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of delay compositions have to be used in the series,'which 
' adds to the di??culty and expense of the production of 

~ thegshort period delay electric detonators. On the other 
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The present invention relates to an improvement in the 
art of delay blasting and especially short period delay 
blasting in quarries and other situations where it is re 
quired that a single setting-up of the wiring of a succes 
sion of electric detonators will result in the detonation of 
they explosive charges successively at time intervals which 
may be as low as only a millisecond apart, when the shot 
?rer performs a single manual operation. 

Short period delay blasting has in certain circumstances 
advantages that are well recognised over simultaneous 
blasting, as occurs when instantaneous electric detonators 
are used in the normal manner. Among these advantages 
are reduction in the amount of backbreak (i. .e. the un 
desirable cracking of rock which occurs behind and is 
caused by the ?ring or blasting of a row of vertical shot 
holes) and of vibration, and facilitation of fragmentation 
of the rock to the desired size. Hitherto short period delay 
blasting has been carried out either by using a graded 
series of short period delay electric detonators, or by 

—_?ring each of a sequence of instantaneous electric deto 
gnators in a properly wired shot-?ring circuit through a 
: sequence switch mechanism. 

In practice, however, it is dii?cult in repetitive manu 
facturing operations to produce short period delay elec 
- tric detonators whose individual delay periods are suf 
- ?ciently close to their respective average delay periods to 
. obviate the possibility that in a round the detonators will 
-_ not'always ?re in the desired order, especially when the 
time interval required between the successive shots in 
'_the,round is relatively small, as is frequently desirable. 
'{When the number of shots in the round is large and, the 

Scotland, assignors to Imperial 
Limited, a corporation of Great 

'idelay period of the slowest detonator is relatively long, 
either the lengths of some of the delay elements and 
consequently, of the short period delay electric detonators 

become 

hand the use of a sequence switch mechanism has required 
heretofore that each electric detonator in 
be wired to a separate contact of the sequence switch 
mechanism so that the total length of leading wire re 
‘quired and the inconvenience of handling it increases con 
siderably with the number of shots to be ?red. Also the 
‘accommodation of the required number of switch con 
*tacts in the sequence switch mechanism becomes increas 
ingly inconvenient. In practice the number of successive 

~ intervals that has been obtained by using electric deto 
' nators with a sequence switch mechanism has not sub 
;stantially exceeded 16, and .using short delay period 

‘ detonators the number of successive intervals attained has 
i It would, however, be desirable to 

- provide a short delay blasting method and equipment that 
-W0llld enable a considerably larger number of delay in 

J .tervals to be obtained in a round. * 

~ In British application No. 12,832/52, U. S. application 
‘Serial No. 352,128, ?led April 30, 1953, thereis‘described 
and claimed inter alia a method of ?ring a succession of 
.shots by the ?ring of their corresponding electric detonators 

I. with a delay period between successive shots which com 
;pris'es arranging that‘a direct electric ?ring current is‘ 

excessive, or a variety‘ 

the round'is to > 

‘ interposed between it and its 
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_ passed through the fusehead of each succeedingdetonator' 
by way of an electrically actuable delay switch which is 

preceding detonator so 
as to permit the electric ?ring current to pass through 
said fusehead when a closed circuit is formedby' the 
actuation of said switch. ‘ ‘ . ‘ 

Application No. 12,832/52, U. S. application Serial No. 
352,128, also describes and claims inter alia a layout for 
?ring a succession of shots by the ?ring of their corre 
sponding electric detonators with a delay period’ between 
successive shots comprising an electrically actuable delay 
switch which is interposed between the fusehead of each 
succeeding detonator and its preceding detonator and 
which is adapted to form the closed circuit required after 
the preceding detonator has ?red thereby to permit direct 
electric ?ring current to pass through the fusehe‘ad of the 
succeeding detonator. I w ' 

