 
necessarily higher than in apparatus proyided with relief openings. 
Such joints must he held together with a sufficitmt number of bolts 
or studs properly spaced and strong enough to maintain a uniform 
bearing. A small opening along the flange when such joints are prop­
erly designed does not necessarily make the apparatus dangerous, as, 
owing to the smallness of the opening, the flames are cooled both by 
contact with the flanges and by expansion as they pass to the sur­
rounding atmosphere. 

COXSTRUCTIOX OF PROTECTIVE DEVICES. 

WIRE GArZE PUOTEC'TIOX. 

The earliest protective device known is "ire gauze, used by Sir 
Humphrey Davy and his contemporaries on the HUllers' flame safety 
lamp. From its long use on such lamps this type of protection is 
well known. The gauze gives excellent protection for the small 
volume of gas found in an ordinary flame lamp, especially if the 
lamp is proyided with a shield that prevents direct impact of mmTing 
currents of fire damp on the gauze. 

:Motors and other apparatus usually have much more nnoccupied 
space, and therefore require many layers of gauze of considerable 
arCH. O,ying to the lack of mechanical strength, gauze of this area 
must have reinforcement in order that the device can withstand ex­
plosion pressmes. The layers of gauze are usually separated by 
metal grids or punchings that serve as spacers and supports for the 
gauze. 'Vhen these grids are tightly bolted or riveted together the 
gauze is held in place rigidly. The grids or punchings, also, abstract 
heat from the flames. 
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In this type of protective device so many layers of gauze are neces­
sary to insure good protection that the ventilation of the apparatus 
is greatly reduced and the pressure developed approaches the condi­
ti9n of a totally inclosed equipment. ProtectiYe devices of the wire 
gauze type should be well shrouded to keep out dust. 

PLATE PROTECTION. 

As has already been stated wide flanges abstract heat from flames 
passing through flanged joints. Plate protection does the same on a 
larger scale. A large number of thin plates are separated by other 
plates or spacers, and are rigidly riveted or bolted together. They 
require more space than heat abstractors of the gauze type, but they 
permit better ventilation. Because this type has comparatively large 
openings through which the pressure is relieYcd, the internal explo­
sion pressure deycloped is correspondingly 10\\'er. This type should 
also be weU shrouded in order to keep out dust. 

GE?,ETIAL I:EQrIRE~fENTS. 

The preceding types were used in the apparatus submitted for ap­
proval, how eYer, other designs also have been used_ The aim in all 
designs is to bring the hot flantes in contact with as large all area of 
metal as possible. 

PTotectiY<:~ devices in order to be practical must have mechanical 
strength, durability, uniformity, and simplicity of parts, and protec­
tion from dust and mechanical injury. 

Mechanical strength is needed to insure a permanent and definite 
relation of parts in spite of senre mine senice or strains resulting 
from internal expl.osions. 

The elements making up the device should be durable and not 
affected by heat or moisture. 

A certain simplicity and uniformity of construction should be used 
in order that the devices shall have an identical assembl~' for all 
equipments, and that mistakes shall not be made in assembling or in 
reassembling after inspection. The flame safety lamp is a good ex­
ample of this 1'01', although not "fool proof," it is so constructed that 
a mistake in assembly is inexcusable. 

Such devices should always 00 protocted from the accumulation .of 
coal dust by making the ports on the side or bottom of the apparatus 
instead of on the top, Hnd the interior cou::;trllction, as far as possible, 
should be designed to prevent the collection of coal dust. The pro­
tectiye devices should also be well protected from mechanical injury. 
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SCHEDULES ISSUED FOR TESTING EXPLOSION-PROOF EQUIPMENT. 

Schedule 2, approved by the Secretary of the Interior, October 26, 
19i1, was the first schedule issued. This schedule stated fees that 
would be charged and conditions and requirements under which tests 
of explosion-proof motors would be made. One investigation was 
completed under its regulations. Schedule 2A a, revised edition of 
Schedule 2, was issued November 2, 1915. The remaining investiga­
tions reported in this bulletin were made under its regulations. The 
full text of Schedule 2A follows: 

PROCEDURE FOR ESTABLISHING A LIST OF PERMISSIBLE EXPLO­
SION-PROOF ELECTRIC MOTORS. 

GEXERAL STATE:lIEXT. 

An act of Congre&s (37 Stat., HSl) approved Febru<lry 25, H113, contains the 
following provision in regal'll to tests performeu by the Bureau of Mines; 

That for tests or investigations antllOri7,eil hy the Secretary of the Interior 
under the provisions of this act, other than those performed for the Govern­
ment of the United States, or State governments within the United States, a 
l'pasonable fee covering the necessary expenses shall be charged aecorcling to a 
schedule prepared by the Direetor of the Bureau of Mines and approved by the 
Speretary of the Interior. who shall prescribe rules and regulations under 
which such tests or investigations may be marIe. All moneys received from such 
sources shall be paid into the Treasury to the -credit of miscellaneous receipts. 

The Bureau of ~Iines is making tests at its Pittsburgh experiment station in 
the endeavor to establish a list of permissible explOSion-proof electric motors for 
nse in mines. This schedule is issued for the information and guidance of 
those who may desire to submit equipment for test. It supersetles Schedule 2 
j1'sueil under date of January 1, 1912, and goes into effect on approval by the 
Secretary of the Interior. 

DEFIXITIO~ OF "EXPLOSIO~ PROOF." 

The Bureau of ~lines has applied the term "explosion proof" to motors 
constructed so as to preyent the ignition of gas surrounding the motor by any 
spar!;:s, flashes, or explosions of gas or of gas antl coal dust that may occur 
within the motor caSing. 

DEFI~ITIO~ OF " PER:lIISSIBLE." 

The Bureau of ]\Iines consillers any motor to be permissible when it is the 
same in all respects as u sample motor that has passed certain tests made by 
the bUl't'au and when it is installed amI used in accordance with the conditions 
prescribed by the bureau. 

CONDITIO~S UXDER WHICH :lIOTORS WILL BE TESTED. 

The conditions under wllich the Bureau of ~Iines will examine and test 
explosion-proof motors to establish their permissibility arc as follows; 

• Procedure for establishing a list of permissible explosion-proof electric motors for 
mines, fees. character of tests, and conditions under which motors will be tested, Schedljle 
2A. Bureau of Mines, Nov. 21, 1915, 11 pp. 
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1. The tests will be made at the experiment station of the Bureau of Mines 
a t Pittsburgh, Pa. 

2. Applications for tests shall be addressed to the Director, Bureau of Mines, 
Washington, D. C., and shall be accompanied by a certified check or draft 
made payable to the Secretary of the Interior to cover the fees, and by the 
information specified below: 

(a) The complete rating of the motor in accordance ,,'ith the 1914 stand-
ardization rules of the American Institute of Electrical Engineers. 

(1J) Dimension drawings that show clearly-
The size and general appearance of the motor casing. 
The size and details of the protective devices and their relative arrange­

ment on the motor casing. 
The relative arrangement of the parts within the motor casing. 
The same information in regard to the starting rheostat amI controlling 

appliances as is requesed for the motor. 
Any other drawings necessary to identify or explain any feature that js to 

be considered in the approval of the motor or its accessories. 
A copy of the description and a duplicate set of the drawings shall be sent 

to the electrical engineer, Bureau of Mines, Pittsburgh, Pa. 
3. As soon as possible after the receipt of application for test the manu­

facturer will be notified of the date on which his motor will be testeu. 
4. The manufacturer is to deliver to the Bureau of Mines, Pittsburgh, Pa., 

one week prior to the date set for the test, the motor that he desires tested, 
completely prepared for test in every particular. If requested to do so, the 
lllanufacturer shall provide a man to assist in mounting the motor and connect­
ing it for test; and the manufacturer, if he so desires, may have a representative 
present throughout all the tests. 

5. ::\"0 one is to be present at the time these tests are made except the 
necessary Government officers at the experiment station, their assistants, the 
representative of the manufacturer of the motor under test, and such other 
persons as may be mutually agreed upon by the manufacturer and the repre­
sentatives of the bureau. 

6. I\O tests leading to an approval will be made of any motor unless it is 
in the completed form in which it is to be put on the market. 

7. The tests will be made in the order of the receipt of application for them, 
provided that the necessary equipment is submitted at the proper time. 

8. 'l'he details of the results of the tests shall be regarded as confi(lential by 
nil present at the tests and shall not be made public in any way prior to the 
formal approval of the motor by the Bureau of l\lines. 

REQUIRE3IENTSFOR APPROYAL OF 3IOTORS. 

The qualifications that an explosion-proo~ equipment must have to pass suc­
eessfully the inspection and tests requin'dhy the bureau are stated below: 

CO;-; ";TRUCTION. 

The construction of permissible explosion-proof motors and their accessories 
must be especially durable. This requirement will be applied consistently to 
all the details of the machine, as well as to its prinCipal parts, in order that 
there lllay be assurance that, under the severe conditions imposed by mining 
f;prvice, the expIOf;ion-proof qualities of the equipment will remain unimpaired. 

The protective devices used with permissible explosion-proof motors must not 
only he capable of preventing the passage of flames from the interior to the 

137337°--20----2 
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exterior of tlw motor casing, but must a Iso po~sess sufficient mechanical 
strength to insure against the accidental destruction of their prospective quali­
ties. If there are moving parts in connection with such devices, these pal·ts 
should be so designed that there can be no interference with their movement. 

All leads entering explosion-proof casings should pass through the casing in 
the form of properly protected insulated studs of approved design. The use 
of rubher bushings will not be approved because the bushings may become dis­
placed and thus destroy the explosion-proof quality of the casing. 

COXTROLLI,,\G APPLL\"\CES. 

Starting rheostats and other necessary equipment that may cause an igni­
tion of gas must be protected as adequately as the motor itself. The casings of 
starting rheostats must be explosion proof. The resistances and contacts' of 
the starting rheostats used with portable motors of not more than 50-horse­
power capacity should be inclosed in the same box, unless inclosed in separate 
boxes connected by approved piping through which all leads are carried. 

The casing of the starting rheostat should be mounted on the motor casing, 
if possible, and the intercommunicating openings for the passage of leads 
should be made large in order to prevent the rise of pressure that always at­
tends the propagation of an explosion through a small hole from one com­
partment to another. 

If it is not possible to mount the starting rheostat on the motor frame, all 
leads conupcting the starter with the motol' should be carried in rigid metallic 
conduit 

Unlpss means for opening the circuit both automatically and by hand are pro­
vided in a separate pxplosion-proof caSing, they should be incorporated in the 
design of the starting rheostat, If the starting switch is mounted on the frame. 
of the motor, provision I'hou1<1 he made for entirely disconnecting the electric 
circuit from the starting switch. 

All joints in the casing of a motor or of any of its accessories must he rnetal­
to-metal joints with facps not less than 1 inch wide, and if the pressure de­
veloped in the motor casing by explosions exceeds 50 pounds per square inch 
the faces must be not less than H inches wide. All bolt holes in casings must 
be bottomed or so arranged that the accidental omission of a bolt will not give 
an opening through the caSing. All openings in the motor casing other than 
those provided with protective devices by the manufacturers must be tightly 
closed. It is desirable that such openings be as few as possible. There should 
be no exposed terminals or contacts outside the motor casing. If there are 
glass-covered openings in the caSing of a motor, the glass should be of ample 
thickness and should be protected by strong metal covers that close automati­
cally unless held open by hand. Armature bearings must be so designed that 
under no circumstances can an explosion be propagated from the interior of the 
motor casing around the armature shaft or through the oil wells. 

CABLE REEL ANn TRAIU"\G CABT.E. 

If there are any sliding or rubbing contacts in connection with the cable 
reel, such contacts should be provided with explosion-proof protection, and any 
plug connections should be constructed so that they will be explosion proof. 
At the point where the trailing cable enters or joins the frame of portable 
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electric equipment, there shall be provided means for minimizing abrasion and 
preventing short bends from occurring in the cable. There shall also be pro­
vided an insulated clamp of approved design for securely fastening the cable 
and taking all mechanical strains that may be put on it. 

CHARACTER OF TESTS TO "WHICH :lcIOTORS WILL BE SUBJECTED. 

In testing a motor to establish its permissibilit~ .. the motor casing will be 
filled and surrounded with the most explosiye mixture of Pittsburgh natural 
gas and air. The motor will then be operated at its rated speed and the mix­
ture within the casing ignited by a spark plug, by a spark from the motor 
brushes, or by any other means that simulates the conditions of actual practice. 

