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The present invention relates to an improved 
delayed-action detonator for firing explosives. 
More particularly, the present invention has ap 
plication to detonators of this type which are 
adapted to be lowered into a well bore to effect 
controlled detonation of a body of explosives pre 
viously laid in the bottom of the bore. 

In the past, various types of time-controlled 
detonators have been proposed and actually used 
in setting-off the Imain explosive charge con 
tained in the botton of a subterranean Well, but 
generally, such previous detonators utilized rela 
tively expensive and highly precisioned clock 
mechanisms as the time-controlling element of 
such detonators. In operation, such clock 
mechanisms were completely destroyed upon ex 
plosion, thereby making the overall operation 
costly and wasteful. Further, such clock mech 
anisms were generally subject to mechanical fail 
ure due to their relatively complex and highly 
precisioned construction which required extreme 
care in handling. It will be manifest, that op 
erational failure or premature operation in Such 
time-controlling apparatus, when used to set-off 
a detonating charge, would result in extremely 
dangerous conditions and hazardous Operations. 
A primary object of the present invention, 

therefore, is to provide a relatively inexpensive, 
yet efficient, time-controlled detonator, which en 
tirely eliminates the use of relatively expensive : 
and delicate clock mechanisms, and which is 
characterized by its rugged construction and One 
capable of withstanding relatively severe han 
ding and shock without likelihood of damaging 
the time-delay mechanism of the detonator, and 3: 
thereby reducing the possibility of premature ex 
plosions or faulty operation on the part of the 
detonator. 
Another object of this invention is to provide 

an improved detonator which lends itself, par 
ticularly, for use in tamping operations, wherein 
a portion of a well bore is filled prior to blasting 
to prevent damage to the bore upon explosion 
and enlargement of the well hole, it being un 
derstood that a substantial time delay is required 
for the lowering of the detonator and filling of 
the well bore before detonating the main ex 
plosive charge. 

It is another object of the present invention to 
provide a detonator whose explosive action is 
controlled in response to the time required for 
completion of a chemical reaction, rather than 
in response to the operation of a clock mecha 
nism or other moving parts. 

It is still a further object of this invention to 
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provide an improved detonator for underground 
Wells which embodies a time-controlling system 
consisting of a chemical compound, preferably 
one of the solvent type, and a link formed from 
a material Subject to chemical attack or disin 
tegration upon contact or reaction with said 
Compound, whereby upon predetermined disin 
tegration on the part of the link causes a me 
chanical action which results in the setting off 
of an associated explosive charge, the time of re 
action between the chemical compound and the 
link controlling the time of explosion of the det 
onator, 
This application is a continuation-in-part of 

my prior co-pending application, Serial No. 
21,425, filed April i8, 1948, and allowed October 
10, 1950. 
For a further and more detailed understand 

ing of this invention and the various additional 
objects and advantages realized thereby, refer 
ence is made to the following description and 
the accompanying drawing, wherein: 

Fig. 1 is a medial transverse vertical Sectional 
view taken through a detonator formed in ac 
cordance With the present invention; 

Fig. 2 is a horizontal sectional view taken 
along the line 2-2 of Fig. 1 

Fig. 3 is a similar view taken along the line 
3-3 of Fig. 1. 

Referring to the drawing, the numeral 5 gen 
erally designates an outer cylindrical casing com 
prising three detachably united sections, namely: 
an upper end Section 6, a center Section 7, and 
a lower end section 8. The separate sections of 
the casing are formed with cooperative screw 
threaded unions 9 by which detachable connec 
tion may be had for purposes of assembly, 

Carried within the upper end section of the 
casing, and thermally insulated therefrom by 
means of a layer of insulating material 10, such 
as asbestos fiber, is an open mouth vial or bottle 

whose mouth opens substantially at the low 
ermost end of the upper end section toward the 
center section 7 of the casing. The via may 
be formed from any suitable corrosive-resistant 
material, or other material resistant to chemical 
attack, Such as glass, porcelain, or one of the 
corrosive-resistant synthetic resins, and as such, 
Serves as a container for a body of chemical 2, 
Such as, one of the corrosive acids, for example 
sulphuric acid, hydrochloric acid, nitric acid, 
aqua regia, etc., or for any suitable organic sol 
vent, such as acetone and the like, the purposes 
of which are to be hereinafter more fully out 
lined. - 
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The intermediate or center section of the 