Application No. 12,832/52, U. S. application Serial No. 
352,128, furthermore describes and claims an assembly 
comprising two insulated wires each connected to a pole 
of a source of D. C. electricity and a number of spaced 
electrically actuable delay switches wherein one leading 
wire of the electrically actuable portion of the ?rst'elec 
trically actuable delay switch to'be ?red is connected'to 
one of said insulated wires‘ and the other leading wire of 
said electrically actuable portion is free foryconnect'ion 

to be ?red, and wherein 
said other insulated wire has an accessible portion for elec 
trical connection to the other lead wire of the ?rst deto 
nator to be ?red. The one circuit-making terminal of 
said ?rst delay switch is electrically connected'to one 'of 
said insulated wires and the other circuit-making terminal 
of said ?rst delay switch is free for connection to alead 
wire of the seconddetonator to be ?red, and one leading 
wire of the actuable portion of the vsecond electrically 
actuable delay switch to be ?red is electrically connected 
to the other of said insulated wires, and the other leading 

‘wire of the actuable portion of said second electrically 
‘actuable delay switch is free for electrical connection to 
the other leading wire of the second detonator to bev?red, 
and so on. ' t ' p " 

In application No. 12,832/ 52, U. S. application Serial 
‘No. 352,128, there is also described and claimed inter'alia 
an electrically actuable delay switch comprising a'tubular 

an electric fusehead, two ter 
minals at least one of which is insulated from the tubular 
body, and a metal partition element positioned between 
said fusehead and terminals and adapted to ‘be displaced 

’ to form a metallic bridge at least momentarily between 
50 

55 

60 

said terminals on creation of a gas pressure on'that side 
,of- it facing said electric fusehead, wherein said vfusehead 
comprises an electric resistance wire and a combustible 

, delay composition element adapted to ignite to yield hot 
gases when an electric current is passed through said wire. 
However to date it has not been found convenient to 

,manufacture electrically actuable delay switches of‘the 
kind described and claimed in application No.‘ 12,832/52, 
U. S. application Serial No. 352,128, which will have uni 
form delay times greater than 12 milliseconds. ' This is 
because of the impracticability of increasing the effective 

. volume of the switches. 

Accordingly, the object of the present invention is to 
1 provide .a short delay blasting method and equipment 

65 
which permits an appropriate choice of a uniform delay 
time between, for instance, 10 and 100 ‘milliseconds, to 

‘be obtained from electrically actuable delay'switches of 
" the kind described heretofore, which have ‘only va uni 
"dformylower delay time as for instance between 1 milli 

~ "object is accomplished by the use of 

second and 12 milliseconds, and which'cxcludes theipos 
sibility of the shots ?ring out of their proper order; vThis 

pulsating electric 
"lcurrent as described below.. .. . . . 



detonator and its associated 

vhead, of a second electrically actuable delay 

. of the electrically actuable portion, 

55 
In connection with the description of the present in 

vention, the use of the phrases “lead wire” and “leading 
wire” are noted. Of course, it can be appreciated that 
“lead wire” refers to the wires of the detonator, while 
“leading wire” refers to the wires of the electrically 
actuable portion of the electrically actuable delay switch. 

According to the present invention the method of ?ring 
a succession of shots by the ?ring of their corresponding 
electric detonators with a delay period between succes 
sive shots comprises passing a single impulse of electric 
?ring current through the fusehead of each succeeding 
detonator by way of an electrically actuable delay switch 
which is interposed between it and its preceding detonator 
and which only permits the electric ?ring current to pass 
through said fusehead when a closed circuit is formed 
by its actuation. The electric ?ring. current for each 

delay switch is supplied by 
way of a series of single impulses from a pulsating elec 
tric current in which the period of time between the 
electric impulses is the same as the delay period desired 
between successive shots and in which the duration of 
each of said'impulses is less than the delay period of a 
‘delay switch and is longer than the period of time re 
quired to ?re a detonator and its associated delay switch. 

