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This invention relates to new and useful im 
provements in a method of and means for firing 
a plurality of electric firing elements and par 
ticularly to the firing of a plurality of series 
of electric firing elements. While especially ap 
plicable to the firing of blasting charges of explo 
Sives and particularly in relatively large num 
bers, it is also applicable to many other fields, 
including, for example; artillery, tear-gas instal 
lations, propellent charges for prime-movers, etc. 
The chief objects of the invention are: (1) to 

increase the number of electric firing elements 
that may be fired with a source of current, such 
as an electric generator, (2) to improve the relia 
bility with which large numbers of electric fir 
ing elements may be fired with a given source 
of current, through the reduction of the number 
of misfires that may occur due to current leak 
age, and (3) to increase the flexibility and utility 
of electric firing element systems toward im 
proved firing control and technique. 

Broadly, my improved method of firing a plu 
rality of electric firing elements comprises the 
imparting of electrical energy from a source of 
Current to a plurality of circuits, each of which 
comprises one or more electric firing elements 
connected in series, through a time-switch mech 
2nism adapted to actuate the several circuits at 
progressively different times. 

Long eXperience and present practices show 
that certain formations may be blasted more sat 
isfactorily by firing a number of separate charges 
of eXplosives than by firing one concentrated 
charge of explosive having a weight equivalent 
to the combined weight of the separate charges. 
If a Suitable electric blasting cap is embedded in 
each of a plurality of separate charges and these 
electric blasting caps are connected into a single 
circuit so that each one will receive adequate and 
cqual current when the firing current is applied 
to the circuit, the electric blasting caps will fire 
sinutaneously and detonate at the same time 
the explosive charges in which they are em 
bedded. Y. 

In certain blasting operations there has devel 
oped a demand for a method of initiating the 
detonation of a Series of Separate charges of ex 
picsives simultaneously and, a fraction of a sec 
(nd thereafter, initiating the detonation of a 
second series of separate charges of explosives 
simultaneously. The commercial types of delay 
clectric firing elements; meaning any such type 
C. f firing element that may be actuated in the 
same Series with instantaneous firing elements, 
afford time intervals ranging from .005 second 

(C. 175-91) 
upward; the methods for obtaining the very short 
delay intervals being confined mostly to altera 
tions and variations in the inflammable flash 
composition. The longer delay intervals, about 
0.10 second and greater, are usually obtained by 
using time fuses between the igniting elements 
and explosive charges. Commercial types of de 
lay electric firing elements are not nearly accu 
rate enough in time of firing to provide the requi 
site delay action between series along with the 
desirable simultaneous action in the Succeeding 
series. In general, it may be said that the time 
of firing of any series of delay type of firing 
elements is ragged as compared to the simulta 
neous action of a series of instantaneous electric 
blasting capS. 
This progressive firing of a plurality of series 

of charges can not be accomplished by means 
of detonating fuse because it is well recognized 
that the velocity of detonation of the fuse plays 
an important part in its action. A number of 
explosive charges may be detonated progreSSively 
by means of detonating fuse. Theoretically, it 
would also be possible, under certain limiting 
conditions, to detonate a plurality of Series of 
explosive charges by means of detonating fuse 
so that all charges in any particular Series would 
explode simultaneously. However, such a meth 
od would be very impractical and beyond the skill 
and training of the average shot firer. 
Within certain current limits the time of firing 

of any particular brand of correctly designed and 
carefully manufactured electric blasting caps va 
ries inversely as the magnitude of the current 
applied. By means of an oscillograph it is pos 
sible to determine accurately the time that it 
takes to fire a particular electric blasting cap 
with a certain current value. If this process is 
repeated, using current values from what is 
known as the minimum firing current, which is 
about 0.4 ampere to 3.0 amperes, the time-cur 
rent values may be plotted and joined with a line 
giving a parabola, type of curve. 
A study of such a graph reveals that if it were 

possible to apply at the same time a current 
of greater magnitude to One series of electric 
blasting caps than is applied to a second Series 
of electric blasting caps, the first Series would 
be expected to fire before the Second. 
This has been accomplished by connecting two 