casing is provided at its upper end with an axial 
ly disposed plug or stopper device 3 which, upon 
connection of the upper end section and center 
section, is inserted within the open mouth of 
the vial to close the same. The stopper 3 is 
formed at its outer end with a detachable plug 
member 14 which is provided with an annular 
packing gland 5 defining the intermediate por 
tion of an axially disposed opening 6 which ex 
tends completely through the stopper member 
and the upper wall of the intermediate casing. 
Further, the plug member 4 carries a longitu 
dinally extended projection or supporting mem 
ber 7 which is preferably formed from a corro 
sion-resistant material, or other material re 
sistant to chemical attack, such as glass etc., and 
which, upon connection of the upper end and 
center sections of the casing, extends well into 
the vial , and terminates in an enlarged head 
8. 
Extending through the axially disposed open 

ing formed in the stopper member 3, and con 
nected at its upper end with the enlarged head 
8 of the supporting member 7, is a corrosive 
or solvent-fusible link 9 which, when the chem 
ical 2 constitutes an acid solution, such as Sull 
phuric acid, aqua regia, or the like, is preferably 
formed from a metal or metal alloy which re 
sponds readily when chemically attacked by the 
acid, and which will disintegrate in a relatively 
short period of time in the acid. It Will be un 
derstood, that the concentration of the corrosive 
chemical or solvent plus the size of the link 9 
will determine more or less the time required 
for disintegration or parting of the link, and 
these two factors may be varied to meet the de 
sired time requirements with reference to the 
operation of the detonator. It will further be 
understood, that the material from which the 
link 9 is formed may constitute a metal, Such as 
copper, magnesium, aluminum or other metals 
or alloys thereof capable of chemical reaction 
and disintegration under solvent action or by a 
corrosive acid, such as those outlined above, or 
the link may be formed from a suitable Synthetic 
resin, such as one of the cellulose derivatives, 
whereupon the corrosive chemical would be re 
placed by a suitable solvent for such a resin Such 
as acetone and the like. 
The upper end of the link 19 may be secured 

in any suitable manner to the enlarged portion 
8 of the supporting member 7, in order that 
a rigid connection may be obtained, Such as by 
fusing the two materials together, cementing, or 
mechanically uniting the same. The lower end of 
the link 9 extends interiorly of the center Sec 
tion , and is hooked, as at 20, for connection 
with a bail member 2 carried at the upper end 
of a weighted striking piece 22. The Striking 
piece 22 is freely suspended at the lower end of 
the link 9 within the center section 7 of the 
casing, and is free to drop therein in response 
to gravity upon parting or disintegration of the 
link. The lower portion of the striking piece 22 
is formed with an axially disposed projection 
23 which provides a cap-contacting pin or Sur 
face for the striking piece. For purposes of Safe 
ty in handling, the outer wall of the center Sec 
tion 7 is provided with an opening 24 through 
which a holding pin 25 may be inserted for hold 
ing engagement with the lower surface of the 
weighted striking piece 22. It will be understood, 
that the pin 25 is inserted for the purpose of 
holding the striking piece in the event that the 
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link 9 should inadvertently break during han 
dling, or should prematurely fuse prior to lower 
ing within a well bore. The pin is removed at 
the time the detonator is ready for operation 
and for lowering within the bore of the Well. 
The lower end section 8 of the casing is formed 

at its upper end With an axially disposed Cap 
receiving socket 26 in which is positioned a per 
cussion type detonating cap 27 Which, upon con 
nection of the center and lower end Sections, is 
disposed in spaced longitudinal alignment with 
the striking projection 23 of the weighted strik 
ing piece 22. The lower wall of the socket 26 
is formed with an opening 28 providing Com 
munication between the socket and a relatively 
enlarged tubular housing 29 for the reception of 
a dynamite stick or other suitable explosive 
charge 30. At its lowermost end, the lower end 
Section. Of the casing is provided With a fric 
tionally held cover plate 3 which, upon explosion 
of the explosive charge 30, is projected forcibly 
from the remainder of the casing to release the 
explosive blast thereby detonating a main charge 
Within the Well bore or hole. Thus, a main ex 
plosive charge previously deposited in the botton 
of the Well may be detonated by the blast of the 
detonator directed through the bottom of the 
casing. 