Similar tests ma~" also be made with greater and with less amounts of gas 
in the explosiye mixture and with coal dust sifted into the motor casiIig 01' 

into the protective devices. 
Tests will also be made to determine tllP point of ignition that giYes the 

greatest pressure, and tests will be. made by igniting from such a point. Not 
Jess than 50 tests of all kinds will be macIe, and more than that number may 
be made if, in the opinion of the bureau's engineers, more tests are necessary 
to prove the permissibility of the motor. In order that a motor shall pass 
the~e tests, it shall tn none of them cause an ignition of the gas surrounding 
the motor or discharge flames from any part of the motor casing. Neither 
shall the motor develop dangerous aftel'burning a or excessive pressure in the 
casing of the motor or its starting rheostat. 

Even after having passed the tests just described, motors or equipments 
,,;ill not be regarded as permissible if used under any of the conditions out­
lined below: 

If used without the caution plate mentioned hereafter. 
If used with openings in the motor caSings other than those openings 1ll'0-

Yided with protective devices by tile manufacturer. This condition ref(,1'8 to 
all openings but especially to removable covers. 

If tile motor or equipment when in operation is ~lOt complete with all of the 
parts considered in the approval of the motor or equipment. 

CAUTION AND APPROVAL PLATES. 

As part of the protection of a permissible motor, the manufacturer shall 
be required to attach to the motor frame a metal plate inscribed as follows: 

CAUTIOX. 

The permissibility of this motor depends on the absence 
of any openings in the casing other than those provided 
with protective deyices by the manufacturer. 

Coyer plates should be screwed on tight and the casings 
frequeI\tly inspected for improper openings. 

a The term "afterburning" as used in this schedule is applied to the combustion, im­
mediate!;)' after an explosion within an explosion-proof casing, of a gaseous mixture that 
was not within the casin~ at the time of the explosion, but was drawn in subsequently 
while ihe products of the explosion were cooling. 
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The manufacturt'r ::;hal1 be permitted to attach to the motor frame u plate 
insrribed UR follows: 

.------------------------------------------------~ 

PElun:-;:-;IBLE EXPLOi"IOX-PROOF )IOTOU (On 
EQ{;IP)lE~T). 

Approyal Xo. 

Issued to the-e-------Company. 

The size, material, and design of both mution and approval plates ~hall meet 
with the npproval of the bureau. 

The caution and statement of apllroyal lllny be combined upon a single plate, 
a suggeste(\ form for "'hich is shown below: 

PEn)IISSIBLE EXPI.OSIOX-PROOF COAL-CUTTING 
EQUP)lEXT. 

Appronll Xu. 

Issued to thee-------'Col11pany. 

CAr'no~ 

The permissibility of this equipment (ll'pends on the 
ain,;ence of any openings in the casings other than those 
provided \yith protective tlf'ViceR by the manufacturer. 

Cover plates should be screwed on tight and the casings 
frequently inspected for improper openings. 
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NOTIFICATIO::-' 01" 3IA:XUFACTURER. 

As soon as the bureau's engineers are satisfied that a motor is permissible for 
use in places where gas may occasionally be present in explosive proportions, 
the manufacturer shall be notified to that effect. 

As soon as a manufacturer receives formal notification that his motor has 
passed the tests prescribed by the bureau, he shall be frpe to advertise such 
IlIotor as permissihle and may attach approval plates to such motors. 

DRA WIXGS OF APPROVED MOTORS TO BE nLED. 

AI'; the safety of an explosion-proof motor depends largely on its construction, 
the approval of a motor must identify the details of construction on which the 
approval is based. This identification will be accomplished by reference to a 
list of drawings and photographs that describe in detail such parts as directly 
or indirectly afff'ct the safety of the motor or any of its accessories. Each list 
of drawings will be given a number to facilitate reference. A copy of each 
drawing will be filed with the Bureau of Mines. 

SCOPE OF APPROVAL. 

r 
The bureau's approval of any motor shall be construed as applying to all 

motol'S of that specific t~-pe, class, form, and rating, made by the same manufac­
turer, that have the same construction in the details directly or indirectly af­
fecting the safety of the motor, but to no other motors. 

Manufacturers shall, before claiming the bureau's approval for any modifica­
tion of an approved motor, submit to the bureau drawings that shall show the 
extent and nature of such modifications, in order that the bureau may decide 
wlwthf'r test of the remodeled motor will be necessary for approval. Each 
approval of a permissible motor will be given a serial number. 

WITHDRAWAL OF APPROVAL. 

The burf'au rf'RerYf'S the right to rescind for cau"e, at any time, any approval 
granted umler the conditions herein set forth. 

TESTS OF STORAGl;;-BATTERY LOCO::\<[()TIVES. 

Storage-bnttE'r~- locomotiyes may he submitted for test under this schedule. 
Their construction shall comply with the spirit of the g!'nel'al specifications for 
motors. 

The motors, controllers. and resistances of storage-battel'y locomotives shall 
be explosion proof, and all intereonnef'ting wiring shall he run in metallic con­
duit. The battery cells shall be installed in n locked inclosure which shall be 
protected in a manner eonsistent with the spirit of the specifications for the 
remainder of the equipment. 

FEES FOR TESTIXG K"PLOSIO~-PROOF )IOTORS, COAJ~-CUTTI~G EQUIP)IEXTS, 

AND LOCO)IOTIVES. 

The following fees to be charged on and after the da te of approval of this 
schedule have been established and approved by the Secretary of the Interior: 

ITEM 1. COMPLETE TESTS. 

For an official investigation consisting of 50 tests of an explosion-proof 
motor or coal-cutting eqUipment, to determine its permissibility for Ufle in gaseous rnines ___________________________________________________ $175 
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!TElII 2. EXTRA TESTS INVOLVING NO PREPAl~ATION. 

It is estimated thnt 50 tests should be sufficient to determine the permis­
sibility of the average motor or equipment offered, but the design may 
be such as to require more than this number of tests to determine the 
point at issue. For additional tests that involve no special preparation 
(for each 5 tE'sts or fraction thereof) ________________________________ 5 

ITE~[ 3. SPECIAL TESTS INVOLVING PREPARATION OF EQL"IPMENT. 

Special tests involving preparation of equipment during the course of the in­
H'stigation will be made at the request of tlle manufncturer and will be charged 
for in accordance with the work involved. A deposit of $100 will be required 
to cover special tests, but the entire amount will be refunded if no special 
t,'sts are made. 

ITEM 4. TESTS OF STORAGE-BATTERY LOCOMOTIVES. 

The expense of testing storage-battery locomotiws in the present state of 
the art can not be determined exactly and such tests will be charged for in 
accordance with the work invoh·ed. A deposit of $200 will be required for 
such locomotive tests. If the expense of testing is less than $200, the balance 
will b(' refunded. 

The fees specified above may be increased to cover the cost of testing an 
unusually complicated tyve of equipment, and arc also subjpct to change on 
the recol'nmendntion of the Director of the Bureau of Mines and the approval 
of the Secretary of the Intel·ior. 

SYNOPSIS OE' PROCEDURE TO BE FOLLOWED IN l\IAKING APPLICATION FOR 

TESTS, SUIDIITTIXG MATERIAL, CONDUCTING TESTS, AND KOTIFYING AP­

PLICANT OF RESULTS. 

1. Application for tests should be addressed to the Director of the Bureau 
of l\Iines, "Washington, D. C. This application should be accompanied by check 
or draft made payable to the Secretary of the Interior, and by a complete rat­
ing of the motors to be tested, and a set of the drawings described under tile 
foregoing heading, "Drawings of Approyed Motors to be Filed." Duplicate 
copies of the application and drawings should be sent to the electrical eLgin eel', 
Bureau of l\fines, Pittsburgh, Pa. 

2. As soon as the application has 1)('en reviewed by tile hureau's engineers 
the applicant will be:) notified of tIl(' date of tests. 

3. After the applicant has received this notification, he should send the ma­
terial required to the electrical engineer, Bureau of l\Iines, Pitt~burgh, I'a. The 
material should be delivered not Ips" thnn one week in advance of tile date set 
for the beginning of the tests. 

4. The tests will be begun on the date set awl continued until the motor has 
been approved, rejected, or withdrawn. 

5. After the bureau's engineers have considered the results of the tests, a 
formal report of the approval or disapproval of the motor will be made to the 
applicant ill writing by the Director of the Bureau of l\Iines. No verbal re­
port will be llleule, and the dl'tails of the tests must be regarded as confidential 
by all prel-'ent. 

Approved Xuv. 2, 1915. 
Bo f;WEE:'>EY. 

Alisisiant /Seeretary. 

VAN. H. l\LL"KING, 

Director. 
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GAS AND EQUIPMENT USED. 

GAS. 

N" atural gas composed a approximately of 82 per cent methane, 16.4 
per cent ethane, 1.5 per cent nitrogen, and a trace of carbon dioxide 
was used in all tests. The term" gas" used in describing tests refers 
to this natural gas. 

The most explosiye mixture b of such gas and air is in the propor­
tion of 8.6 to 91.4. Such a mixture also burns most rapidly and gh'es 
Oll the greatest amount of heat. 

TESTING EQUIPMENT. 

This investigation was conducted chiefly with apparatus described 
in detail in the report of the preliminary inyestigation.c As the 
principles governing the tests were the same for both the old and new 
equipments, the old equipment will not again be described. The 
bureau, jointly with the Jeffrey Manufacturing Co., designed a new 
testing outfit, which was built and installed as a gift to the bureau 
by the manufacturers of explosion-proof apparatus. 

The complete testing gallery consists of the following parts: 1, An 
explosion chamber in which tests are made; 2, a £an and piping sys­
tem for mixing and circulating the explosive mixture in the explosion 
chamber and in the equipment under test; 3, a switchboard on which 
is mounted the electrical controlling apparatus and wiring for direct­
ing the action of the gallery; 4, a crane surmounting the gallery 
equipped with a 3-ton electric hoist; 5, other miscellaneous apparatus, 
including a gas meter £01' measuring the gas admitted, a pressure in­
dicator that can be attached to the casing of the apparatus to record 
the pressure developed therein by the explosion, and spark plugs that 
can be mounted in the apparatus to initiate explosions at desired 
points. 

EXPLOSIOX CHA~IBER. 

The explosion chamber consists of a cylindrical steel tank with an 
internal diameter of 10 feet and a height of 4! feet. The cylinder sits 
in the recess of an iron channel ring embedded in a concrete base. 
The joint between the bottom of the cylinder and the channel iron is 
made gas-tight by a water seal. 

a Hall, Clarence, Snelling, 'Y. 0., and Howell, S. roo Investigations of explosives used 
in coal mines, with a chapter on the natural gas used at Pittsburgh, by G. A. Burrell, 
and an introdudion by C. E. Munroe, Bull. 1u, Bureau of Mines, 1912, p. GG. 

/, Hal!, Clarence. Snelling, ,Yo 0., and Howell, S. roo Work cited, p. 77. 
c Clarl., H. H., Investigation of explosion-proof motorB, Bull. 4G, Bun'au of Mines, 

1912, 44 pp. 
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Plate I, A. shows the chamber closed and the operator at one obser­
vation window about to witness a test; at his right is the firing 
switch to which are connected flexible leads, a,. b is the ignition line 
from the spark coil. There are four of these observation windows 
equally spaced around the cylinder. Plate I, B shows a closer view 
of these windows and the shrouded hood for protecting the operator 
from flames issuing from the top of the chamber. Canvas curtains 
that fit oyer the hoods may be used to darken the interior and to en­
able the observer to see better the results of the explosion .. In this 
Yiew the coyer or top of the chamber is shown· raised in position for 
airing out the chamber and also to permit, the operator to enter and 
to make necessary connections, changes, or inspection. When the gas 
within the inclosure is exploded the pressure is released through the 
oiled-paper heads a, Plate I, B. These heads are held in position by 
iron rings, b, with rounded edges that fit closely in grooves. When 
the gallery is not in use the heads are protected from the weather by 
sheet-iron covers. The rim (J of the top sits in the channel d, when 
the chamber is closed for test, and a gas-tight joint is obtained by 
filling the channel with either grease or ·water. 

FAX AXD CIRC"LLATIXG SYSTEM. 