series of unbalanced resistance in parallei, as 
disclosed in McBride's U. S. Patent No. 1,738,595. 
This method has a number of disadvantages such 
as the unnecessary addition of electrical resist 
ance in some cases, which is not desirable, and 
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the inherent inflexibility of the method. For 
example, the number of holes to be fired might 
be of such magnitude that the addition of elec 
trical resistance to unbalance one or more of the 
circuits would cause an overload on the Source 
of current which in turn would be likely to cause 
misfires. 
Under my invention, it is entirely practical to 

initiate the detonation of a series of Separate 
charges of explosives simultaneously and a frac 
tion of a second thereafter to initiate the det 
onation of the charges of a second Series, Simul 
taneously, without resorting to unsatisfactory 
delay types of electric firing elements, without 
resorting to the use of the unbalanced Series in 
parallel method and without increasing the poS 
sibility of misfires due to having a large num 
ber of caps in Series. 
The same time intervals as are obtained by 

the unbalanced series in parallel method and 
greater time intervals may be developed accord 
ing to my invention by using, for example, a 
standard, manually actuated, shunt or compound 
wound blasting machine equipped With two or 
more firing switches and three or more binding 
posts. These firing switches are adjusted so that 
when the machine is being operated the first fir 
ing switch will close and fire the series of elec 
tric blasting caps connected in No. 1 circuit a 
fraction of a second before the series of electric 
blasting caps connected in No. 2 circuit. The 
difference in time of firing of the two series 
may be regulated within certain limits by the 
difference in time of closing of the two switches. 
As a non-limiting example, it is possible to ob 
tain time intervals of the magnitude of about 
.005 to about .035 second With a standard shunt 
wound blasting machine equipped with two 
SWitches. 
The current Wave of the shunt wound type 

of manually operated blasting machine has a 
duration of about one quarter of a second. The 
time required for a current of 1.5 amperes to fire 
a Series of a Well known type of electric blast 
ing caps, is but 0.002 to 0.003 second. With the 
time switch arrangement, the full output of the 
blasting machine is available for No. 1 'circuit 
which fires first and before the Switch for No. 
2 circuit closes. Since No. 1 circuit is broken be 
fore the Switch for No. 2 circuit closes, the en 
tire output of the machine is available for No. 
2 circuit. In making the connections for such a 
blast, precautions must be taken to arrange the 
Wires so that any debris thrown by a hole in No. 
l circuit will not break No. 2 circuit prematurely. 
Also, depending upon the proximity of adjacent 
Series, the time intervals between such series 
must be Small enough to insure that the explo 
Sion of the charges in one circuit will not dis 
rupt the electrical circuit in the next succeed 
ing Series. In certain types of blasting in soil 
or mud, time intervals of .10 second or greater 
between the firing of charges of explosives may 
be desired. As previously indicated, the use of 
time fuses to obtain such delays frequently re 
Sults in inaccurate and non-simultaneous fir 
ing. Consequently, although my invention per 
tains to a method and apparatus for initiating 
the detonation of separate charges of explosive 
Successively Within a fraction of a second, it is 
not to be limited to particular time intervals 
other than that such intervals be greater than 
the time required to fire the first Series of fir 
ing elements and, depending upon the type of 
blasting, proximity of shots, etc., iess than the 

2,081,633 
time required for an explosion resulting from 
the firing of one series of firing elements to dis 
rupt the electrical connections of the Succeeding 
series, as distinguished from shorter or longer 
time intervals which result neither in an in 
crease in the firing capacity of a blasting machine 
nor in the control of debris. 
In the accompanying drawing:- 
Figure 1 is a diagrammatic view of a Standal'd, 

manually operated blasting machine having an 
extra switch applied thereto. 

Figure 2 is a diagrammatic view of the wiring 
employed in conjunction with the machine of 
Figure and 

Figure 3 is a diagrammatic view illustrating 
the utilization of three circuits instead of two. 