' In accordance with one embodiment of the invention 
the method of ?ring a succession of shots by the ?ring 
of their corresponding ‘electric detonators with a short 
delay period between successive ?rings comprises con 
necting one lead wire of the ?rst detonator to be ?red to 
a common conducting element connected to one terminal 
of a source of pulsating electric current, and the other 
lead wire to a leading wire of the electrically actuable 
portion, for example an electric fusehead, of an electrically 
actuable delay switch. The other leading wire of the 
electrically actuable portion goes to another common con 
ducting element connected'to the other terminal of the 
source of pulsating electric current, the said source of 

' pulsating electric current being such that the period of 
time between the electric impulses is the same as the de 
lay period desired between successive shots and in which 
the duration of each of said impulses is less than the 
‘delay period of a delay switch and is longer than the 
period of time required to ?re a detonator and its asso 
ciated delay switch. One lead wire of the next detonator 
to be ?red is connected to the common conducting ele 
ment attached to the ?rst mentioned terminal of the source 
of- pulsating electric current as noted heretofore and the 
other lead wire is attached to the leading wire of an 
electrically actuable portion, for example an electric fuse 

switch. In 
addition, one leading wire of one of the terminals of the 
?rst electrically actuable delay switch is connected to the 
other leading wire of the electrically actuable portion of 
the second electrically actuable delay switch and the lead 
ing wire of the other terminal of the ?rst electrically 
actuable delay switch to the common conducting element 
attached to the other terminal of a source of pulsating 
electric current, and so on. This method of ?ring per 
mits an electric impulse to pass from said source of 
pulsating electric current through said ?rst detonator and 
electrically actuable portion of said ?rst electrically actua 

7' ble delay switch and then another electric impulse through 
said second detonator and electrically actuable portion of 
said second electrically actuable delay switch, and so on. 
vMore particularly in accordance with another embodi 

, ment of the invention the method of ?ring a succession 
V of shots by the ?ring of their corresponding electric 
detonators with a short delay period between successive 
?rings comprises connecting one lead wire of the ?rst 
detonator to be ?red to a common conducting‘ element 
connected to one. terminal of a source of pulsating elec 
tric current and the other lead wire to a leading wire 

for exampleran elec 
tric fusehead,_ of an electrically actuable delay switch. 
The other leading wire of. the electrically actuable por 
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.is given by the period of time 

d 
tion goes to another common conducting element con 
nected to the other terminal of the source of pulsating 
electric current, the said source of pulsating electric cur 
rent being such that the period of time between the electric 
impulses is the same as the delay period desired between 
successive shots and in which the duration of each of 
said impulses is less than the delay period of a delay 
switch and is longer than the period of time required to 
?re a detonator, and its associated delay switch. One 
leading wire of one of the terminals of said switch is 
connected to one of said common conducting elements 
and the leading wire of the other terminal of said switch 
to the lead wire of the second detonator to be ?red. The 
other lead wire of the second detonator is connected to 
a leading Wire of the electrically actuable portion of 
the second electrically actuable delay switch to be ?red 
and the other leading wire of the electrically actuable 
portion of said second delay switch to the other common 
conducting element, and so on. Thus, when an initial 
electric impulse is applied, it passes from said source of 
pulsating electric current through said ?rst detonator and 
electrically actuable portion of said ?rst electrically actua 
ble delay switch and then another electric impulse through 
the terminal portion of said ?rst delay switch, said second 
detonator and electrically actuable portion of said second 
electrically actuable delay switch, and so on. 
The method of the present invention enables a round 

of any desired number of shots to be ?red with an elec 
tric impulse of an order sufficient only for the ?ring of 
two electric fuseheads at a time. 

It can be appreciated that, in accordance with the method 
described heretofore, a layout for ?ring a succession of 
shots can be achieved by the ?ring of their corresponding 
electric detonators with a delay period between successive 
shots. This layout, of course, would include a series of 
electrically actuable delay switches of the type noted 
heretofore interposed between the fuseheads of succes 
sive detonators. Thereafter, by application of a pulsat 
ing electric ?ring current, the ?ring of a succession of shots 
would be achieved. 