Figure 1, a diagram of the testing apparatus, shows clearly the 
arrangement of piping, Yalves, etc., of the circulating system, also 
shown in part in Plate II, A.. By means of this apparatus a uniform 
mixture of gas and air may be obtained in the chamber as well as in 
the motor or other apparatus under test. The mixture is discharged 
into the bottom of the chamber at two diametrically opposite points. 
These discharge points or outlets are about six inches from the 
cylindrical wall and are so formed as to give the mixture a rotary 
motion, thus effectively mixing the gallery atmosphere with the en­
tering gas. The main suction line from the fan enters the chamber 
floor near its center. By proper manipUlation of valves an auxiliary 
suction line is used ",hen filling the machine to be tested with the 
explosiye mixture. 

SWITCHBOARD. 

On the switchboard shown in Plate II, B are mounted the con­
troller a, for operating the crane-hoist motor, and the switch mechan­
ism b that times the ignition with the release of the indicator drum 
and the switch for operating the circulating fan and other circuits 
connected with the testing gallery. 

Below the switchboard are shown the chains (J that are used to 
open and close valves in the piping connections of the apparatus 
under test, thus permitting the operator to fill one or more compart­
ments of the apparatus with the gaseous mixture. 
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CRANE. 

Plate I, A, shows the gallery superstructure a:ld the hoist used in 
connection with the testing gallery. The 3-ton hoist (J raises and 
lowers the cover, or transfers apparatus in or out of the chamber, 
and when necessary lifts the cylinder from the concrete base. The 
ropes e are attached to the hoist and are used to pull it in either 
direction along the I-beam d. 

After each test the cover is raised to air out the chamber and to 
permit the operator to enter it. As the entire top of the chamber 
can be lifted, the gas can be removed quickly and there is little delay 
between tests. 

APPLICATION OF SCHEDULE 2A TO THE TESTING OF COMMERCIAL 
EQUIPMENT. 

ASSISTANCE RENDERED BY THE MANUFACTURER. 

The manufacturer who submits equipment for test is required to 
furnish one man familiar with the equipment to assist with the in­
vestigation. This man mayor may not represent the manufacturer 
as a witness at the tests. His chief service to the bureau is to assist 
in setting up the equipment for test and in making any changes 
necessary in the progress of the investigation. The manufacturer 
is expected to prepare the equipment for test in so far as concerns 
drilling holes and tapping holes for the circulating pipes, pressure 
gage, and spark-plug connections. This work is laid out by the 
bureau's engineers and then done either at the bureau's machine 
shop or at some nearby plant by the company submitting the ap­
paratus. 

FACTORS CAUSING DELAY. 

In the bureau's tests of commercial equipment there are several 
causes of delay that have considerably increased the expense to the 
several submitters. By noting the following deficiencies future ap­
plicants may avoid similar troubles. Almost all equipments sub­
mitted have had holes through the casing walls instead of bottomed 
holes or some other means of preventing an accidental opening by 
the omission of a bolt, although this is contrary to the schedule re­
quirement. In many equipments the flange making up the flange 
joint is not effective either because of higher internal pressures 
than were expected or of insufficient contact of the metal at certain 
points where the castings do not align properly or where material 
is insufficient. Excessive pressure in the final compartment of the 
series, caused by the propagation of explosions from one compart­
ment to another, has made changes in design necessary and has 
seriously delayed the tests. 
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DRAWINGS. 

In those investigatIOns connected "with small apparatus, such as 
flame or electric lamps, the bureau retains a sample of the lamp 
tested as a permanent record, so that a comparison can be made at 
any future time to determine whether the manufactured product has 
changed. For coal-cutting equipment this practice evidently is not 
feasible. In order, however, that the bureau shall have a concise 
Tecord of the equipment tested, very complete drawings showing the 
details of construction, materials used, and in every way identifying 
the equipment approved are required. These drawings together 
with photographs of the equipment make up a "drawing list" kept 
on permanent file with the bureau. 

That modifications of the design will be necessary from time to 
time is recognized, and the schedule takes care of such contingencies 
by requiring the manufacturer to submit drawings that show the 
extent and nature of such changes, in order that the bureau may 
decide whether or not further tests are necessary. 

As the approval covers only apparatus built in accordance with 
the drawing list, which is revised to take in all authorized extensions, 
of approval, any modifications made in the construction of approved 
apparatus without the bureau's knowledge renders the approval void. 

In applying any schedule to the testing of commercial equipment, 
points will come up that are not entirely covered by the schedule. 
An endea"yor is made to handle such points to the satisfaction of the 
parties interested. The intent of a schedule is to direct investiga­
tions and give fundamental rules for testing and approving equip­
ment. The details for individual cases should be worked out with the 
object of the approval system in mind, namely, the development of 
equipment that will safeguard the life of the miner. 

INSPECTION AND MAINTENANCE OF APPROVED EQUIPMENT . 

. The bureau's tests coyer only the examination and test of one equip­
ment. N either funds nor men are a vnilable for establishing systematic 
factory inspection of approved equipment. Therefore, the reliability 
of approved equipment must rest to a considerable extent with" the 
manufacturer, who is responsible for placing the permissible stamp 
on each individual equipment. Some manufacturers, recognizing this 
responsibility, have established special regulations that require a 
rigid certified inspection of each approved equipment at the factory. 
Such regulations promote safety and hence are highly commendable. 

The bureau's approval is based on satisfactory operation under 
senice conditions. As a result of field investigations additional 
modifications ha ye been recommended, and these recommendations 
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were promptly taken under consideration and acted on by manufac­
hIrers. Such a spirit of cooperation between the bureau and the 
manufacturer to make approval apparatus safer can not but favor­
ably impress the mine operator and the miner. 

Not only is the manufacturer expected to do his part, but the 
purchaser of approved equipment should have an equal interest in its 
proper maintenance. Both the user and the manufacturer have 
claimed occasionally that such apparatus would not be kept clean or 
would not be properly assembled after inspection. Such statements 
show a wrong attitude toward safety equipment. The miners' safety 
lamp is cleaned and carefully assembled by a trusted employee. The 
safety catches on a shaft cage are kept in working order. If this is 
true, then the employee who has the maintenance of approved coal­
cutting equipment could be so trained that he will see in it a safety 
apparatus, one in which to take pride, to inspect, to assemble 
properly, and to keep at all times in a safe condition. The operator 
should share with the bureau and the manufacturer the responsi­
bility for continuing the safety of approved equipment. 

EQUIPMENTS APPROVED AND DESCRIPTION OF TESTS. 

APPROVALS GRANTED UNDER SCHEDULES 2 AND 2A. 

The coal-cutting equipments and accessories ~\Yhich han been tested 
and apprond under schedules :2 and 2A are as follows: 

APPROVED EQUIMENTS. 

Appronll Xo. 100, Sullivnn' CE-7 (1. c. mnchine with 2GO-volt motor. 
Approval No. 100A. Sullivan C:E-7 d. c. machine with 500-volt motor. 
Approval No. 101, Goodman 23-C d. c. machine with 210-volt motor. 
Approval No. lOlA, Goodman 23-C d. c. machine with 500-volt motor. 
Approval No. 102, Jeffrey 28A d. c. machine with 250-volt motor. 
Approval No. 102A, Jeffrey 28A d. c. machine with 500-volt motor. 
Approval No. 103, Jeffrey 35B d. c. machine with 250-volt motor. 
Approval No. 103A. Jeffrey 35B d. c. machine with 500-volt motor. 
Approval No. 104, Sullivan CE-7 a. c. machine with 220-volt motor. 
Approval No. 104A, SulliYan CE-7 a. c. machine with 440-volt motor. 

TEST PROCEDURE. 

All apparatus submitted for approval under schedule 2A is first 
given a preliminary inspection to detect faults of design or construc­
tion not consistent with the schedule of requirements. After this 
the apparatus is tested in gas for safety from ignition of fire damp. 
The cycle of operation made for a given test is as follows: 

1. The equipment is placed in the testing gallery and is piped to 
the gas-circulating system so that any or all compartments can be 
filled with a mixture of gas and air. 
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2. Arrangements are made for the installation of spark plugs at 
different points in order that the point of ignition shall be under 
the operator's control. 

3. Provision is also made to connect a pressure indicator at 
different points in order to obtain a record of the pressure developed 
by the explosion in the compartment under observation. 

4. In tests to determine the effect of the presence of coal dust in the 
atmosphere, the dust is sifted into the openings or into the compart­
ments proper. 

5. vYhen the spark plug and pressure indicator have been con­
nected at the desired points, the testing gallery is closed, and an 
explosive mixture of gas and air is made by adding the proper 
quantity of gas and thoroughly mixing it with the air. 

6. The explosive mixture is then drawn into the compartment or 
compartments under test. 

7. Observers are stationed at the observation \vindo\ys of the 
gallery. 

8. The mixture within the compartment is ignited by means of 
the spark plug, and this ignition is automatically timed with the 
release of the indicator drum to give a satisfactory pressure diagram. 

9. Obsenations are recorded. 
10. The gallery is opened and the gas mixture remoycd by the 

circulating system. 
11. The operator enters the gallery, makes his inspection, removes 

the indicator card and prepares the motor for the next test. 
The percentages of gas generally used in the tests are 8.6 and 7.0, 

both with and without coal dust. 
During these tests the gas mixture sUlTounding the apparatus 

must not ignite, flames must not pass through the flange joints, bear­
ings or protective devices, and prolonged afterburning or excessive 
pressure must not develop in any of the compartments. 

SULLIVAN DIRECT-CURRENT COAL-CUTTING EQUIPMENTS, AP­

PROVALS NO. 100 AND 100A. 

The Sullivan Machinery Co. of Claremont, N. Hi, made ap­
plication under Schedule 2 for the test and approval of a 250-volt 
equipment and submitted a machine equipped with a 250-volt motor 
for inspection and test. Later a request was made for the approval 
of a 500-volt equipment .. The company was not required to submit 
a complete 500-volt unit, but only 500-volt fuses and cable-reel dis­
connecting plugs, as the mechanical construction for the two voltages 
,,,as so nearly identical that the investigation of the 250-volt equip­
ment could be held to apply to the higher voltage machine in all 
other respects. 
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DESCIlIPTIO::-' OF CE-'j nmECT-CURIlEXT EQVIP)IEXTS. 

The equipments covered by this investigation are designated as 
Type CE-7 continuous-cutting chain machines designed for room­
Hnd-pillar \York. Approval No. 100 was assigned to the 250-yolt d. c. 
equipment and 100A to the 500-yolt nnit of the same type. 

The electrical parts considered in granting the approvals were the 
motor, the rheostat, the controller and fuse, the cable reel, and the 
Wlrmg. Plate III, A, sho\ys the assembled machine and Plate V, A, 
shom;; the assembled cable reel. 

Drawing lists 100 andl00A, kept on file with the bureau, give the 
essential details of construction upon ,,,hich approvals 100 andl00A, 
respectinly. were based. 

:MOTOR. 

The motor used with tllese eqnipments is a direct-current, multi­
polar, compound-wound machine designed to deliver 30 horsepower 
for one hour without exceeding a temperature rise of 75° C. Access 
to the brush holders and commutator is proyided by a flanged cover 
directly oYer them. 

CO:\"TROLLER .\:\"Il !,;T.\RTI:\"G RHEOSTAT. 

Plate III, B, shows the back of the controller a remond from the 
compartment 7). This controller is fastened to the flanged coyer c, 
,,·hich is securely bolted to the main casting by means of the studs d. 
The fuse plug e is ins£'rted in the coyer c and is so interlocked with 
the controller that the controller handle must be in the extreme 
" off" position before n fns£' can be removed or replaced. The con­
troller is equipped with magnetic blow-out coils. 

The bell-mouthed bushing f serves as the entrance of the cahle to 
the machine. 

Plate IV shows the machine in a reversed position, with the 
rheostat cover removed. As the rheostat a is installed ,yithill the 
lllain casting it is well protected from mechanicfll injury. The cables 
b connect with the motor through the passage c in the rear head. 

CABLE REEL. 

The cable reel is l110linted on an extension of the power car or truck 
that is used for transferring the machine proper from place to place. 
In Plate V, A, are shown the cable reel and disconnecting plug:> by 
llleans of which connection is made betweim the machine and cable 
reel. One of these plugs is shown in service position in Plate V, B, 
the other is seen partly dismantled. A brass sleeve, a, contains a 
magnetic blow-out coil, which prevents an arc from being drawn 
into the atmosphere when contact is broken between the brass sleeve 
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A. SULLIVAN CE-7 DIRECT-CURRENT MACHINE. 

