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This invention has to do with blasting Figure 3 is a view on line 3-3 of Figure 
equipment of the type in which the charge 
contained in an electrical blasting cap or 
“squib' is ignited by an electric current gen 
erated by a dynamo operated by the work 
man. Such equipment is customarily so de 
signed that the dynamo and all of the oper 
ating parts are compactly assembled so that 
they may be readily transported as a unit 
and connected to the squib or squibs by suit 
able wiring. The dynamo is designed for 
hand operation. 
The problem is presented of securing the 

maximum electrical discharge from the slight 
apparatus within convenient size and weight. 
The prior apparatus of this type with 

which we are familiar has consisted essential 
ly of a manually operated series or shunt 
wound direct current generator. The series 
machine is normally short circuited and con 
nected to the squibs so that, upon breaking 
the short circuit, an electric current passes 
through the resistance unit in the squibs, pro 
ducing the heat that fires the charge. The 
efficiency of these devices was comparatively 
low and the energy delivered at the squib was 
correspondingly small in amount so that it 
was necessary to provide a range of machines 
differing in size and power depending upon 
the number of squibs to be fired at one time. 

It has been our object to improve the effi 
ciency and power output of this type of blast 
ing equipment so that one generator will 
Eile sufficient energy to fire a large num 
er of squibs and will be sufficiently com 

pact so that it may be readily transported. 
By applying to this equipment the inventions 
herein set forth we have succeeded in de 
veloping a blastling machine which will fire 
as many as 550 squibs in series as compared 
with prior machines of practically the same 
size that had a capacity of 120 squibs. The 
details of the invention are set forth in the 
following specification wherein: 
Figure 1 is a side elevation of our im 

proved blasting machine. 
Figure 2 is a section on line 2-2 of Fig 

amount of power available, and to keep the 

1 with parts in section. 
Figure 4 is a section on line 4-4 of Fig 

ure 3. 
Figure 5 is a somewhat diagrammatic view 

of the end of the generator to which the op 
erating mechanism is applied. 

Figure 6 illustrates the circuit employed, 
while Figure 7 shows the arrangement of 
contacts of the multi-point breaker switch. 

Figures 8 and 9 are detail views of the 
clutch collar secured to the shaft of the gen 
erator. - 

Figure 10 shows one of the electrical blast 
ing caps or squibs as it appears in section. 
As the blasting machine is especially de 

signed for use with the conventional elec trical blasting cap or squib shown in Figure 
10, this will first be described. The squib 
comprises a paper cartridge 50 containing a 
short length of platinum wire 52 of small di 
ameter and correspondingly high resistance. 
In actual practice the wire employed is .0015 
in diameter and about 4' long. This wire is 
connected to the two lead-in wires 54 and 56, 
sealed in the end of the cartridge by any suit 
able material. The wire 52 is surrounded by 
the priming charge 58 consisting of any suit. 
able explosive. A stopper 59 closes the end 
of the cartridge. The squib is fired by pass 
ing current through it and bringing the plati 
num wire to a temperature sufficiently high 
to explode the priming charge. Usually the 
wire fuses in the process. 
Squib presents a considerable resistance to 
the flow of current so that to fire a number of 
squibs in series, quite a high voltage is neces 
sary to produce a flow of current of the re 
quired magnitude. 
Our blasting machine consists of a series 

wound direct current generator normally 
short circuited and provided with a squib cir 
cuit in parallel with the short circuit. Upon 
breaking of the short circuit the energy 
stored in the machine and the generated cur 
rent flows through the squibs heating the re 
sistance wires 52 and igniting the charges. 