For purposes of attaching the detonator to a 
lowering cable or line, the upper end section 6 
of the casing is provided with a U-shaped bail 
32 whereby facile and quick attachment may be 
had With any suitable hook member carried at 
the end of an associated lowering line or cable. 
In the event that the particular chemical com 

pound or solvent used produces a gas or relatively 
extreme heat upon reaction with the link, the 
upper portion of the vial may be provided 
With a vent opening 33 which extends exteriorly 
of the Casing, as at 34, in order that consequent 
preSSures may be released from the interior of 
the vial. It will be understood, that such vent 
opening would normally be closed during filling 
operations and until the vial occupies its normal 
inverted position of operation. 
In operation, the desired time delay of oper 

ation of the detonator is determined primarily 
by the composition and size of the destroyable 
link member 9, and secondarily by the concen 
tration or composition of the corrosive chemical, 
Solvent or other chemical compound. For in 
stance, when utilizing sulphuric acid as a cor 
rosive medium, with the relative concentration 
thereof determined, the diameter or gage of the 
link 9 may be varied to adjust the time at which 
the Same Will be disintegrated by chemical reac 
tion with the acid. For example, a relatively 
thin wire obviously will disintegrate more rapid 
ly than Will a relatively thicker one, thereby 
varying the time delay before explosion. The 
ratio between the concentration of corrosive ma 
terial, and the thickness of the wire or fusible 
link may be easily computed prior to assembly 
of the Separate Sections of the detonator, where 
by a known time interval required for disinte 
gration or parting of the link may be obtained 
through predetermined calculations or observa 
tions. It has been found through practice, that 
the times of reaction with a given concentration 
of acid, and a given thickness of link is sub 
stantially uniform and constant and subject to 
very little variance, thereby making possible rela 
tively exact time delay calculations. 
Upon assembly, the upper section 6 of the cas 

ing is arranged so that the mouth of the vial 
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is turned tapwardly, at which time the corrosive 
of solverrf is introduced therein, and the center 
of intermediate Section 7 of the casing is then 
threaded within the inverted upper section to 
stopper the via and introduce the upper portion 
of the link therein, Next, the lowermost section 
8 which carries the percussion cap and explosive 
ehargé, is threaded into the lower end of the 
center section, arid the safety pin; 25 inserted 
tEntil the detonator is ready for actual use. It 
Will be ulicérstood, that the chemica reaction 
between the link and the corrosive chemical 
copipond will begin upon insertion of the link 
theireia, and hence the time interval starts 
pGli assembly of the various casing sections. 

Hence, assembly is effected immediately prior 
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to overing within the well bore, in order to 
avoid acy possibility of premature parting or 
eisintegration of the fusible link. After detach 
pient of the pin 25, the detonator is then lowered 
Withii the Well, bore, for ultimate disposition at 
the bottom of the well in close relation to the Sir explosive charge previously deposited there 
in. Upon disintegration of the link 9 with the 
easing occupying a substantially vertical posi 
tion, the weighted striking piece 22 will fall into 
striking engagement with the percussion cap 27 
thiereby setting off the explosive charge 39, and 
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tiltinately the m?in explosive charge deposited 
in the bottoral of the well. 

It is preferable to provide a coil spring or its 
ectivalent, as shown at 36. Said spring is pref 
erably arranged between the wall 37 of the sec 
tion 7 and the weight or inertia member 22 form 
ing the striking piece. The spring thus enables 
the striking piece 22 to function when released 
even through the detonator as à, whole may not 
be in a truly vertical or pendant position, as ill 
itstrated in Fig. 1. Thus the striking piece need 
not rely on gravity alone to bring the same into 
contact with the cap 2, as the expansion of the 
spring will produce the desired travel of the 
released striking piece, hammer or inertia, Janem 
bef. It has been found that sometimes in the 
Fowering of the detonator into the bottom of a 
well bore, the same upon contacting the body of 
the explosive charge to be fired, will be tilted or 
irocked from a true vertical position, hence the 
importance of the spring. 

in view of the foregoing, it will be seen that 5 
the present invention provides a structurally 
simple yet mechanically efficient time-eontrolled 
dettömåtor för " Subterranean Weli? operations 
which is charactèri?ed by its freedom from reka 
tively complex and delieate mechanisms or in 
struments which ordinarily increase the hazards 
and cost of previously known detonators. 
Throtigh the simple medium of cheinical reac 
tion, the time of operation of the detonator is 
controlled critically and uniformly. 