B. SULLIVAN CE-7 DIRECT-CURRENT MACHINE, MOTOR REMOVED AND CON­
TROLLER OPEN FOR INSPECTION. 
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SULLIVAN CE-7 DIRECT-CURRENT MACHINE, REAR HEAD REMOVED TO THE RIGHT AND RHEOSTAT COMPARTMENT 
OPEN FOR INSPECTION. 
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and the connection within the extension u on the slip-ring housing c. 
The blow-out coil is mounted within the shrouding cylinder el, ,vhich 
has a bell-mouthed cable entrance, e. 

SAFETY }'EA TURES. 

Plate VI, A, shows the commutator end or front head with one 
element of the double protective device removed from the head. 
Plate VI, B, shows a similar view of the gear end or rear head. Each 
element is made up of 33 sheet steel pnnchings or plates 0.0187 inch 
thick, which are separated by spacers of the same thickness. The 
general construction of the plate type of protective device can be 
seen by reference to Plate VI, A. The plates (t are riveted between 
the rings b. The openings c project downward as shown in figure 2 
and prevent excessive clogging by coal dust. Figure 2 also shows the 
paths that the burned gases must. traverse when discharged through 
the protective devices to the atmosphere. 

All joints between .compartments or between covers and compart­
ments have wide flanges secured by studs or bolts with bottomed 
holes which preclude the possibility of a hole throngh the explosion­
proof casing due to the accidental omission of a bolt. 

The fuse in the controller compartment is so arranged that it can 
not be removed or replaced under load. The cable-reel diseonnecting 
plug was developed as the result of experience with several unsatis­
factory designs. In its final form it proved, under extremely severe 
tests, to be explosion-proof when the circuit was opened under load. 

The wiring between the motor, the controller, and the rheostat 
compartments is well protected as it is run wit.hin the machine. The 
trailing cable is protected by bell-mouthed bushings where it enters 
the main frame and the cable-reel plugs. 

INVESTIGATION OF 250-VOLT EQUIPMENT. 

A 250-volt equipment, comprising a motor~ controller, rheostat, and 
cable reel, was submitted for inyestigation. 

PRELIMINARY INSPECTION AND REC01l1 MEXD.\TIOX S. 

The preliminary inspection of the Sullivan d. c. equipment 
revealed a number of unsatisfactory features. 

Recommendations were made for changes in design of the fuse box, 
the entrance of trailing cable to the machine, the method of securing 
the starting-box cover, and the cable-reel parts. 

NATURE OF TESTS. 

The motor ",as tested in 8.6 per cent gas and in 7 per cent gas, 
both with and without. coal dust. Most of the tests were made with 



:FIGURE 2.-Paths of burned gases discharged through protective devices of Sullivan CE-7 explosion-proof motors. At left is shown section 
through AA; ant! at right, section through BB. 
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A. SULLIVAN CE-7 DIRECT-CURRENT CABLE REEL. 

B. SULLIVAN CE-7 DIRECT-CURRENT CABLE REEL. PARTLY DISMANTLED FOR 
INSPECTION. 
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A. SULLIVAN CE-7 DIRECRT-CURRENT MACHINE, FRONT HEAD WITH ONE 
ELEMENT OF PROTECTIVE DEVICE REMOVED. 

B. SULLIVAN CE-7 DIRECT-CURRENT MACHINE, REAR HEAD WITH ONE 
ELEMENT OF PROTECTIVE DEVICE REMOVED. 
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the motor running. The effect of raising the covers of the explosion-' 
proof compartments .12 inch was also tried. 

Tests were made to show the explosion-proof qualities of the cas­
ings that protect the slip-ring contacts in the cable reel. These tests 
were made in 8.6 and 7 per cent gas, with and without coal dust. 

The cable-reel disconnecting plug, by which connection between 
the machine and cable reel is made, was tested both in 8.6 per cent 
gas and in air for explosion-proof qualities. Tests of this plug were 
also made to determine whether the casing of the plug would become 
charged and cause an electric shock. 

The 250-volt fuse was tested in air by throwing it directly across a 
250-yolt, 200-kw., d. c. generator, in series with a small resistance 
approximately equivalent to a double circuit of No. 4/0 wire 530 
feet long. 

EXPLOSION PRESSURES OBTAIN~;D. 

The maximum indicated pressures for the machine as first received 
were as follows: 

In the motor compartnwnL _______________ 7.0 pounds per square inch 
In the controller compartlllcnL _________ 126.0 pounds per square inch 
In the slip-ring- compartment of the cable-reel. 

35.0 pounds per square inch 

With the design of machine as finally approved, the average maxi­
mum pressures were: 

In the motor compartmenL ____________ A2.0 pounds per square inch 
In the controller compartmenL __________ 40.6 pounds per square inch 

There was no change made in the design of the slip-ring compart­
ment of the cable-reel, therefore the maximum pressure remains the 
same as above. 

CHANGF:R IN DESIGN. 

As a result of tests and inspection at the testing station, the ma­
chine as first approved included changes in design as "follows: 

1. A refillable fuse, explosion-proof and interlocked with the 
controller, replaced the fnse in a separate oil-filled box. 

2. Un bottomed bolt holes were eliminated. 
3. Specially designed, insulated studs replaced soft rubber bush­

ings that were submitted for the protection of cables where they 
entered explosion-proof casings. 

4. Insulated strain clamps were used. 
5. The communicating passage between the motor and startillg­

box was enlarged. 
Experience with approved machines in service brought about the 

following additional changes in design: 
137337°--20----3 
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1. A bell-mouthed bushillg replaced tlll' flexible metallic tubing 
submitted for the protection of the trailing cable from abrasion 
where it entered the machine and the cable reel. 

2. The openings at the top of the machine for the discharge from 
the protective devices became packed with dust. The manufacturer 
redesigned the machine so that the discharge was downward and at 
the side of the machine, thereby overcoming this defect. 

3. The cable-reel disconnecting plugs were found to be inadequate 
in service, and after successive trials a design was evolved that 
proved satisfactory under severe tests. 

The above changes were re~ommended by the bureau and were 
promptly made by the Sullivan Machinery Co. The approvals of 
the d. c. machines were extended to cover these different modifica­
tions. Plates III, A and B, IV, V, A and B, and VI, A and B, show 
assembled and detailed views of the latest design of equipments in 
which are incorporated all of the improvements just mentioned. 

rXVESTIG.\TION OF THE 500-VOLT EQUIPMENT. 

From a careful study of the machine construction it was deter­
mined that a repetition of tests already made with the motor, con­
troller, and rheostat of the 250-volt equipment was unnecessary with 
the same parts of a 500-volt equipment. Separate tests, however, 
were made of the cable-reel disconnecting plugs and fuses designed 
for 500-volt service. 

In the main the approval of the 500-volt unit was based upon the 
tests of the 250-volt equipment. All impl'ovements and modifica­
tions made as the result of the laboratory and field investigations of 
the 250-volt equipment have been incorporated in the 500-volt 
machine. 

SUMMARY. 

Approval No. 100, granted September 30, 1914, and approval No. 
100A, granted October 20, 1914, were extended to cover changes in 
the cable entrance to the machine and a modification of protective 
deviees on October I), 1911), and to cover improvements in the cable­
reel diseonnecting plugs on March 10, 1916. When constructed in 
f'onformity with the machine tested and approved, the CE-7 d. c. 
equipments are considered safe units and are recommended for use in 
gaseous mines. 

GOODMAN DIRECT-CURRENT COAL-CUTTING EQUIPMENTS, AP­
PROVALS NO. 101 AND lOlA. 

The Goodman Manufacturing Co .. of Chicago, Ill., made appli­
(~ation under Schedule 2 for the test all(1 approval of a 21O-volt 
equipment and submitted a 21O-volt outfit for inspection ani test. 
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A. GOODMAN 23-C DIRECT-CURRENT MACHINE. 

B. GOODMAN 23-C DIRECT-CURRENT CABLE REEL AND TRUCK. 
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GOODMAN 23-C DIRECT-CURRENT MACHINE, OPEN FOR INSPECTION OF RHEOSTAT, CONTROLLER, ARMATURE, AND PROTECTIVE 
DEVICES. 
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'Yhen this lllYestigation 'YllS ,yell uncleI' way request was made for 
the aproval of a 500-volt unit of the same type. The company was 
not required to submit a complete 500-volt outfit but only a 500-volt 
rheostat. 

DESCRIPTION OF 23-C DIRECT CURRENT EQUIPMENT. 

The equipments covered by this investigation are designated as 
Type 23-0 short-wall mining machines. Approval No. 101 was as­
signed to the 210-volt unit and approval No. lOlA to the 500-volt unit. 

The electrical parts considered in granting the approvals were 
the motor, the controller, the rheostat, the cable-reel and truck, in­
cluding fuse and switch, and the wiring. Plate VII, A, gives an 
assembled view of the machine and Plate VII, B, a similar view of 
the cable-reel and its truck. Drawing lists 101 and lOlA, kept on 
file by the bureau, give the essential details of construction upon 
which approvals 101 and lOlA, respectively, were based. 

MOTOR. 

The motor, Plate VIII, is a direct-current, mUltipolar, compound­
wound machine, designed to deliver 35 horsepower for one hour with­
out exceeding a ri~e of temperature of 75° C. on the windings 01 

100° C. on the commutator. The flanged cover a that fits over the 
commutator pit has two observation windows, b, protected with 
covers kept closed by springs. 

CONTROLLER AND STARTING RHEOSTAT. 

Plate VIn also shows the general location of the controller com­
partment. This compartment is closed with a flanged cover, 0, 

shown removed. The same plate presents a yiew of the rheostat com­
partment with the cover removed and a 21O-volt rheostat, d, in­
stalled. 

CABLE REEL AND TRUCK WITH FUSE AND SWITCH. 

Plate VII, B, shows a two-wheeled truck upon which are mounted 
the cable reel and an explosion-proof compartment containing a fnse 
and a switch. 

FUSF~ AND SWITCH. 

Plate IX shows details of the explosion-proof compartment, which 
contains a fuse, a two-pole switch and connections to the cable reel. 
The fuse a is mounted in a holder which fits into the end of the cover, 
b, of the explosion-proof compartment. The design is such that the 
fuse must first be disconnected from the circuit before it can be 
removed from the explosion-proof compartment. When assembled 
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the circuit is closrd through the fuse by turning the holder until 
the blades, d, engage with the clips~ e. 

The casting, j, servps both as a protecting cover for insulated studs 
which complete the circuit through the casing of the compartment, 
and also as the hell-mouthed bushing for the cable where it connects 
with the insulated studs. 

The switch is in the lower part of the compartment and is operated 
by the handle, c. 

SAFETY FEATURES. 

The 23-C machine is provided with the gauze tlnd grid type of pro­
tective device. The machine itself has two protective elements (Pl. 
VIII. e) installed in the end plate of the motor compartment. Fig­

ure 3 is a diagram of the path the 
burned gases must traverse when 
discharged from this compartment. 
The outlet from the protective de­
vices is on the under side of the 
casting where it can not easily be­
come clogged with dust. 

The explosion-proof compart­
ment on the cable-reel truck has a 
protective device (PI. IX, g) of 
the same type as the ones used in 
the machine. The discharge from 
this device is also downward. 

FIGUIl!'; 3.-Path of burned gases dis- The protective devices each con-
charged through protective devices of sist of 24 layers of 32 mesh brass 
Goodman 23-C explosion-proof motor. 

gauze made of No. 22 (B. & S. 
gage) wire. These are supported and spaced by means of 25 grids 
OJ' punchings from No. 16 (U. S. gage) sheet steel. 

All joints between the covers and the various compartments have 
broad flanges, which are well secured with studs or bolts with bot­
tomed holes. 

The inclosure of the switch and fuse in an explosion-proof com­
partment on the cable-reel truck eliminates the danger of external 
Ignition of fire damp by sparks or flashes that are common when the 
eircuit is opened. The fuse plug can not be withdrawn from the ex­
plosion-proof compartment unless it is first turned 90°. This turning 
disconnects the fnse from the circuit and at the same time insures a 
broad ftange between the casing and the head of the fuse plug when 
the circuit is opened. 

The wiring between the motor, the controller, and the rheostat 
compartmpnts is within the machine proper and thus is well pro-
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GOODMAN 23-C DIRECT-CURRENT CABLE WHEEL AND TRUCK, EXPLOSION-PROOF COMPARTMENT OPEN TO SHOW 
I,JNDERSIDE OF PROTECTIVE DEVICE GRID AND DETAILS OF SWITCH AND FUSE. 
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teded. The trailing cables are protected at the entrances to the ma­
chines and cable reels by bell-mouthed bushings and insulated strain 
clamps. 