Referring now to the wiring diagram, 
shown in Figure 6,60 indicates the armature 
of the generator preferably provided with the 

55 

60 

65 

70 

75 

80 

Obviously, the 
85 

90 

95 

100 

  



2 

two-segment commutator shown at 31. The 
brushes are indicated by the numeral 32 and 
one of them is directly connected to the Series 
field 62. The armature and the series field 
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are normally short circuited by leads 64 and 
66 connected by multi-point switch 68. The 
multi-point switch, which will be described 
in detail later is designed to provide, when 
open a series of gaps in parallel so as to re 
duce sparking. In parallel with the short cir 
cuit path is the condenser 24. The path con 
taining the squibs 21 in series is arranged in 
parallel with the short circuit path and with 
the condenser. 
In the operation of the device the multi 

point switch 68 is normally closed, and rota 
tion of the armature builds up a heavy cur 
rent through the armature 60, the seriesfield 
62, and the short circuit path. This circuit is 
then broken by opening of the multi-point 
switch. This is accompanied by a certain 
amount of arcing at the switch contacts 
which, however, is minimized by the special 
type of switch employed, and at the same time 
a considerable amount of energy is momen 
tarily stored in the condenser 24, but this to 
gether with the electrical energy generated 
by continued rotation of the armature is al 
most immediately discharged through the 
squib circuit heating the platinum wires to in 
candescence and igniting the charges. 
We have illustrated our generator in Fig 

ures 1 and 2 wherein 23 indicates the field 
pieces, preferably of soft iron, secured to the 
frame 10 by means of bolts 72 and brackets 
74. Between one of the brackets 74 and the 
frame a block of wood 26 is interposed in this 
particular design. The field pieces 23 are 
provided with separately formed or integral 
pole pieces 76 conforming to the curvature of 
the armature. The field pieces 23 are con 
nected by member 70, serving as the core upon 
which the series field 62 is wound. To the 
ends of the field pieces 23 are secured brass 
castings 11 and 41 in which are provided bear 
ings for the ends 15 and 46 of the armature 
shaft. The armature itself consists of a 
laminated core 78 clamped between end pieces 
22 and 48 to which the shafts 14 and 46 are 
respectively secured. The end piece 48 is 
extended in the form of a sleeve 45 surround 
ing the shaft 46 and to the sleeve are secured 
the commutator segments 31 as best shown 
in Figure 2. The segments are, of course, in 
sulated from the shaft and from each other. 
The brushes 32, one of which is clearly shown 
in Fig. 2, are secured to but insulated from 
end member 41 by means of suitable bolts 42 
and insulating washers and bushings 43. 
To the shaft 15 there is secured by means of 

pin 36 a clutch collar 14a provided with dia 
metrically opposite teeth adapted to mesh 
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with corresponding teeth on gear 14 loosely 
carried on shaft 15. Coil spring 38 bears at 
one end against washer 39 abutting against 

,890,445 

the adjacent bearing, 
against the gear 14, tending to yieldingly 

and at the other end 

urge it into engagement with the clutch mem 
ber 14a. With the gear 14 meshes the rack 
12 slidably mounted in suitable bearings pro 
vided in the end member 11, and prevented 
from rotation in the bearings by any suitable 
means such as stud 80 and slot 82 (Fig. 1). 
The upper end of the rack 12 is provided with 
a handle 13. 
As previously stated the generator is of a 

simple series wound type. We have found 
it very important to employ a laminated 
armature core, as shown at 78, for the reason 
that this greatly reduces the hysteresis and 
eddy current losses resulting from the rever 
sal of magnetism of the core incident to its 
rotation. As a matter of fact, we have found 
by simply laminating the armature we ob 
tained an increase in output in one design of 
as much as 70%. 
The generator is also characterized by a 

solid soft iron field. In the field, of course, 
there is no reversal of magnetism so that it 
is desirable to have a field which will retain 
enough residual magnetism to cause thema 
chine to build up rapidly. 
We have also found that the output of the 

generator is very sensitive to the ratio of 
turns in the field and armature. Thus with 
a ratio of field to armature turns of approxi 
mately 2 to 1 we have found that the genera 
tor output is much greater than with any 
other ratio. In the specific machine illus 
trated we have employed 846 turns on the 
field and 400 turns on the armature. 
The breaker switch 68 is best shown in 