Like numerals designate corresponding parts 
in all the figures of the drawing. 
In the conventional type of blasting machine 

such as that illustrated in Figure 1, a rack bar 
5, when thrust downwardly by means of a handle 
6, imparts a quick spin through suitable gear 
ing indicated at 7, to the armature of the gen 
erator 8. After the generator has picked up 
speed and built up electrical energy, the lower 2 
end of the rack bar acts upon a can lug 9 to 
close the electric circuit by bringing the contact 
foot to into engagement with contact strip . 
Since the rack bar 6 is manually operated by a 
downward thrust, the velocity increases from 
zero at the beginning of the stroke to a maxi 
mum, at the end of the stroke and the armature 
has an accelerated movement throughout. 
In carrying out the present invention, I pro 

vide a second cam lug 2 so that continued down 
Ward movement of the rack bar will act to thrust 
a contact foot 3 against a second contact strip 
4 to thereby close a second circuit. The Wir 

ing is illustrated in Figure 2. Here the contact 
strip 4 is connected by a conductor 5 with a 
binding post 6. The contact strip is con 
nected by a conductor 7 with a binding post 8, 
and the elements by which the feet 0 and 3 
are carried, are connected by conductors f9 and 
20 to the generator windings, indicated at 2; 
these latter being likewise connected by a conduc 
tor 22 with binding post 23. 

If two separate circuits are employed in each 
of which a plurality of charges are arranged in 
series; said circuits having the binding post 23 
as one common terminal and having their other 
terminals represented by the binding posts 6 
and 8, it follows that the series included in the 
No. 1 circuit, which has the binding post 8 as 
one of its terminals will be fired first, and that i. 
upon continued downward movement of the rack 
bar, the No. 2 circuit will be completed and the 
charges therein will be fired. The second cam lug 
f2 is operated toward the end of the downward 
movement of the rack bar when the velocity of 
the airmature is approaching a maximum. This 
ensures a maximum potential acroSS the terminals 
of the No. 2 circuit. 
In Figure 3 I have illustrated means for firing, 

in succession, the charges in three separate Cir 
cuits. Here 25 designates any convenient source 
of electric energy, such as a power line, gen 
erator, battery, or blasting machine, and which 
Inay yield either alternating or direct current, 
26 indicates a Suitable Switch comprising a rota 
tive member 27 of non-conductive material, and 
carrying a contact segment 28 which, during the 
rotation of member 2, nakes contact successively 
with contact blocks 29, 30, and 3. These blocks 
are included in circuits 32, 33 and 34; said cir 
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2,081,633 
cuits all having a common return 35 leading to 
the Source of electric energy 25. A conductor 36 
connectS the Source 25 with the contact segment 
28. 
When the element 27 is rotated the circuits 32, 

33 and 34 are successively energized, and as each 
circuit is energized, the electric firing elements 
37 therein are fired simultaneously. 
In order for this method to function satisfac 

torily it is necessary that the current be of sufi 
cient strength to fire each series of electric blast 
ing caps (about 1.5 amperes) and of sufficient 
duration, meaning the sum of the times required 
to fire each Series plus the sum of the time inter 
Wals provided for between each series. 
using a blasting machine for this method of fir 
ing a plurality of series of electric blasting caps, 
I prefer to use the shunt or compound wound 
type because of the longer current duration. 
Bureau of Mines Bulletin No. 240, page 81 states 
"The chief characteristic of this waveform, which 
distinguishes it from discharge waves of series 
machines, is a shorter length of pulsation of the 
Wave and a greater number per second, making 
a more Sustained value of current.' 
Another important advantage which results 

from this method of firing a plurality of series of 
electric blasting caps through a time-switch 
mechanism is that the firing capacity of the blast 
ing machine is increased. By actual tests on a 
Standard 50 shot shunt wound machine, it has 
been determined that by the addition of one extra 
closing Switch and one extra binding post the 
firing capacity of the machine may be doubled. 
Previous to this invention attempts have been 
Inade to increase the firing capacity of a particu 
lar type of machine by increasing the size of the 
Various parts. The difficulty with this method 
has been that the size is limited by the allowable 
Weight of the machine and the man power of the 
aVerage operator. 
The chances of current leakage from a series 