INVESTIGATION OF nO-VOLT EQUIPMENT. 

A 210-volt equipment comprising a motor, controller, rheostat, 
and a cable reel mounted on its truck was submitted for the investi­
gation. 

PRELIMINARY INSPECTION ANn RECOMMENDATIONS. 

The following recommendations were made after the prelini_inary 
inspection: That the. fuse box or the motor frame and the flexible 
metallic tubing on the trailing cables be eliminated; that the protec­
tive devices be shrouded, and that greater care be taken to insure 
no unbottomed holes in explosion-proof casings. 

NATURE OF TI;;STS. 

The tests of this machine were made \vith the moter running, and 
7 and 8.6 per cent of gas were used both with and without coal dust. 
The switch compartment of the cable reel was subjected to the same 
tests as the compartments of the machine. 

A special series of tests was made to determine the effect of stop­
ping off the exhaust ports of the protective devices and also the effect 
of raising the cover of the commutator pit slightly. 

The cable-reel switch was opened and closed under full-load cur­
rent to determine whether flashing over or dangerous burning of the 
contacts would occur. 

EXPLOSION P[{I;;SSURES OBTAINED. 

The maXImum indicated pressures for the machine as first sub­
mitted were as follows: 

Maximum prCS8urC8 tor IIwchillIJ a8 8ubmitted. 

In the motor compartmenL ___________ 86.3 pounds per square inch. 
In the controller compartmenL _________ 87.5 pounds per square inch. 
In the resistance cornpartltlenL ________ T{~sts not made. 
In the cable-reel switch eompartrnenL_ 5. 0 pounds per square inch. 

The pressures ran about 15 per cent higher with the exhaust ports 
closed. 

After the machine was altered to conform to the final designs the 
lllaximum indicated pressures were: 

Maxim1tm prIJ.~81tre8 attcr changes. 

In tht' motor eompartmenL_________ _ 76.7 pounds per square inch. 
In the controller compartrllenL_______ 75.0 pounds per square inch. 
In the resistance compurtlllenL ____ ~ __ 103.3 pOl1llds Ilf'r square inch. 
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The construction of the cable reel in its final llesign was essentially 
the same as the one first submitted, hence no further tests were 
made. 

CHANGES IN DESIGN. 

The following important changes in design brought about through 
inspections and tests were made: 

1. Bell-mouthed bushings replaced flexible armor for cable intakes. 
2. Insulated strain clamps for cables ,vere provided. 
3. The fuse box on the motor was eliminated. 
4. Another opening between controller and motor compartments 

was provided. 
5. The outlet from the cabk-reel protpctive device was shrouded 

to prevent the entrance of dust and dirt. 

INVESTIGATION OF 500-VOLT EQUIP;\IENT. 

From an examination of the drawings submitted for the two equip­
ments the engineers in charge of the tests decided that it would only 
be necessary to determine what effect would be produced upon the 
pressures with the 500-volt rheostat installed as compared to the 
pressures with a 2l0-volt rheostat. The 500-volt rheostat was in­
stalled in the 2l0-volt machine and tests were made with 8.6 per 
cent gas, no coal dust, and with the motor running. Pressure read­
ings, taken in the rheostat compartment, were found to be slightly 
less with the higher voltage rheostat than with the lower one. All 
changes made as a result of the inspection and test of the 210-volt 
equipment have been incorporated in the 500-volt equipment. 

The approval of the 500-volt unit was based chiefly upon the 
tests of the 210-volt unit. 

SUMMARY. 

Approvals No. 101 and lOlA were both granted May 20, 1916. 
When constructed in conformity with the machine tested and ap­
proved, the 23-C equipments are considered safe units and are 
recommended for use in gaseous mines. 

JEFFREY DIRECT-CURRENT COAL-CUTTING EQUIPMENTS, AP­
PRO V ALS NO. 102 AND 102A. 

The Jeffrey Manufacturing Co., of Columbus, Ohio, made 
application under Schedule 2 for the test and approval of a 250-volt 
and a 500-volt equipment and submitted a 250-volt outfit for in­
spection and test. The investigation of the 250-volt equipment was 
hell} to apply to the higher voltage machine because the mechanical 
construction for either voltage was practically identical. The com­
pany was not required to submit a eOlllpletr 500-vo]t unit. A 500-
volt rheostat, however, was shipped for inspection. 
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A. JEFFREY 28A DIRECT-CURRENT MACHINE. 

B. JEFFREY CABLE REEL AND SWITCH FOR 28A AND 35B DIRECT-CURRENT 
MACHINES. 
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JEFFREY 28A DIRECT-CURRENT MACHINE; DETAILS OF CONSTRUCTION. 
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DESCmPTIOX Of' :lSA DIRECT-CURREXT EQUll'l\lEXTS. 

The equipments covered by this investigation are designated as 
Type 28A machines for short-wall mining. Approval No. 102 covers 
the machine which is equipped with a 250-volt motor and No. 102A 
covers the same type of-machine having a 500-volt motor. 

The electrical features considered in granting the above approvals 
were: The motor, the controller, the rheostat, the cable reel and 
truck with fuse and svvitch, and the wiring. Plate X, A, shows the 
machine completely assembled and Plate X ,B, shows an assembled 
view of the cable reel and truck. 

Drawing lists 102 and 102A kept on file with the bureau gi,'e 
the essential details of construction upon which approvals 102 and 
102A, respectively, were based. 

~[OTOIl. 

The 28A machine uses a direct-current, compound-wound, multi­
polar motor (PI. XI, and PI. XII), designed to give 35 horsepower 
for one hour without exceeding a temperature rise of 75° C. The 
east-steel cover a (PI. XI) is directly over the commutator when the 
machine is assembled and is easily removed for examination of 
brushes and commutator. 

CONTROLLER AND s'rARTING I1HEOS'l'AT. 

The controller is located in a two-part flanged casing bolted to 
the casting of the main frame. Plate XII shows one part, a~ 

of the casing at the right. The arc barriers, b, that separate the 
contact fingers, are taken out to permit examination of the controller 
drum, connections, and contacts. 

The rheostat is in a separate compartment, c, Plate XII, and 
connection between motor and rheostat are made through the pas­
sage, rl. Plate XI shows the two types of resistance used in 28.:\ .. 
machines. The compartment cover b has been taken off to show a 
500-volt rheostat, c, bolted in place. A 250-volt rheostat, d, rests upon 
the top of the compartment. The part e protects the insulated studs 
which connect the power supply to the interior of the machine. This 
part also has a bell-mouthed bushing to prevent undue abrasion of the 
cable. 

CABLE REEL AND TRUCK WITH FUSE AND S\YITCH. 

A part of the cable-reel truck is shown in Plate X, B. On it are 
mounted the reel and an explosion-proof fuse and switch compart­
ment. 

The details of the explosion-proof compartment inelosillg a single­
pole switch and a fuse are shown in Plate XIII, A. The switch 
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blade a is operated by the handle b. The fuse is further inclosed 
within a rectangular chamber, g, built up of noncombustible material. 
The machine may be entirely disconnected from the circuit by pull­
ing the cable terminal plugs, c, from the openings, d, but only after 
the switch has been opened and the flanged cover, e, has been let 
down. The wiring between the cable reel and the fuse and switch 
compartm~nt is carried in flexible, metallic tubing, f. 

In Plate XIII, B, the fuse and switch compartment is closed and 
the separate compartment containing terminal connections is open. 

SAFETY FEATURES. 

All compartments, including the fuse and switch compartment, are 
totally inclosed and depend on broad flanges for explosion-proof pro­
tection. The flanges have been designed to withstand the maximum 
internal explosion pressure developed and are well secured with ample 
studs and bolts that have bottomed holes. 

The wiring between the motor, the controller, and the rheostat is 
within the machine and is therefore well protected from mechanical 
injury. The cable is protected by a bell-mouthed bushing where it 
enters the main frame and by an insulated strain clamp where it con­
nects with the studs through the explosion-proof casing. Flexible 
metallic tubing is used to protect the wiring between the cable reel 
and fuse box. 

The terminal plugs of the machine cable can not be withdrawn 
under load and therefore can not produce dangerous arcs or flashes. 
They are so interlocked with the switch that the latter must be opened 
in order to release the cover, which then has to be moved to the right 
before the plugs are free to be pulled out. 

INVESTIGATION OF 250-VOLT EQUIPMENT. 

A 250-volt equipment, which included the motor, the controller, 
the rheostat, and a cable reel with fuse and switch, was submitted 
for the investigation. 

PRELIMINARY INSPECTION AND RECOMMENDATIONS. 

The preliminary inspection di.sclosed certain deficiencies that 
needed to be remedied, namely-

1. Several bolt holes in explosion-proof casings were not bot­
tomed. 

2. An in>,ulated ('able damp was not provided with the machine. 
3. 1'nsuitable material was used Tor covers of explosi.on-proof 

("om pa rtments. 
+. Several modifications in the fuse box were necessary. 
Recommendation was made that th(' company consider the ad­

visahility of the above changes. 
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JEFFREY 28A DIRECT-CURRENT MACHINEi FURTHER DETAILS OF CONSTRUCTION. 
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A. JEFFREY 28A AND 35B DIRECT-CURRENT CABLE REEL AND SWITCH; COM­
PARTMENT FOR SWITCH WITH FUSE OPEN FOR INSPECTION. 

B. JEFFREY 28A AND 35B DIRECT-CURRENT CABLE REEL AND SWITCH; 
TERMINAL COMPARTMENT OPEN FOR INSPECTION. 
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S.\TURE OF TEST,;. 

In the tests upon the machine proper the motor was running and 
7 and 8.6 percentages of gas were used. The fuse and switch com­
partments attached to the reel truck were tested with 8.6 per cent gas. 

EXPLOSION PRESSURES OBTAINED. 

The maximum indicated pressures for the tests were as follows: 

Maximum indicated pressures. 

In the motor compartmenL __________ . ____ 73.3 pounds per square inch. 
In the controller compartmenL ___________ 66. 6 pounds per square inch. 
In the resistance compartmenL __________ 33.3 pounds per square inch. 
In the fuse compartmenL ___________ . ____ 19.3 pounds per square inch. 

As the changes made in the design had no bearing on explosion pres­
sures developed, the original pressures stand as representative of the 
equipment approved. 

CHANGES IN ])ESIGN. 

As a result of recommendations and tests made by the bureau 
certain minor changes in design were made, namely-

1. Covers of explosion-proof chambers were made of cast steel in­
stead of boiler plate. 

2. Castings were modified to eliminate unbottomed holes in explo­
sion-proof casings. 

3. Flanges were made wider. 
4. An insulated strain clamp was provided to relieve the strain on 

the hand cable connecting the reel and the machine. 
5. The arrangement of the 'insulating barriers in the fuse box was 

changed to make the fuse more accessible for renewals and to inclose 
the fuse completely. 

I"VESTIGATION OF 500-VOLT EQUIPMENT. 

A careful study of the drawings submitted showed that mechani­
cally the 28A machine was the same :Eor either voltage. A repetitIOn 
of inspection was therefore unnecessary for the higher voltage equip­
ment. The space occupied by the rheostat units was practically the 
same for either voltage, hence as regards explosion-proof protection 
another set of tests was not required. 

All changes in mechanical construction which were made in the 
interests of safety and for improvement during the investigation of 
the 250-volt machine were embodied in the 500-volt machine. 

Approval No. 102A was granted principally upon the basis of the 
investigation of the 250-volt equipment, which met the requirements 
of the schedule. 
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SUMl\-IARY. 

Approvals No. 102 and No. 102A were issued November 2, 1917. 
When constructed in conformity with the machine tested and ap­
proved, the 28A equipments are considered safe units and are recom­
mended for use in gaseous mines. 

JEFFREY DIRECT-CURRENT COAL-CUTTING EQUIPMENTS, AP­
PROVALS NO. 103 AND 103A. 

The .Jeffrey Manufacturing Co., of Columbus, Ohio, abo ap­
plied under Schedule 2 for the test and approval of a second type of 
dire(·t-current equipment in two voltages, and submitted a machinll 
equipped with a 250-volt motor for inspection and test. Because 
tIl(' JOO-volt equipment was practically the same in mechanical 
construction as the lower voltage equipment, one set of inspections 
and tests was held to be sufficient for both voltages. 