It will be understood that in accordance with the method 
of the invention the delay period between successive shots 

between the electric im 
pulses from the source of pulsating electric current and 
that in the simple layout of the invention each electrically 
actuable delayswitch prevents any one electric impulse 
from initiating all the detonators in the round simul 
taneously and so it is essential that the duration of each 
of said impulses should be less than the delay period 
of an electrically actuable delay switch. A special ad 
vantage of the present invention is that'a layout made 
from electrically actuable delay switches of any particu 
lar delay period can be used for delay periods between 
successive shots exceeding this particular delay period. 
As noted heretofore, the electrically actuable delay 

switch for use for the carrying out of the invention can 
take for instance any of the forms described and claimed 
in application No. 12,832/52, U. S. application Serial 
No. 352,128.‘ A preferred form of electrically actuable 
delay switch comprises a tubular body containing within 
it an electric fusehead, two terminals at least one of which 
is insulated from the tubular body, and a metal partition 
element positioned between said fusehead and terminals 
and adapted to be displaced to form a metallic bridge 
between said terminals on creation of a gas pressure on 
that side of it passing said electric fusehead, wherein 
said fusehead comprises an electric resistant wire and a 
combustible’ composition element adapted to ignite to 
yield ‘hot gases when an electric current is passed through 
said wire. If desired the tubular body may contain only 
'one terminal as the tubular body itself if of conducting 
material may act as the other terminal. ‘ 
The period of time to displace said metal partition ele 

ment at least momentarily to form a metallic bridge be 
tween said terminals can be predetermined and depends 
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inter alia upon the burning characteristics of the com 
bustible composition element-,5 the free space in the tu 
bular body between said' composition and said terminal 
or terminals, the composition, and the inertia of the'metal 
partition element. 
Any suitable means may be used for providing a pul 

sating electric current as for example directly by me 
chanical devices for example by a magneto designed to 
give a pulsating electrical currentyby'a combination of 
mechanical and electrical devices by which a steady 
source of current is interrupted mechanically to give a 
required pulsating current, or by purely electrical de 
vices in which for example a steady source of electric 
current is interrupted or controlled by electronic means. 
By way of example a portion of a detonator ?ring cir 

cuit for short period delay blasting in accordance with 
one embodiment of the invention, showing two instanta 
neous electric detonators and their associated expendable 
gas pressure closable electric switches out of a consid 
erably greater number is illustrated diagrammatically in 
the diagrammatic drawing accompanying the speci?ca 
tion, referred to as Fig. 1. 

In Fig. 1, 1 is a positive wire connection to a source of 
supply or" electric current, 2 is a rotary switch having di 
ametrically opposite inter-connected contacts 3 positioned 
on its periphery, 4 is an electric supply line energised by 
the wire 1 throug - the rotary switch 2 and 5 is a negative 
connection to the electric supply. 6 is an electric deto 
nator the fusehead 7 of which is connected in series with 
the electric fusehead 8 of an electrically actuable delay 
switch 9 provided with two contacts 10 and a press-?tted 
movable conducting partition 11. One of the contacts v10 
is connected to the wire 4 and the other to the fusehead 
8' of a switch 9’ which is provided with a press-?tted mov 
able conduction partition 11’ and contacts 10’. The 
fusehead 8’ is connected in series with the fusehead 7' of 
the detonator 6' to the wire 5. The contacts 10' can be 
connected up in a similar fashion to contacts 10 to con 
tinue the series. Thus, when the ?ring switch (not 
shown) is closed and the rotary switch closes the circuit, 
current passes through the fuseheads 7 and 8, causing 
the detonator “5 to ?re and the partition 11 to move into 
contact with the contacts 10. Before partition 11 reaches 
contacts 1:’), however, the rotary switch 2 breaks the cir 
cuit. When the rotary switch remakes the circuit cur 
rent passes through the fuseheads 7' and 8' causing the 
detonator 6' to tire and the partition 11' to move into 
contact with the contacts 10". Again the rotary switch 
2 breaks the circuit before partition 11' makes contact 
with the contacts 10’ and this sequence of actions will 
continue throughout the whole series of detonators and 
electrically actuable delay switches. It will be apparent 
from the lay-out illustrated that it is impossible for any 
detonator in such a series to ?re before any other earlier 
detonator in the series. Furthermore should any switch 
fail to close satisfactorily none of the subsequent detona 
tors in the series will ?re. In practice the leads from the 
fuseheads 8, 8' etc. to the ?ring line 4 may be of con 
siderable length whereas the distance between the deto 
nators and their corresponding switches may be made 
so small that the switches may su?er damage or destruc 
tion by blast from the explosive charges initiated by their 
respective detonators. If the delay interval is such that 
this would cause any switch to be destroyed before its 
corresponding detonator has been ?red the switches may 
be wired so that they are close to the supply line and 
considerably removed from the previously ?red charge. 