Circuit and the chances of some of the electric 
blasting caps misfiring, increase in some propor 
tion to the number of electric blasting caps con 
nected in the Series. (See Bureau of Mines 
Technical Paper No. 471). It is generally rec 
Ognized that the chances of failure are much less 
if 100 electric blasting caps are connected in two 
Series of 50 electric blasting caps each than in 
One Series of 100, When the same voltage is avail 
able for each of the 50 cap series as would be 
available for the 100 cap series. Thus by a more 
judicious application of the current from the 
blasting machine, it is possible to utilize part of 
the output that Would normally be dissipated to 
fire an additional number of electric blasting 
caps. This may be done with but a negligible in 
crease in Weight of the blasting machine. 
From the description and specifications given 

above, it will be apparent that my invention offers 
three distinct advantages in the firing of explosive 
charges, namely: (1) it provides a definite time 
interval or a delay action between successive 
Series, (2) it offers a simple and very economical 
method for increasing the firing capacity of blast 
ing machines, and (3) it discloses a means 
Whereby in firing a large number of electric blast 
ing caps, as one blast, the chances for misfires 
may be reduced. 

It will be understod that I do not intend that 
my invention shall be limited to the firing of 
CCmmercial explosives, nor to any particular 
Source of electrical energy, nor to the use of any 
particular type of firing element, nor to the use 

When 

3 
of any particular type of time-switch since it is 
adaptable to other uses, as for example, the firing 
of guns and may be used with any suitable source 
of electrical energy, any form of electrically 
operated firing element and any suitable type of 
time-SWitch. 
By the term "electric firing element', I mean 

any device that embodies either an electrically 
heated bridge-wire or spark gap associated with 
a flash composition which becomes ignited 
thereby with the passage of sufficient current 
through the said bridge-wire or spark-gap. They 
may be in any convenient form and embodied in 
combination with any inflammable or explosive 
or detonating charge, the initiation of which is 
desired, as for examples, electric detonators, elec 
tric squibs, electric propellent cartridges, elec 
trically fired rockets, electrically fired tear gas 
cartridges, etc. 
When a number of so-called instantaneous 

electric blasting caps are connected in a single 
series and an electric current of adequate 
strength is applied to the circuit to cause all of 
the electric blasting caps to detonate, they are 
said to fire simultaneously. I recognize that 
there may be very minute differences in time of 
detonation of the individual electric blasting caps 
in the series, which differences are measurable 
With sensitive electrical recording devices. I use 
the term “simultaneous firing' in the generally 
accepted meaning of the term as applied to elec 
tric blasting, which means all firing within the 
variations in time that may be expected of any 
reliable brand of properly designed and care 
fully manufactured electric blasting caps. 
By the term “shunt wound blasting machine' 

I mean an electric blasting machine having a 
shunt winding in the generator field. I wish it to 
be understood that the generator field may have 
a shunt winding only, or it may have a shunt 
winding and an additional series winding; the 
latter type being commonly known as a con 
pound wound generator. 

Having described my invention, what I claim 
S. 1. The method of firing electrical firing ele 
ments which comprises generating current by a 
singie manual operation of a shunt wound blast 
ing machine, imparting current so generated to a 
plurality of circuits, each of which comprises at 
least one electrical firing element connected in 
series, through a time switch mechanism adapted 
to actuate each circuit at progressively different 
times; the time intervals betWen the actuation 
of consecutive series circuits being within the 
range of .005 to .035 second. 

2. The method of firing electrical firing ele 
ments which comprises generating current by a 
single manual operation of a shunt wound blast 
ing machine, imparting current SO generated to a 
plurality of circuits, each of which comprises at 
least one electrical firing element connected in 
series, through a time switch mechanism adapt 
ed to actuate each circuit at progressively dif 
ferent times; the actuation of the first of Said 
circuits occurring near the end of Said single 
operation and the time intervals between the ac 
tuation of consecutive Series circuits being great 
er than the time required for the source of cur 
rent to fire the preceding series. 

3. The method of firing electrical firing ele 
ments which comprises generating current by a 
Single Inanual Operation of a shunt Wound blast 
ing machine, imparting current So generated to 
a plurality of circuits, each of which comprises 
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at least one electrical firing element connected 
in Series, through a time-switch mechanism 
adapted to actuate each circuit at progressively 
different times, the time intervals between the 
actuation of consecutive series circuits being at 
least .002 second. 