DESCRIPTION OF 358 DIRECT-CURRENT EQUIPl\IENTS. 

The equipments covered by this investigation are known as Type 
3513, short-wall mining machines. The 250-volt dired-clll'rent equip­
ment was assigned approval No. 103 and the 500-volt equipment ap­
proyal No. 103A. 

The motor, the controller, the rheostat, the cable reel, and truck 
wit 11 fuse and switch, and the wiring were the electrical parts con­
sidered in granting the above approvals. The one design of con­
troller, resistances, and cable reel, fuse, and switch is used for either 
the 28A or 35B machines. Plate XIV, A, shows an assembled view 
of the machine proper, and Plate X, B, the cable-reel truck wi.th reel, 
fuse, and switch. 

Drawing lists 103 and 103A kept on file with the bureau give the 
essential details of construction npon which approvals 103 and 103A, 
respectively, were based. 

MOTOR. 

The 3!5B equipment is operated by a compound-wound multi­
polar motor designed to deliver 35 horsepower for one hour, with­
out exceeding a temperature rise of 75 0 C. The removable cast-s;feel 
coyer a (PI. XV) gives ready access to the commutator and brush 
holders. 

CONTROLLER A:-iD STARTING RHEOSTAT. 

Plate XV also gives a dissembled view of the type of controller 
that is common to the 28A and 35B machines. The controller drum is 
operated by the handwheel b, the reversing switch by the handle c. 

In the 3:'JB machines the rheostat is placed in a compartment 
which is embodied ill the main frame. Plate XIV, B, shows the 
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A. JEFFREY 358 DIRECT-CURRENT MACHINE. 

B. JEFFREY 358 DIRECT-CURRENT MACHINE, RHEOSTAT COMPARTMENT OPEN 
FOR INSPECTION. 
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JEFFREY 358 DIRECT-CURRENT MACHINE, MOTOR AND CONTROLLER COMPARTMENTS OPEN FOR INSPECTION. 
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rheostats for both voltages. The cover a of the resistance compart­
ment is removed to show the 250-volt rheostat b in position. The 
rheostat (J at the right replaces the 250-volt rheostat when the ma­
chine is built for 500-volt service. The casting d protects the insu­
lated studs e, by which power is supplied to the machine through 
the resistance compartment. The insulated clamp J relieves the 
studs of strain. A bell-mouthed bushing forms a part of the 
casting d. 

CABLE REEL AXD TRUCK WITH FUSE AXD SWITCH. 

These parts have already been described for the 28A machine ana. 
are shown in Plates X, B, and XIII, A and B. 

SAFETY FEATURES. 

The 35B machine uses the totally inclosed form of construction 
with broad flanges. The flange joints are held together securely with 
ample bolts and studs, which have bottomed holes. The flanges and 
casings are properly proportioned for the maximum internal explo­
sion pressures that may develop. 

The wiring between the motor, the controller, and the rheostat is 
inclosed in the casings and is well protected from mechanical injury. 
Where the cable enters the machine a bell-mouthed bushing mini­
mizes abrasion. The wiring between the cable reel and the fuse box 
is run in flexible, metallic tubing for protection. 

The terminal plugs on the machine cable are interlocked with the 
switch in the explosion-proof compartment in order to prevent arcs 
and flashes from being drawn into the atmosphere when the plugs 
are removed. The switch must first be opened and the cover of the 
compartment moved to the rig-ht before the plugs can be withdrawn. 
The switch can not be closed unless the cover is in its proper position. 

INVESTIGATION OF 250-VOLT EQUIPMENT. 

The Jeffrey Manufacturing Co. originally submitted its 35B ma­
chine with the plate type of protective devices. An investigation, 
including inspec.tionand several series of tests, had been made of the 
machine in this form, when its return to the factory for modification 
became necessary. 

While at the factory the use of protective devices was abandoned, 
and the machine was rebuilt in the totally inclosed form and resub­
mitted for test and approval. One cable-reel truck with reel, fuse, 
and switch was submitted for the investigation of both the 28A and 
35B equipments. 

PRELIMINARY INSPECTION AND RECOMMENDATIONS. 

The initial inspection of the totally inclosed form of 35B ma­
chine showed several unsatisfactory details of construction. Recom-
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mendations as to modifications in design, however. were withheld 
until the tests were completed. 

1'1 ATURE OF TESTS. 

The machine with its motor, resistance and controller compart­
ments was tested in 8.6 per cent of gas. The effect of closing off and 
of opening passages between compartments was studied. 

The tests of the cable reel are reported uncler the investigation of 
the 28A machine. 

EXPLOSION PRESSURES OBTAINED. 

The totally inclosed machine in the form first submitted gave the 
following maximum, indicated pressures: 

Jfaximum Jjl'c88ures in lIlacitine as 8ulnnUted. 

In the motor conlpartl1lent ___________ 60.0 pounds per square inch. 
In the controller compartmenL _______ oyer 100.0 pounds pel' ::;qunre illeh. 
In the resistance cOl1lpartuH'nL _______ No pressures taken. 

The maXImum indicated pressures for the form finally approved 
were as follows: 

Jia.rill/lIm Jjre.ssul'e.~ in machille as approved. 

In the motor compartl1lenL __________ 62. 5 pounds per square inch. 
In the controller compartment ________ 65.4 pou nels per square inch. 
In the re>;istance compartl1lenL _______ 57.4 pounds per square inch. 
In the fllRe eompartnH'lI t ______________ 19.3 pOllllns per square inch. 

,:HANGES IN DESIG:\'. 

The changes in design found necessary from inspections and tests 
are as follows: 

1. Flanges were widened. 
2. The resistance compartment was completely isolated from the 

moto]' compartment, and the leads run through specially constructed 
stuffing boxes packed with asbestos rope. 

3. The opening between the motor and the controller compartments 
was increased. 

INYESTIGATION O}' 500-VOLT EQUIP:)IENT. 

From a careful study of drawings the 500-volt equipment was 
seen to be mechanically the same as the lower voltage equipment and 
because of this similarity one set of inspections and tests was consid­
ered sufficient for both voltages. 

The 500-yolt eqHipment has incorporated in it all the modifications 
that were made in the 250-volt equipment in the course of the inves-
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A. SULLIVAN CE-7 ALTERNATING-CURRENT MACHINE. 

B. SULLIVAN CE-7 ALTERNATING-CURRENT MACHINE, FRONT HEAD WITH BOTH 
PROTECTIVE ELEMENTS REMOVED. 
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A. SULLIVAN CE-7 ALTERNATING-CURRENT MACHINE, MOTOR REMOVED; 
REAR HEAD IN THE BACKGROUND AND CONTROLLER COMPARTMENT 
OPEN FOR INSPECTION. 

B. SULLIVAN CE-7 ALTERNATING-CURRENT MACHINE; .SWITCH AND FUSE 
COMPARTMENT OPEN FOR INSPECTION. 
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tigation in order to bring it to the final approved forl1l. Approval 
No. 103A was based, III the main, upon the investigation of the 
250-volt equipment. 

SUMMARY. 

Approvals No. 103 and No. 103A were issued November 2, 1917. 
When constructed in conformity with the machine tested and ap­
proved, the 35B equipments are considered safe units and are rec­
ommended for use in gaseous mines. 

SULLIVAN ALTERNATING-CURRENT COAL-CUTTING EQUIPMENTS. 
APPROVALS NO. 104 AND 104A. 

The Sullivan Machinery Co., of Claremont, N. H., also made ap­
plication under Schedule 2 for the test and approval of a 220-volt 
and a 440-volt a. c. equipment and submitted a machine built for 
440-volt service £01' inspection and test. 

The investigation of the 440-volt equipment was held to apply to 
the lower voltage outfit, since the mechanical construction for the two 
voltages was practically identical. 

DESCRIPTION OF CE-7 ALTERNATING CURRENT EQUIPl\fENTS. 

The equipments covered by this investigation are designated as 
Type CE-7 continuous cutting chain machines designed for room and 
pillar work. Approval No. 104 was assigned to the 220-volt a. c. 
equipment and approval No. 104A to the 440-volt outfit. 

The electrical features considered in this investigation were the 
motor, the controller, the fuse, the switch,· the cable reel, and the wir­
ing. Plate XVI, A, gives an assembled view of the machine proper 
and Plate XVIII, A, an assembled view of the cable reel. 

Drawing lists 104 and 104A, kept on file with the bureau, give the 
essential details of construction upon which approvals 104 and 104A, 
respectively, were based. 

MOTOR. 

The motor is a squirrel-cage, 3-phase, 60-cycle induction motor de­
signed to deliver 30 horsepower for 1 hour without exceeding a 
temperature rise of 75° C. The winding of the stator is arranged so 
that the motor can be started at about half voltage and then thrown 
to full voltage for operation without rheostat control. 

CONTROLLER AND FUSE COMPAllTMENTS. 

Plate XVII, A, shows the machine with motor removed, rear head 
in background, and controller compartment open for inspection. The 
controller a is fastened to the flanged cover b, which in turn is held 
~ecurely to tl\(, main casting by the studs r. ThE' controller iR pro-
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vided with two sets of contacts, one for the starting and one for the 
running position. The controller wires d pass to the fuse compart­
ment on the opposite side of the machine through a narrow passage 
so proportioned that the wires fit snugly and prevent an explosion 
from propagating from one compartment to the other. 

Plate XVII, B, gives a view of the reverse side of the machine and 
shows the fuse compartment open for inspection. The current leaves 
the reel by the cable-reel disconnecting plugs a and by the hand cable 
b which enters the machine through the bell-mouthed bushing c. 
The current then passes through the three-phase switch d to the fuses 
located on the same cover. One fuse e is shown removed from the 
cover. These fuses are interlocked with the switch so that they can 
not be removed or inserted unless the switch is open. The cables f 
run from the fuse terminals to the controller. 

('.\JlLJ> REJ>L. 

The cable reel is essentially the same as for the d. c. machines pre­
viously described, except that it is built for a three-phase instead of 
a two-wire circuit. Plate XVIII, B, shows one end of the three­
phase reel dismantled. This view gives clear details of the slip-ring 
compartment. The trailing cable is connected to the movable con­
tacts a, which make contact with the stationary rings b. The cir­
cuit to the machine is completed by the cable reel disconnecting 
the plugs c and the hand cable d. The details of the disconnecting 
plug have already been described for the (1. c. equipment. 

Plate XVI, B, shows the front head of the u. c. machine with both 
elements of the protective device removed. The rear head has two 
identical elements. The construction of the protective elements is 
the same as for the d. c. machine, and the paths which the burned 
gases must traverse when (lischal'ged through the devices to the 
atmosphere is essentially the same as shown in figure 2 for the d. c. 
machine. 

The design of the disconnecting pings for the reel is common for 
a. c. and d. c. equipments and therefore should afford the same· pro­
tection. The three-phase switch is so interlocked with the fuses that 
they can neither be 'withdrawn nor inserted unless the switch is open. 

The fuse compartment in the a. c. outfits corresponds to the rheo­
stat compartment of the d. c. units. The fuse and controller com­
partments are practically isolated from each other and from the 
motor compartment in order to prevent the heaping of pressure 
caused by the propagation of the explosion from one compartment 
to another. 
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A. SULLIVAN CE-7 ALTERNATING-CURRENT CABLE REEL. 

B. SULLIVAN CE-7 ALTERNAT ING-CURRENT CABLE REEL DISMANTLED TO SHOW 
INTERIOR OF SLIP-RING COMPARTMENT AND DETAILS OF DISCONNECTING 
PLUG. 
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The usual precautions ha Vll been taken in supplying for all joints 
between compartments, or for covers of compartments, wiue flanges 
secured with studs or bolts with bottomed holes. 

The wiring between the motor, the controller, and the fuse com­
partments is well protected, as it is run within the machine. The 
trailing cable is protected from undne abrasion where it enters the 
fuse compartment and the cable-reel disconnecting plugs by be11-
mouthed bushings. Insulated clamps relieve the cable connections of 
strain in the fuse compartment and in the cable-reel plugs. 

INVESTIGATION OF 440-YOLT EQ"GIP:i\IENT. 

The equipment submitted for the investigation consisted of a. 
three-phase, 440-volt motor with controller, fuses, and cable reel. 

The machine in its first form failed to pass the t~sts, and an in­
vestigation was made to determine the design best adapted to meet 
the conditions of the schedule. In the redesigned form that was 
approved the motor has a double-element protective device of the 
plate type in both front and rear heads, and the fuse and controller 
compartments are isolated from each other and from the motor com­
partment. The cable reel was also redesigned. 