If R is the rotational speed (revolutions per minute) 
of the rotary switch and d is the desired delay time in 
milliseconds and n is the number of times the circuit is 
made per revolution of the rotary switch, then 

By way of example a portion of a detonator ?ring cir 
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6 
cuit'for short period delay blastirigin accordance with 
another embodiment of the invention showing three elec 
trically actuable delay switches and two of their asso 
ciated instantaneous detonators out of a considerably 
greater number of detonators and switches is given in 
Fig. 2 of the diagrammatic drawing attached hereto. 

Fig. 2 also illustrates the assembly comprising three 
associated electrically actuable delay switches out of a 
considerably greater number of delay switches electri 
cally connected to the insulated twin wires 1 and 5 and 
showing the free leading wire of one terminal of the 
preceding delay switch and a free leading wire from the 
electric fusehead of the succeeding delay switch each for 
subsequent connection to a lead wire of an electric deto 
nator which is to detonate after the ?ring of said pre 
ceding delay switch and is to permit the passage of the 
applied electric impulse through the electrically actuable 
portion of the succeeding electrically actuable delay 
switch. 

In Fig. 2 the motor operated rotary switch which pro 
vides a simple form of pulse generator when connected 
in series with a battery supply has a different construc 
tion to the one included in the detonator ?ring circuit 
illustrated in Fig. 1 and comprises a disc 13 of insulat 
ing material which is ?tted with two brass inserts 14, so 
that the circumference is divided into four alternate and 
equal sections of insulating material and brass, and two 
mounted soft carbon brushes 15’ so that, as‘the disc 13 
rotates, the brass inserts 14 bridge the brushes 15' twice 
per complete revolution. Brush 15’ is mounted on a 
radial ‘slot 16 so that its position relative to brush 15 
can be varied through a 90° arc. The duration of elec 
trical contact between the brushes 15 and 15’ can be 
varied from zero at 90° to a maximum when the brushes. 
are just free from touching. 
The motor (not shown) for operating the radial switch: 

can be a speed governed elastic motor in conjunction with 
a friction gear (not shown) which can be set to give rota- 
tional speeds from zero to 5,000 R. P. M. Since contact: 
is made twice per revolution the period between pulses. 
delivered by this switch rotating at 5,000 R. P. M. is 6‘ 
milliseconds. 
the rotational speed of the disc 13 and consequently the: 
duration of each pulse varies with the rate of repetition: 
of the pulses. This duration of contact, however, may 
be altered by altering the distance between the brushes 
15 and 15' for a given rotational speed of the disc 13.. 

In the detonator ?ring circuit and assembly illustrated 
in Fig. 2 one leading wire from the electric fusehead 8" 
of the electrically actuable delay switch 9', is connected to‘ 
4 and the other leading wire from the electric fusehead 
is shown free, but would have been connected to 5 if 8" 
were the ?rst electric fusehead to be ?red in the row. 
One of the two leading wires of 10' is joined to one of 
the two leading wires of 7', the other leading wire of 7’v 
is joined to one of the two leading wires of 8" and the: 
other leading wire of 8" is joined to 4, and so on. When: 
the ?ring switch (not shown) is closed and one of the: 
brass inserts 14 of the rotary switch closes the circuit, 
current passes through the fusehead 8' of the electrically‘ 
actuable delay switch 9' and the pressure generated by the‘: 
?ring of the matchhead composition of the fusehead 8." 
in the electrically actuable delay switch 9' effects the: 
movement of the thin rigid cup 12’ ?tting closely in the 
tube of said delay switch so as to make it touch the ter-4 
mina-ls 10" and 10", this delay period depending inter 
10', however, the rotary switch breaks the circuit. When; 
the rotary switch remakes the circuit an electric ?ring 
current passes from 5 to 4 through 10' and 10', 7' and 
8" of the electrically actuable delay switch 9". There is; 
a de?nite period of delay between the instant at which 
the fusehead 8" ?res and the cup 12" contacts the ter'-~ 
minals 10" and 10", this delay period depending inter» 
alia on the burning characteristics of the matchhead com» 
position of the fusehead 8", the free space in the elec* 