Freferably, the vial or acid-container is ther 
mally insulated from the remainder of the cas 
ing, in order that a constant temperature may b3 
ñainitained Withiri the corrosive chemical dör Sol 
vent to prevent increases or decreases in the cali 
culated time interval of operation due to tem 
perature variations. The vial or acid container 
may also comprise a vacuum-type bottle which 
further serves to prevent ternperature variations 
within the acid or solvent. , 
While a preferired enbodiment. I of this inven 

tion has been disclosed in detail, it will be marris 
fest that various modifications relating to cori 
structional details may be accomplished without 
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6 
-departing fron the spirit df the invention Ór the 
Scope of the following claims, 

If claim; 
it. A detonator for wells comprising an elon 

gated outter casing formed from a plurality of de 
tachably connected longitudirally adjoining heol 
low Sections; a chemical-receiving vessel carried 
withih. One of the Sections of said casing and have 
irªng a II Open móuth opetirag tõward Oilie endt óf 
said section; a Stopper devic? car?ied at drie end 
of another of the sections of said casing for closa 
ing the Open mouth of Said veSSei upom i connec 
tion of said first two-named sections; a fusible 
link extending through said stopper device for 
insertion. Within said vessel upon attachment of 
said first two-named sections, said link being 
formed from a materia?. Stubject to chemica i ätt-- 
tack by a cherfaica contained in said vessel; a 
weighted striking piece slidably carried within 
said stopper-carrying section and supported at 
One end of Said fusible link, said striking piece 
being arranged. Within said last-hanned section 
to fall from one end to the other thereof by 
gravity tipo disi1tegratiGn Of Said ink and 
when said first two-named sections are posi 
tioned in a substantially vertical plane with said 
last-rlained Section positioned below the vessel 
carrying Section; a percussion cap carried in an 
end of another cf the sections of said casing for 
longitudinal alignment with said striking piece 
upon attachment of its casing section with the 
Section carrying said striking piece; an explosive 
charge carried within the capacarrying section 
of Said Casing adjacent to said percussion cap; 
and means carried. On Said first-haned easing 
Section for attaching said casing in a depending 
position to an end of a lowering line. 

2. A detonator for Wells comprising an Outer 
casing having a plurality of readily detachable 
longitudinally adjoining holiow sections; a bail 
carried by one of the sections of said casing for 
attaching Said casing in a vertically depending 
position at an end of a lowering line; an open 
mouth vessel positioned within one of the sec 
tions of said Casing and occupying an inverted 
position upon attachment of said casing to a 
lowering line; a stopper device carried at One 
end of a second casing section for closing the 
mouth of Said vessel upon attachment of Said 
Second casing Section with said first-narraed sec 
tion; a fusible link extending through an end 
of said Second Section and said stopper device 
and having an end portion insertable within 
Said vessel upon attachment of said first-naried 
Sections, said link being forried from a material 
Subject to disintegration upon chemical attack 
by a corrosive chemical positioned within said 
vessel; a weighted striking piece carried within 
said Second Casing Section and Supported by the 
opposite end of said iiriik, said striking piece 
being arranged within said second section to 
drop by gravity from one end to the other thereof 
upon disintegration of Said link and with said 
casing Sections arranged in a vertical piane; a 
percussion cap, carried in an end of a third cas: 
ing section for vertical alignment with said strik 
ing piece upon attachment of said third section 
with said second section; and an explosive 
charge carried within said third section adjacent 
to said percussion cap. 