Figs. 3 and 4. The movable member of the 
switch consists of a lever 16 pivoted to 
bracket 16d and normally urged into switch 
closing position by coil spring 19. The other 
end of the lever is encircled by an insulating 
bushing 16c on which are mounted contacts 
16a separated by insulating bushings 16b. 
Each of the members 16a, when in its lower 
most position, closes a pair of contacts 17 as 
best shown in Figure 4. The specific ar 
rangement of contacts 17 is shown more 
clearly in Figure 7. Thus contact No. 1 is 
connected to one side of the generator while 
contact No. 5 is connected to the other side 
of the generator. Contacts 2 and 3 are inte 
grally formed as are also contacts 7 and 8, 
hile contacts 4 and 6 are connected by lead 
When the contact carrying end of lever 16 

is raised it is apparent that at each pair of 
contacts 17 the circuit is simultaneously 
broken at two points. As shown in Figure 3 
the contact members 17 are so graded in size, 
and so designed that upon the raising of the 
contact carrying end of the switch 16, the 
circuit is substantially simultaneously broken 
at each of the pairs of contacts 17. Since 
there are four pairs of contacts and the cir. 
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cuit is broken in two places at each pair, it is 
apparent that eight gaps in the circuit are 
almost simultaneously created. This, of 
course, results in a reduction in the sparking 
voltage available at each gap with the result 
that sparking is greatly minimized and the 
effect of a single gap of very long dimensions 
is obtained. The corresponding single gap 
would, of course, be many times as long as the 
combined total of the eight gaps, since it is 
well known that the resistance to sparking 
across a gap does not increase in direct pro 
portion to the length of the gap but at a much 
slower rate. 
The blasting machine described in this ap 

plication is capable of generating a maxi 
mum of approximately 2300 volts on open 
circuit while with a squb circuit the maxi 
mum voltage will be less than this value 
depending upon the number of squibs in the 
circuit. With so high a voltage there is 
necessarily some sparking at the breaker 
switch contacts, but this is minimized by the employment of the series gap type switch. 
If desired, instead of, or in addition to this 
type of switch, a magnetic blow-out may be 
employed, this consisting either of an electro 
magnet supplied with current from the gen 
erator or a portion of the magnetized field 
iron arranged in proximity to the gap. 
However, we have found that the multi-point 
switch takes care of arcing in a satisfactory 
alle. 
We call attention to the fact that a lead 84 

is extended between contacts 4 and 6. The 
effect of this arrangement is to provide one 
terminal of the switch in one row of contacts 
17 and the other terminal in the other row. 
The advantage of this is that any short cir 
cuiting of the switch can only take place by 
arcing across the adjacent switch segments 
on one side of the switch and across the gap 
between two opposed contacts. In other 
words, four gaps in series must be jumped 
by the current to short circuit the switch. 
We have found this design to be much pref 
erable to the normal construction in which 
the terminals of the switch are at opposite 
ends of one row of contacts since in this case 
there are but two gaps to be jumped by the 
current in short circuiting the switch. 
We have shown the condenser 24 mounted 

on the side of the frame in Figure 1 merely 
for convenience in design. We have like 
wise not indicated the wiring in this figure 
to avoid complication and for the wiring 
diagram refer the reader to Figure 6. 

In the operation of the blasting machine 
with the circuit arranged as shown in Figure 
6 and the squibs arranged in series between 
the terminals of the machine the rack 12 is raised to uppermost position, this having 
no effect on the armature because of the pro 
vision of the one way clutch at 14a-14. The 
operator then shoves handle 12 downwardly 
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at a rapid rate, this through clutch 14-14a 
producing rapid rotation of the armature 60 
and building up a heavy current in the short 
circuiting path through the breaker switch. 
There is likewise a considerable storing of 

energy in the condenser 24. Toward the end 
of its movement the lower end of rack 12 en 
gages the breaker switch 16, and practically 
simultaneously opens the short circuiting 
path 64-66 at the eight contact points 
vided on the breaker switch. While there is 
some slight amount of arcing at the points of 
the breaker switch, this is minimized by the 
provision of the condenser 24, and shortly 
thereafter discharge of current takes place 
through the high resistance squib circuit. In 
this discharge the energy stored up in the 
condenser and in the inductances constituted 
by the armature and field windings is sup 
plemented by the electrical energy created by 
the continued movement of the armature 
which is permitted to freely rotate even after 
the rack reaches its lowermost position by vir 
tue of the overrunning connection at 14 -14a. 