4. The method of electrically firing explosive 
charges which comprises generating current by 
a Single manual operation of a shunt-wound 
blasting machine imparting current so gener 
ated to a plurality of series of explosive charge 
firing elements through a time-switch mecha 
nism adapted to actuate each series circuit at 
progreSSively different times; the time intervals 
between the actuation of consecutive series cir 
cuits being at least .002 second. 

5. The method of electrically firing explosive 
charges Which comprises generating current by 
a single manual operation of a shunt-wound 
blasting machine imparting current so generated 
to a plurality of series of explosive charge firing 
elements through a time-switch mechanism 
adapted to actuate each series circuit at progres 
Sively different times; the actuation of the first 
of the Series circuits occurring near the end of 
Said Single Operation and the time interval be 
tween the actuation of consecutive series circuits 
being greater than the time required for the 
Source of current to fire the preceding series. 

6. In combination with a manually operated, 
Single Stroke shunt-wound blasting machine 
having a transient output capacity and compris 
ing an actuating part, a plurality of circuits 
each containing at least one electrical firing ele 
ment connected in series, and circuit closing 
means for said several circuits incorporated in 
Said blasting machine and means for actuating 
Said circuit closing means successively at inter 
vals of at least .002 second under the movement 
Of Said actuating part. 

7. In combination with a shunt-wound blast 
ing machine comprising a single-stroke, longitu 
dinally movable rack bar and a generator actu 
ated by the movement of said bar, a plurality of 
independent electric circuit closing elements; 
each of Said closing elements being connected by 
means of Separate electrical conductors to a plu 
rality of binding posts on the machine adapted 
for connection to a plurality of external circuits 
and each of Said closing elements being disposed 
at pointS Spaced from each other along the line 
of movement of the rack bar and adapted to be 
moved to closed position successively under the 
movement of the rack bar, whereby successive 
energization of the external circuits is effected 
under a single stroke of the rack bar. - 

8. A structure as recited in claim 7, wherein 
the Spacing of said circuit closing elements along 
the path of movement of the rack bar is such 
that the time intervals between the actuation of 
consecutive series circuits are greater than the 
time required for the Source of current to fire 
the preceding series. 

9. In combination with a shunt-Wound blast 
ing machine complising a single-stroke, longi 
tudinally movable rack bar and a generator actu 
ated by the movement of said bar, a plurality of 
independent electric circuit closing elements; 
each of said closing elements being connected 
by means of separate electrical conductors to a 
plurality of binding posts on the machine adapted 
for connection to a plurality of external circuits 
and each of said elements being disposed at points 
spaced from each other along the line of nove 
ment of the rack bar and each Of Said elements 
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comprising a laterally movable spring strip, said 
Strips being provided with cam, projections having 
beveled upper faces adapted to be contacted suc 
cessively by the lower end of the rack bar to 
thereby Successively energize the respective ex 
ternal circuits. 

10. A structure as recited in claim 7, wherein 
the spacing of the circuit closing elementS is 
such, with respect to the capacity of the blasting 
machine, that a plurality of electrical blasting 
caps connected to the first of said binding posts 
Will be fired prior to the closing of the next Suc 
ceeding circuit, while the firing of the caps in a 
succeeding circuit will follow the firing of the 
caps in a preceding circuit in Such a limited 
time as to prevent the firing of the caps in the 
first circuit from disrupting or disarranging the 
wires and caps of the succeeding circuit. 

11. The method of progressively firing a plu 
rality of electric firing elements which comprises 
inducing current in a conductor by movement 
of the conductor through a field at least a part 
of which is built up by the induced current, pass 
ing current so induced through a first electric 
firing element to fire the same, continuing the 
movement of the conductor and the induction of 
current in the conductor after passing current 
through said first electric firing element, and 
passing current induced by the continued move 
ment of the conductor through a second electric 
firing element to fire the same, the initial passage 
of current through said Second electric firing ele 
ment occurring within .005 to 0.35 second after 
the initial passage of current through Said first 
electric firing element. 