PRELIMIN ARY INSPECTION AND RECOMMENDATIONS. 

The preliminary inspection of the original machine showed that 
the fuses could be withdrawn under load. A recommendation was 
made that the fuses be locked in some manner to prevent this. 

Later in the investigation recommendations were made that the 
flexible-cable armors should be discarded and bell-mouthed bushings 
substituted, that the cable-reel disconnecting plugs should be made· 
explosion-proof, and that the location of openings into protective 
devices should be changed so as to minimize the possibilities of 
dust entering the devices and machine. 

NATURE O}<' TESTS. 

The tests on the machine in the form finally submitted were made 
with 7 and 8.6 percentages of gas with and without coal dust. The 
motor was running in nearly all tests. The investigation of the 
magnetic blow-out type of cable-reel aisconnecting plugs furnished 
with the d. c. machine, approvals 100 and 100A, was held to apply 
for the three-phase reel, since the plugs were identical in design and 
since they were formerly tested for 500 volts, whereas only 440 volts 
would be used on the a. c. reels. 



46 EXPLOSION-PROOF COAL-CUTTING EQUIPMENT. 

EXPLOSIOl'( PREHSCBES OWLUl'(EB. 

With the machine in the form first submitted the maximum indi­
cated pressures for the different compartments were as follows: 

Maximum prcs8urcs in machine (/.~ 81l1nlli-ttcd. 

In the motor compartmenL_____________ 45.0 pounds per square inch. 
In the controller cornpartmenL _________ 104.8 pounds per square inch. 
In the fuse cornpartmenL______________ 51.4 pounds per square inch. 
In ,the cable-reel slip-ring cornpartmenL__ 48.3 pounds per square inch. 

'With the machine in its final form the maximum indicated 
pressures were: 

MaximulII pre88urc.~ in machine in final form. 

In the ntotor cornpartmenL______________ 18.0 l>0ulllls per "quare inch. 
In the controller cornpartmenL_________ 46.5 pOll1111s per square inch. 
In the fuse compnrtmenL _______ -------- 30.3 pounds per square inch. 
In the cabIe-repl slip-ring compartmpnL __ -lS.3 POU!l(\s ppr square inch. 

CHANGES I;\' DESIG?>. 

The chief modifications made as a result of the inspection and 
tests were: 

1. Fuses in the machine 'were made interlocking with a 3-pole 
switch that must be opened in order that a fuse can be either re­
placed or taken out. 

2. Unbottomed holes were eliminated in explosion-proof casings. 
3. The fuse and the controller compartments were isolated from 

each other and from the motor compartment. 
Practical field experience with the CE-7 d. c. equipments, approyals 

X o. 100 and 100A, brought about the following changes in the design 
of the a. c. machine: 

1. Bell-mouthed bushings replaced caLle al'lllOrs of flexible tubing. 
2. The discharge ports from protectiYe deyices were placed at 

the sides of the machine instead of at the top. 
e}. The explosion-proof disconnecting pIngs c1eYeloped for the d. c. 

cable reel were used on the a. c. cable reel. 

INYERTIGATTOX OF TITE :l:!O-YOUI' EQrIl')IENT. 

From a study of the drawings submitted eO\'ering the construc­
tion of the 220-volt and the 440-volt outfits the inspections and tests 
of the 440-volt equipment was considered applicable to the 220-volt 
equipment also, and the latter was not tested. All changes made as 
a l'('sult of the inspection and test of the 440-yolt equipment have 
been incorporated in the 220-volt equipment. In the main, the ap­
proyal of the 220-yolt unit was based upon the investigation of the 
440-yolt outfit. 
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SUMMARY. 

Approvals No. 104 and No. 104A were issued January 16, 1919. 
"When constructed in conformity with the machine tested and ap­
proved, the CE-7, a. c. equipments are considered safe units and 
are recommended for use in gaseous mines. 

RESUME. 

In being accorded a place in the bureau's permissible list, the fore­
going equipments all met the requirements of Schedule 2A: 

1. In construction, they are considered rugged enough to stand 
reasonably severe service. The casings have adequate strength to 
withstand any internal explosion of fire damp. 

2. In those machines having protective devices, these devices have 
pronn under test to be" capable of preventing the passage of flames 
from the interior to the exterior of casings. The design of these de­
vices and their location within the casings afford protection against 
mechanical injury ~vhile in place, and minimize the accumulation of 
coal dnst in openings. 

3. "Where flanged joints are used in explosion-proof casings these 
joints have been made wide enough to satisfy the test requirements 
with respect. to the maximum indicated pressures during the ex­
plosion tests. 

4. The construction of the machines was shown by test to prevent 
the development of dangerous afterburning. 

The bureau recommends all approved equipments for use in mines 
where fire damp may accumulate. 

The demand for snch apparatus will depend mainly on the atti­
tude that the mine owner 01' person in position to purchase mine 
equipment has toward safety apparatus. The more the doctrine of 
"safety first" is practised the greater will be the demand for reason­
ably safe equipment. 

Also, as the operator or responsible official comes more and more 
to recognize the need of such apparatus and to see in it a safety 
device he will feel a greater interest in it and will assist the bureau 
and the manufacturer in keeping it in a safe condition. 

During the "war there was a tendency, under the stress of the 
demand for more and still more coal, to disregard safety and the de­
mand for unapproved apparatus was noticeable. vVhen conditions 
again become normal the bureau looks forward to new and greater 
interest in safety methods and in safety apparatus. 

The burean has other applications on file and expects that scw~ral 
more coal-cutting equipments will be added to the present 1ist within 
the next 1.,yO years. With the list already approved from which to 
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select, there would seem to be no reason why the opemtor who wants 
to safeguard his men can not find a unit that meets his requirements. 

The cooperatiye spirit shown by the various manufacturers \y10:',e 

machines are herein described has been greatly appreciated, and the 
continuation of such relations between the bureau and those who sub­
lJlit explosion-proof apparatus can b11t tend to render eoal mining 
!-afer. 

Because both the" open" and permissible or explosion-proof types 
of coal-cutting machines are on the market the distinction between 
them may not always be evident from the designation given them by 
the manufacturer. Permissible equipments, however, can always be 
distinguished by the Department of the Interior, Bureau of Mines, 
appront! plate, which the manufacturer is required to attach to each 
approved outfit. 



PUBLICATIONS ON COAL MINING. 

A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
tIle edition is exhausted. Requests for all puulications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail­
able for free distribution as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on pay­
lllent of the price of printing. Interested persons should apply to 
the Director, Bureau of Mines, for a copy of the latest list. 

PUBLICATIONS AVAILABLE }<'OR FREE DISTRIBUTION. 

BFLLETIN 17. A primer on explosives for coal miners, by C. E. Monroe and 
Clarence Hall. 1911. 61 pp .. 10 pIs., 12 figs. 

Bt'LLETIN 20. The explosibility of coal dust, by G. S. Rice, with chapt<'rs by 
J. C. \\', Frazer, Axel Larsen, Frank Huas, and Carl Scholz. 1911. 204 pp., 
14 pIs .. 28 figs. 

EFLLETIN 42. The sampling and examination of mine gases and natural gas, 
by G. A. Bnrrell and F. ::\l. :-Seihert. 191:1. 116 pp .. ~ pIs., 23 fig:;. 20 cents. 

BlTLLETIN 45. Sand aYaiiable for filling mine working-s in tIl€' Northern 
Anthracite Coal Basin of Pennsylvania, by N. H. Darton. 19l::!. 33 pp., 
8 pIs., 5 figs. 

BULLETIN 46. An investigation of explosion-I,roof mine motor:;, hy H. H. 
Clark. 1912. 44 pp., 6 pIs., 14 fig:,;. 

BULLETIN 48. The selection of explosives userl in engineering and mining 
o]wrntions, by Clarence Hall and S. P. Howell. 1914. 50 pP .. 3 pI,; .. 7 1ig-~. 

Bn,LETIN 50. A laboratory study of the inflammability of COllI dust, by 
.T. C. W. Frazer, E .• T. Hoffman, and L. A. Scllo11, jr. 1913. 60 pp., 93 fig-s. 

BrLLETIN 52. Ignition of mine gases hy the filf1lnents of inC':llJ(lesc-.'nt elE'ctric 
IUlllps, by H. H. (,lurl, upd L. C. Ilslpy. 1913. 31 pp., 6 pb., 2 fig-so 

Bl:LLETIN 56. First series of coal-dust explosion tests in the e:-cpE'rin1('ntal 
mine, by G. S. Hice, L. 1\[, JonE's, J. K. Clement, and \V. L. Egy. 1!11:~. ]1'; j)]l., 

12 pIs., 28 figs. 
BULLETIN 57. Safety and efficiency in mine tunneling, by D. \\i. Brunton antl 

.T. A. Davis. 1914. 271 pp., 6 pIs., 45 figs. 
BULLETIN 60. Hydraulic mine filling-, its use in the Pennsylvania anthrncite 

fiphls, a preliminary rpport. by Charles Enzian. 1913. 77 pp., 3 pIs., 12 ti,!.!:";, 

BULLETIN 62, Nlltiollal mine rescue and first aid conference, Pitt;.;burglt, I'a., 
Rf~ptelllbE'l' 23-26, 1 D12, hy H. :\L WilsOll. 1 fl13. 74 pp. 
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BULLETIN 68. Electric switches for use in gaseous mines. by H. H. Clark aJl(1 
R W. Crocker. 1913. 40 pp., 6 pIs. 

BrLL~;TIN 74. Gasoline mine locomotives in relation to safety and health, h.\' 
O. P. Hood and R. H. Kudlich, with a chapter on methods of analyzing exhlluHl 
gases, by G. A. Burrell. 1915. 84 pp., 3 pIs., 27 figs. 

B{;LI.ETIX 90. Abstracts of current decisions on mines and mining, DecemlJPI·. 
19];\. to ~pptember, 1914, by J. W. Thompson. 1915. 176 pp. 

BULLETIN 93. Miners' nystagmus, by F. L. Hoffman. 1916. 67 pp. 
BULLETIN 99. Mine-ventilation stoppings, with especial reference to eonl 

mines in Illinois, by R. Y. Williams. 1915. 30 pp., 4 pIs., 4 figs. 
BULl.ETIN 101. Abstracts of current decisions on mines and mining, Octoi)('r, 

19H, to April, 1915. by J. W. Thompson. 1915. 138 pp. 
BULLETIN 102. The inflammability of Illinois coal dusts, by J. K. Clement 

;md L. A. Scholl, jr., 1916. 74 pp., 5 piS., 22 figs. 
BULI$flN 105. Black damp in mines, by G. A. Burrell,!. 'V. Robertson, lind 

G. G. OlJerfell. 1916. 92 pp. 
BULLETIN 118. Allstracts of current decisions on mines and mining, Octoher 

to necemhf'r, 1m5, hy .T. W. Thompson. 1916. 74 Pp. 
BULLETIN 126. Abstracts of current decisions on mines and mining, January 

to April. 19] 6. by J. W. Thompson. 1916. 90 pp. 
BrLLETIN 131. Approved electric lamps for miners, by H. H. Clark. 1!)17. 

59 pp., 17 pIs., '7 figs. 
BULLETIN 137. The use of permissible explosives in the coal mines of Illi­

nois, by J. R. }'Iemming and J. W. Koster. 1917. 110 pp., 8 pIs., 17 figs. 
T~;CHj,WAT, PAP~:R 2. The escape of gas from coal, by H. C. Porter and }'. K. 

Ovitz. W1l. 14 pp., 1 fig. 
TECHNICAL PAPER 11. The use of mice and birds for detecting carbon mOIl­

oxide lifter mille fire,,; and explosions, by G. A. Burrell. 1912. 15 pp. 
T~:CH]'i;TCAL PAPER 17. The effect of stemming on the efficiency of explosiYPH, 

oy W. O. ~nelling and Clarenc-e Hall. 1912. 20 pp., 11 figs. 1) cents. 
'i'ECHl\'ICAL PAPER 19. The factor of safety in mine electric installations, hy 

H. H. Clark. U112. 14 PP. 
'fECHNICAL PAPER 21. The prevention of mine explosions, report and recmu­

mendationii', by Victor Watteyne, Carl Meissner, and Arthur Desborough. 1912. 
12 llP. 