In actual test we have found that the pro 
vision of the condenser at 24 not only reduces 
arcing at the breaker switch but increased the 
output of the machine by as much as 46%. 
We call attention to the fact that our im 

proved machine is so designed that the break 
er switch is opened at the point in the rotation 
of the armature where the maximum current is being generated. This is accomplished by 
the use of a two jawed clutch at 14-14a and 
gearing the rack 12 and pinion 14 together so 
that when the rack is at the bottom of its 
stroke the armature is either in the position 
shown in Figure 5 or in a position removed 
180° therefrom. In either of these positions 
the armature winding is in the position in 
which the maximum flux is being cut so that 
the generated voltage is a maximum. 
We have described a number of improve 

ments in blasting machines, each of which 
adds materially to the efficiency and capacity 
of the machine. It is obvious that some or 
all of these improvements may be used as de 
sired in particular designs and that, as point 
ed out in the following claims, the invention 
herein described is of corresponding scope. 
We claim: 
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1. In a blasting machine the combination 
of a closed igniting circuit, including a 
charge igniting device, a generator in the 
igniting circuit, means for normally short 
circuiting the generator including a normally 
closed multi-point switch, means for operat 
ing the generator, and means for thereafter 
opening the switch to produce discharge of 
generated current through the igniting cir 
cuit, said switch, when opened, providing a 
series of gaps in series to minimize arcing. 

2. In a blasting machine the combination 
of a closed igniting circuit including a charge 
igniting device, a generator in the igniting 
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circuit, means for short circuiting the gener 
ator including a normally closed multi-point 
switch, and means for operating the genera 
tor and thereafter opening the switch to pro 
duce electrical discharge through the igniting 
device, said last named means E. connect 
ed to the generator and switch so that the 
switch is opened when the generator is in po 
sition for generating its maximum current. 

3. In a blasting machine, the combination 
of a closed igniting circuit including a charge 
igniting device, a two-pole series wound di 
rect current generator in the igniting circuit, 
means for short circuiting the generator in 
cluding a normally closed switch, means for 
operating the generator including a two po 
sition clutch, and a common operating means 
for the generator operating means and the 
switch adapted to first operate the generator 
and thereafter open the switch to produce 
discharge of generated current through the 
igniting circuit, said common operating 
means being so synchronized with respect to 
the generator operating means that the gen 
erator is generating maximum current when 
the switch is opened. - 

4. In a blasting machine, the combination 
of a closed igniting circuit including a charge 
igniting device, a series wound direct cur 
rent generator in the igniting circuit com 
prising a stationary field structure, and a ro 
tatable armature, said field structure being 
provided with a solid core, of soft iron, the 
core of said armature being laminated, means 
for normally short-circuiting the generator 
including a normally closed multi-point 
switch, means for operating the generator 
and means including a circuit breaker for 
thereafter opening the short-circuit path to 
cause electrical discharge through the ignit 
ing circuit. 

5. In a blasting machine, the combination 
of a closed igniting circuit including a charge 
igniting device, a series wound direct current 
generator in the igniting circuit, means for 
short-circuiting the generator including a 
normally closed multi-point switch, means 
for operating the generator and means for 
thereafter opening the switch to permit elec 
trical discharge through the igniting circuit, 
the ratio of field to armature turns in the gen 
erator being approximately two to one. 

6. In a blasting machine, the combination 
of a closed igniting circuit, including a charge 
igniting device, a generator in the igniting 
circuit, means for short circuiting the genera 
tor including a normally closed multi-point 
switch, means for operating the generator, 
means for thereafter opening the switch to 
produce discharge of generated current 
through the igniting circuit, and a condenser 
in parallel with the switch for storing energy 
to reduce arcing and for use in effecting dis 
charge through the igniting circuit. . 

7. In a blasting machine the combination 
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of a closed igniting circuit, including a 
charge igniting device, a generator in the 
igniting circuit, means for normally short 
circuiting the generator including a normally 
closed multi-point switch, means for operat 
ing the generator, and means for thereafter 
opening the switch to produce discharge of 

70 

generated current through the igniting cir 
cuit, and a condenser in parallel with the 
switch for storing energy to reduce arcing, 
said switch, when opened, providing a series 
of gaps in series to minimize arcing. 
In testimony whereof we affix our signa 

tures. 
HORACE W. ASRE. 
EDWARD J. MARTIN. 
WALLACE. W. PERKNS. 
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