12. The method of progressively firing a plu 
rality of electric firing elements which comprises 
inducing current in a conductor by movement 
of the conductor through a field at least a part 
of which is built up by the induced current, 
passing a portion of the current So induced 
through a first electric firing element to fire the 
same, continuing the movement of the conductor 
and the induction of current in the conductor 
after passing current through said first electric 
firing element, and passing current SO induced 
through a second electric firing element to fire 
the same, the time interval between the initial 
passage of current through said first element 
and the initial passage of current through Said 
second element being greater than the time re 
quired for the current to fire Said first element 
and not great enough to permit the explosion 
initiated by the firing of said first element to 
disrupt the electrical connection of said second 
element. 

13. The method of progressively firing a plu 
rality of electric firing elements which comprises 
manually inducing current in a conductor by 
movement of the conductor through a field at 
least a part of which is built up by the induced 
current, passing current so induced through a 
first electric firing element to fire the Same, 
continuing the movement of the conductor and 
the induction of current in the conductor after 
passing current through said first electric firing 
element while utilizing induced current to main 
tain the field, and passing current so induced 
through a second electric firing element to fire the 
same, the time interval between the initial pas 
sage of current through said first element and 
the initial passage of current through said Second 
element being of the order of .002 to .10 second. 

14. The method of progressively firing a plu 
rality of electric firing elements which comprises 
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inducing current in a conductor by movement 
of the conductor through a field at least a por 
tion of which is built up by the induced current, 
passing a portion of the current so induced 

of the second Switch. 
19. The method of firing electrical firing ele 

ments which comprises the imparting of the 
transient electric current generated by a single 
stroke of a shunt wound blasting machine to a 

S. 
plurality of circuits, each of which comprises a 
plurality of firing elements connected in series, 
through a time switch mechanism adapted to ac 
tuate each circuit at progressively different 

through a first electric firing element to fire the times; the time intervals between the actuation of 5 
same while utilizing substantially all of the re- consecutive series circuits being greater than the 
El R the E. t E. time required for the source of current to fire the 
eid, continuing the movement o e COnductor preceding series. 

and the induction of current in the conductor 20. A manually operated, single stroke, blast 
after paSSling current through said first electric ing machine having a limited capacity to fire on 10 
firing element while utilizing induced current a single stroke electric firing elements connected 
to maintain the field, and passing current in- in single series, and comprising a shunt wound 
duced by the continued movement of the con: clectric generator, at least two firing switches ductor through a second electric firing element operated in sequence, and at least three binding 
to fire the same, the initial passage of current posts for connection to a plurality of external 15. 
tral sees le: E, le i. firing circuits, the time interval between the op • e o 3e eration of any two of the said firing switches be 

EEE, Eurrent through Said first elec- ing at least .002 second. C ent. 21. A manually operable blasting machine 
15. The method of progressively firing a plu- comprising a R. E. elina. for. 20 
E.S.E.E. E.E.E.E.E.E.E. ing a member movable along a limited, substan 
it. It's G. sists: E. tially longitudinal path, at least three binding R .." E" s". posts for connection to a plurality. of external 

through a first electric An element to fire the E. d"E. d at list two firing switches 25 OC36C 303C6 f 
Same, continuing the accelerated movement Of ranged to SEA sun. "..." 
the conductor and the induction of current in bertoward the end of its movement, the time 
E.S.E.S.E interval between the operation of any two of the a second electric firing element to fire the same Said switches being greater than the time re- 30 i.e., S. Editofre group corrent through said E.element and the ini fi/3. eis is fring elements connected in series in . f • 'Alan external circuit. E. EGE icond element "722. A manually operable blasting machine 

cg A blasting machine 'NSE a current comprising a shunt wound electric generator, at 35 
generator means for conducting generated cur- le: E. firing SWitches, means for operating the 
rent to a first exterior circuit including a first SWIC in sequence, and at least three binding 
Switch, means for conducting generated current )osts or connection to a plurality of external 
to a second exterior circuit including a second firing circuits, the time interval between the oper 
switch, and means for closing the second SWitch E".'", dWO 'E' said firing switches be- 40 Y. ling O e Order O. to .10 Second. 