TECHNICAL PAPER 23. Ignition of mine gaii' by miniature electric lamps with 
tnngstpIl fihlm('nts, by H. H. Clark. 1912. 5 pp. 

TECHNICAL PAPER ::!8. Ignition of mine gas by standard incandescent lamps, 
by H. H. Clark. ]912. 6 pp. 

TECHNICAL PAPER 43. The effect of inert gases on inflammable gaseous mix­
tures, by .T. K. Clpmf'nt. 1913. 24 pp., 1 pl.. 8 figs. 

TECH]'i;ICAL PAI'~;R 44. Safetr electric switches for mines, by H. H. Clark. 
1913. 8 pp. 

TECHNICAL PAPgR 62. Uelative effects of carbon monOxide on smaU animals. 
by G. A. Burrell, J<'. l\I. Seihert, and I. W. Robertf'on. 1914. 23 pp. 

TECHNICAL PAPgR 75. Permissible electric lumps for miners, by H. H. Clark. 
1914. 21 pp., 3 figs. 

TECHNICAL PAPER 82. Oxygen mille rescue ajJparatus and ph~',,;iological effpcts 
on users. hy Yandell Henoprson ano .T. W. Paul. 1917. 102 pp., 5 plii'., 6 fig~. 

TECHNICAL I' Al't:R 84 . .\ietllOds of preventing and limiting: ('xplosiolls ill ('oal 
mines, by G. S. Rice and 1... M. Jones. 1m5. 1iO pp., 14 p);<., ;; figs. 

TECHNICAL PAPER 100. Permissible explosiv€'s tf'stea prior to Mareh 1, 1m.), 
by ~. P. Howell. 1915. 16 pp. 
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TECHNICAL PAPER 10~. Or;.;anizillg 1111d ,"IIllflur-ting ~:lfet~' work in JIlin(~,"" II," 
H. M. 'Wilson and .J. H. FIl'lilillg', 1917. 57 pp., 3:) figs. 

'l'EcIL'le.\L l'Al'EH lOS. ~h()t fil'ing in ('onl minPH hy electricity controllpo fl'om 
the ()ut~idp, IJy H, H. Clark, N. Y. Brpth, lind U. 111. IIIt'an~. 1915. 36 PI'. 

TECH:-IICAL P 1!'lm 112. The explosihility of aCl't~']Pl1e. hy O. A. Burrell HIlIl 

G. G. Ohp]'1'1'11. 11)15. 15 PI'. 
TE!,J-[:\I<'.\L l'A!'l';H 1 Hl. The limits of inflammnliility of mixtures of nwthanp 

and air, iJy U. A. Burrell anil U. U. Oberft'll. U)15. 30 pp., 4 figs. 
TECHNH'AL P,IPEH 121. Effpets of tempe!'llture ana prp,",,,,urp on the exploNi­

bilit~· of lIIethallP-air mixtul'es, by G. A. Burrell Ilno 1. IV. HoiH'rtson. 1fl1G. 
14 pp., 3 figs. 

TECHNICAL PAPER 122. Effects of oxygen deficie~l('y on Kll1aU animllis and Oil 

men, by G. A. Bmrell and G. O. Ohpr1'el1. 1!J1ii. 12 p'p. 
'rECHNICAL PAPER 132. Underground latrines for mines, hy J. H. "'hite. 191 G. 

23 pp., 2 pis., 7 figs. 
TECHNICAL PAPER 134. }<jxplosihility of Iwses from mine firPH, hy O. A. B1II'­

n'll find G. O. Ohprfell. 1916. 31 pp., 1 fig. 
TE('I/i\'[(',IL PAPER U:S. Ruggested safety rules for installing and using elp(,­

tl'i('al t~quiplllellt ill bituminous coal mines, by H. H. Clark and C. M. lIIellflS, 
1917. 36 pp. 

'l'~;CHNICAL PAPER 169. Permis:;:ible explof1ives tpRted prior to .Tlmua!'), 1. 
lD17, by S. P. Howell. 1917. 19 pp. 

'rECHNICAL PAPER 174. Suggpstion:-; for the snfe operation of gasoline engine;; 
in mines, by R. H. Kudlich and Edwin Hig~ns. 1917. 19 pp., 3 figs. 

TECHNICAL PAPER 226. Men who received Bureau of Mines certificate:; of 
mine res(,ue training, ('ompiled by D. J. Pflrker. 191.9. 72 pp. 

MINERS' CIRCULAR 4. The use ulld care of mine re~('ue breathing npparatus, 
hy J. W. Paul. l!)l1. 24 pp., ;j figs. ii cents. 

MINERS' CLRClfL.IH 5. Blectri('al IH'('idp1l1R in mine;., their caUReA and preven­
tion, by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 10 
pp., 3 pIs. 

:\hNJmS' CmcuLAR 7. Use and misu;.:e of explosivps in coal mining, hy J .. T. 
Hutledge, with a preface hy .J. A. Holmes. 1!n3. 52 pp., 8 figs. 

l\[Il\,~;RS' CIRCL:I4\R 9. A('('ioents from falls of !'Oof and coal, hy G. R. Hiee. 
1 !l12. 16 pp. 

J\[Il'mRS' CIRCT;LAR 10. Mine tires ana ho\\" to fight them, by .T. IV. Paul. 1m2. 

14 IlP. 
l\hNERS' CIRCULAR 11. A('('idents f!'Om mine (,llrs find 10eolllotivP'l, hy L. l\1:. 

.foIlPs. 1902. 16 pp. 
MINERS' CIRCTTLAR 12. rHe aIHl ('nre of miners' I"aft'ty lamps, hy .I. IV. 1':1111. 

1 !)13. lG PI)., 4 figs. 
IIrrXERS' ('rncCTT.AR 13. Rllft't~· in tunneling. h~' D. 'V. Brunton and .J. A. navis. 

1913. 19 ]1]1. 

MIN~;RS' C'TIWI'LAR 14. GIlKPS flluIHI ill ('olll mines, hy G. A. Burrell HIHl F. }!. 
Reibert. W1.R 23 PI). 

MINERS' CIRCULAR 16. Hints on ('oHl-mine ypntillltiol1, hy .T. .T. Hntlpo,l!;('. 

1914. 22 PI'. 
l\IINERS' 0IR(,ULAR 18. Notes on mint'J's' ('Ilrhide lllmps. hy .J. IV. Panl. 1!11:>, 

11 pp. 
lIIINERS' CIRCULAR 21. ~rhat a miner {'an do to preyent explosiolls of gas 'Ilitl 

of ('oal oust, hy O. S. Rice. 1915. 24 PI'. 
lIIINERS' CIRCULAR 22. Dangerous ana safe pI'Hf'tif'es in bituminous ('oal 

mines, by Edward Steidle. 1919. 110 pp., 181 figs. 
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MINERS' CIRCULAR 23. Elementary first aid for the miner, by W. A. Lynott 
and D. Harrington. 1916. 24 pp., 19 figs. 

Rescue and recovery operations in mines after fires and explosions, by J. 'iV. 
Paul and W. M. Wolflin. 1916. 109 pp. 

Advanced first·aid instructions for miners, a report on standardization, by a 
committee of surgeons: G. H. Halberstadt, A. F. Knoefel, W. A. Lynott, 'iY. S. 
Rountree and 1\1. J. Shields. 1917. 142 pp., 65 figs. 

PUBLICATIONS THAT MAY BE OBTAINED ONLY THROTTOH THE SUPERIN­

TENDENT OJ<' DOCUMENTS. 

BULLETIN 10. The use of permissible explosives, by .T. J. Rutledge and CIaI'· 
ence HalL 1912. 34 pp., 5 pls., 4 figs. 10 cents. 

BULLETIN 25. Mining conditions under the city of Scranton, I'a., report and 
maps, by William Griffith and E. T. Conner, with a preface by .T. A. Holmes 
and a chapter by N. H. Darton. 1912. 89 pp., 29 pls. 50 cents. 

BULLETIN 26. Notes on explosive mine gases and dusts, with especial refer· 
ence to explosions in the Monongah, Darr, and Naollli conl mineR, by R. T. 
Cbamberlin. 1912. 67 pp., 1 fig. 10 cents. 

BULLETIN 44. First national mine·safety demonstrHtion, Pittsburgh, PH., 
October 30 and 31, 1911, by H. M. Wilson and A. H. Fay, with a chapter on 
the explosion at the experimental mine, by C. S. Rice, 1912. 75 pp., 8 pls., 
4 figs. 15 cents. 

I:eLLETIN 61. Abstrads of current decisions on mines and mining, Octolwl', 
1912, to March, 1913, by J. W. Thompson. 1913. 82 pp. 10 cellts. 

BULLETIN 72. Occurrence of explosive gases in coal mines, by N. H. Barton. 
1915. 248 pp., 7 pls., 33 figs. 35 rents. 

BULLETIN 79. Abstracts of current decisions on mines and mining, March to 
Deeember, 1913, by .J. W. Thompsoll. 1914. 140 pp. 20 cents. 

BULLETIN 82. International conference of mine .experiment stations, Pitb,· 
burgh. Pa., September 14-21, 1912, compiled by G. S. Rice. 1914. 99 pp. 15 
cents. 

BULLETIN 83. The humidity of mine air, with especial reference to coal min!'') 
in Illinois, by R. Y. Willinms. 1914. 69 pp., 2 pIs., 7 figs. 10 cents. 

BuLLETIN 94. United States mining statutes annotated, by J. W. Tllom])soll. 
1915. 1772 pp. In two parts, not sold separately. Cloth, $2.50 per set; 
paper, $2. 

BULLETIN 113. Abstracts of current dpci"iollS on mine,; and mining, May to 
September, 1915, by J. ,V. 'l'hompsoll. 1916. 72 pp. 10 cents. 

BULLETIN 143. Abstracts of current decisions on mines and mining, .May to 
August, 1916, by J. W. Thompson. 1916. 72 pp. 10 cents. 

BULLETIN 147. Abstracts of current decisions on mines and mining, SeptplIl· 
bel' to December, 1916, by J. \V. Thompson. 1917. 84 pp. 10 eents. 

BULLE'fI2'I 152. Abstrads of current deeisions on mint'S and mining, Januury 
to April, 1917, by J. W. Thompson. 1917. 79 pp. 10 cents. 

BULLETIN 159. Abstracts of eurrent decisions on mines and mining, May to 
August, 1917, by J. W. Thompson. 1917. 111 pp. 15 cents. 

TECHNICAL PAPER 13. Gal" anal~'sis as an nid in fighting minp fires, by G. A. 
Burrell aml F. ~f. Seibert. 1m2. 16 pp., 1 fig. u cents. 

TECHNICAL PAPER 14. Apparatus for gas·annl~·sis lahoratories at coal milws, 
by G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. 5 cents. 

TECHNICAL PAPER 24. Mine fires, a preliminary study, by G. S. Rice, 1912. 
51 pp., 1 fig. 5 ccnts. 
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TECHNICAL PAPER 2D. Truining with JlIinp-reseue hre'ltlJing apparatus, by 
J. "Y. Paul. 1912. 16 pp. 5 cents. 

TECHNIC!AL PAPER 39. The inflammable guses in mine air, by G. A. Burrell and 
F. M. Seibert. 1913. 24 pp., 2 figs. fi cents. 

TECHNICAL PAPER 47. Portable electric mine lumps, by n. H. Clark. 1913. 8 
pp. 5 cents. 

TECHNICAl. PAPER 56. Notes on the preyention of gas unu dm;t explosions in 
coni ltlirwi4, by G. S. Rice. 1913. 24 pp. 5 cents. 

Tl,CHNlCAL PAPER 67. l\line signboards, by Edwin Higgins and gdwar,l Steidle. 
191fl. 15 pp., 1 pl., 4 figs. 5 cents. 

'.rECHNWAL PAPER 77. Report of the COlnmittee 011 Resuscitation frolll Mine 
GUHPS, by ,Yo H. Cannon, G. "V. Crile, .Toseph Erlanger, Yandpll Il(~llderRon, and 
s .. J. l\:IPltzer. 1914. 35 pp., 4 figs. 5 cents. 

TECHNICAL PAPER 101. Permissible explosion-proof elf!ctrie moton, for mines; 
conditions anll requirements for test and approval, by II. II. Clark. 1915. 14 
pp., 2 pIs., 1 fig. 5 cents. 

MINERS' CIRCULAR 15. Rules for mine rescue and first-aid fielrl contests, by 
J. W. Paul. 1913. 12 pp. 5 cents. 

o 