The duration of contact is a function of‘ 
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trically actuable delay switch between the fusehead and 
the bottom or circuit making portion of the cup 12" and 
the position and inertia of the cup 12", so that the ?ring 
circuit through the fusehead 7" is only completed after 
a corresponding delay period. Once again, however, the 
rotary switch breaks the circuit before the partition 12” 
reaches the terminals 10" and this series of actions will 
continue throughout the whole series of detonators and 
electrically actuable delay switches. 
As in the previous embodiment the desired delay time 

in milliseconds d is controlled by the. rotational speed 
(revolutions per minute) R of the rotary switch and n 
the number of times the rotary circuit is made per revolu 
tion of the rotary switch and is given by the formula 

An electrically actuable delay switch illustrated by way 
of example in Fig. 2 comprising an aluminium tube 60 
mm. long and 6.7 mm. diameter, a cup 12” with a fric~ 
tional ?t 25 mm. from the terminal end of the tube, ter 
minals 10 located 5 mm. from the cup 12" and a low 
tension fusehead 8 having an ignitable composition con 
sisting of a collodion coated lead mono-nitroresorcinate, 
potassium chlorate and charcoal composition and which 
evolves approximately 
delay time of approximately 7 milliseconds. 

If desired in the method, layout and assembly of the 
present invention the electrically actuable delay switches 
can comprise a container having within it an electric fuse 
head comprising an electric resistance wire and combus 
tible composition element adapted to ignite to yield hot 
gases when an electric current is passed through said 
wire and two terminals at least one of which is insulated 
from the container and so distanced from each other and 
the fusehead that on combustion of said combustible 
composition the space between the terminals becomes’ a 
conducting path for the difference of potential available 
between the terminals. ~ 
What we claim is: V 
1. A system for ?ring a series of detonators successively 

d 

7 ml. of gas at N. T. P., gives a , 

30 

8 
at predetermined intervals of time comprising a plurality 
of detonators each having an instantaneous fusehead, 
means for supplying a series of electric impulses at said 
predetermined intervals of time, means for coupling the 
fuseheads of said detonators in parallel to the impulse sup 
plying means, the coupling means including a plurality of 
delay switches each having a set of spaced apart terminals 
and a fusehead whereby current through said fusehead 
develops gas to elfect closure of said terminals at a de 
layed time, the delay time of said switch being less than 
said predetermined interval of time and the duration of 
said impulses being less than the delay time of said 
switches, said switches being connected respectively be 
tween successive detonators with each switch fusehead 
being in series with a different detonator while each asso 
ciated set of terminals is in series with a different fol 
lowing detonator, the arrangement being such that suc 
cessive electric impulses ?ow through the fuseheads of 
successive detonators respectively at said predetermined 
intervals of time whereby said detonators are ?red suc 
cessively. 

2. A system as in claim 1 wherein the electric impulse 
supplying means includes a rotary switch having a plu 
rality of alternate conductive and non-conductive portions 
thereon, two brushes for contacting said conductive por 
tions, and a source of electricity, said brushes being sep 
arated a predetermined distance and connected in series 
between the source and each of the detonators when con 
tacted by a conductive portion, said portions and brushes 
being relatively rotatable at a predetermined speed where 
by said predetermined intervals of time are determined in 
accordance with said speed and the number of conductive 
portions of said switch. 
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