Eas Second after the closure of 23. A manually operable blasting machine 
17. A machine for progressively firing a plu- comprising a shunt Wound electric generator, at 

rality of electric firing elements comprising at least E. firing Switches, means for operating the 5 
least three terminals adapted for connection to SWitches in sequence, and at least three binding 
Wetaining circuits and a time switch ESSESSCO, to purity of external 
mechanism constructed and arranged to dis- firing circuits, and wherein the time interval be 
tribute a supply of current to one of the external tween te Operation of any two of the Said. Suc 
circuits after the distribution of current to the CeSSlVely Operated firing SWitches is at least as 
other external circuit, Said time SWitch mecha- great as the time required for the generated cur- 50 
nism including a first switch, a Second SWitch, rent to fire a group of electric firing elements 
and a member operative to close the Second SWitch. COnnected in series in an external circuit, but not 065035 second after the close as great is the time required for an explosion of the first switch resulting from the firing of one outside circuit 

18. Apparatus for distributing a supply of cur- to disrupt the electrical connections of the next 55 
rent to progressively fire a plurality of electric sugging NE "Sibi firing elements comprising at least three ter- . A manually operable blasting machine 
minais adapted for connection to a first external Comprising a. shunt WOund electric generator , at 
firing circuit and a second external firing circuit. least tWo firing SWitches, means for operating the 60 
a first switch, a, connection from said switch to SWitches in sequence, and at least three binding 
the supply of current, a connection from said postS for connection to a plurality of external 
SWitch to one of Said termin als, a Second SWitch firing circuits, and wherein the time interval be 
a connection from said second switch to the sup tween the operation of any two of the said firing 
ply of current, a connection from said second Switches, operated consecutively, is within the 65 
switch to a second of said terminals, means for range of .005 and 085 second closing said first SWitch and for closing the Second 25. The method of electrically firing explosive 
switch within .005 to .035 second after the clo- charges which comprises the imparting of the 
sure of the first switch, said means retaining the electric current generated by a single operation of 
first switch in closed position during the closure a shunt wound blasting machine to a plurality to of series of explosive charge firing elements 

through a time switch mechanism adapted to ac 
tuate each series circuit at progressively different 
times: the time interval between the actuation 
of consecutive series circuits being greater than 75 
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the time required for the Source of current to 
fire the preceding series, and wherein the time 
interval between the actuation of Consecutive 
Series circuits is not great enough to permit an 
explosion resulting from the firing of the ex 
plosive charge firing elements in One Series to 
disrupt the electrical connection of the next Suc 
ceeding series before the latter is fired. 

26. The method of operating a single stroke 
manually operable, shunt wound blasting ma 
chine having a limited capacity to fire on a single 
stroke electric firing elements connected in single 
Series, which comprises imparting substantially 
the maximum current output of the machine ex 
clusively to a first series of electric firing ele 
ments toward the end of the stroke, firing said 
first series to thereby break the series circuit, 
and thereafter imparting Substantially the maxi 
mum current output of the machine exclusively 
to a Second Series of electric firing elements be 
fore the completion of the stroke. 

27. In a blasting machine, the combination of 
a shunt wound electric generator, means for ac 
tuating the said generator, a plurality of cir 

2,081,633 
cuit closing Switches so arranged as to conduct 
current from said generator to a plurality of out 
side circuits, and means for closing the Said 
Switches successively under the influence of the 
said generator actuating means; the spacing be 
tween the several switches and the Speed of 
operation of the said switch closing means being 
so regulated as to provide a time interval of at 
least .002 second between the closing of any tWO 
Switches. 

28. In a blasting machine, the combination of 
a shunt Wound electric generator, means for ac 
tuating the said generator, a plurality of circuit 
closing Switches So arranged as to Conduct cur 
rent from said generator to a plurality of out 
side circuits, and means for closing the Said 
Switches successively under the influence of the 
Said generator actuating means; the Spacing be 
tween the several Switches and the speed of oper 
ation of the said SWitch closing means being So 
regulated as to provide a time interval from .005 
to .035 second between the closing of any two 
SWitches. 

DAVID M. MCFARLAND. 
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It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page ), second 
column, line 33, claim ill, for "O.35" read O2,5; and that the said Letters 
Patent should be read with this correction there in that the same may conform 
to the record of the case in the Patent Office. 
Signed and sealed this 29th day of March, A. D. l938. 

(Seal) Henry Wan Arsdale, 
Acting Commissioner of Patents. 