3. A detonator for wells comprising an outer 
Casing haying a plurality of readily detachable 
longitudinally adjoining hollow sections; a bail 
carried by one of the sections of said casing for 
attackiing, said casing in a vertically depending 
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position at an end of a lowering line; an open 
mouth vessel positioned within one of the Sec 
tions of said casing and occupying an inverted 
position upon attachment of Said casing to a 
lowering line; a stopper device carried at one 
end of a second casing section for closing the 
mouth of Said vessel upon attachment of said Sec 
ond casing section with Said first-named sec 
tion; a fusible link extending through an end 
of said second section and said stopper device 
and having an end portion insertable within said 
vessel upon attachment of said first-named sec 
tions, said link being formed from a material 
subject to disintegration upon said chemical at 
tack by a corrosive chemical positioned within 
said vessel; a weighted striking piece carried 
within said second casing section and supported 
by the opposite end of said link, said striking 
piece being arranged within Said Second section 
to drop by gravity from One end to the other 
thereof upon distintegration of said link and 
with said casing sections aranged in a vertical 
plane; a percussion cap carried in an end of a 
third casing section for vertical alignment with 
said striking piece upon attachment of said third 
section with said second section; and explosive 
charge carried within said third section adjacent 
to Said percussion cap; and a removable pin eX 
tending through Said second casing section below 
said striking piece for holding said striking piece 
against movement Within Said casing independ 
ently of said link. 

4. A detonator for Wells comprising an Outei 
casing for attachment to a lowering line and 
having detachably connected upper, lower and 
intermediate Sections; an Open-mouth vial car 
ried in the upper Section of Said Casing for the 
reception of a corrosive chemical; a plug device 
carried by the intermediate section of said casing 
for closing the mouth of Said via; a link extend 
ing through said plug device and having one of 
its ends extending into said vial and its opposite 
end extending within Said intermediate section, 
Said link being formed from a material Subject 
to distinegration upon prolonged contact with a 
corrosive chemical contained in said vial; a 
weighted striking device suspended within the 
intermediate section of Said casing at the op 
posite end of Said link; a percussion cap car 
ried within the lower section of Said casing in 
longitudinal alignment with said striking device; 
and an explosive charge carried within the lower 
section of Said casing adjacent Said percussion 
Cap. 

5. A detonator for wells comprising a casing 
for lowering within an oil well bore, said casing 
comprising upper, lower and intermediate de 
tachably connected sections; a corrosive chemi 
cal-containing vial carried within the upper Sec 
tion of said casing and opening toward the in 
termediate Section thereof; a closure for said 
vial carried by the intermediate Section of Said 
casing and formed with a longitudinally extended 
support extending within Said vial and an axially 
disposed opening; a link extending through the 
opening of said closure and attached at One of its 
ends to the extended support thereof and having 
its opposite end disposed within the intermediate 
section of said casing, Said link being formed 
from a material subject to chemical disintegra 
tion under action of a corrosive chemical con 
tained in said vial; a weighted Striking device Sus 
pended within the intermediate section of said 
casing at the opposite end of Said link; a per 
cussion cap carried within the lower section of 
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8 
said casing in spaced longitudinal alignment with 
said striking device; and an explosive charge car 
ried within the lower Section of Said casing adja 
cent Said percussion cap. 

6. A detonator for underground Wells compris 
ing an elongated cylindrical casing for lowering 
Within a well bore and including a plurality of 
detachably connected longitudinally adjoining 
Sections; an acid-containing vial carried within 
One Section of Said casing and opening toward an 
other section thereof; a closure for said vial car 
ried by the last-named section of said casing and 
formed with a longitudinally disposed Support 
projecting within the vial and an axially disposed 
Opening extending through said closure; an acid 
fusible link slidably carried within the opening 
of Said closure and attached at one of its ends to 
the Support thereof; a striking device Suspended 
within the last named section of Said casing at 
the opposite end of said link; a percussion cap 
carried within a third section of said casing in 
Spaced longitudinal alignment with said striking 
device; and an explosive charge carried adjacent 
Said percuSSion cap. 

7. A detonator comprising an elongated outer 
casing formed from a plurality of detachably con 
nected longitudinally adjoining hollow Sections; 
a chemical-receiving vessel carried within One of 
the Sections of Said casing, said vessel having an 
Open mouth Opening toward One end of the Sec 
tion in which the vessel is arranged; a stopper 
device carried at one end of another of the Sec 
tions of Said casing for closing the open mouth 
of Said vessel upon connection of Said first two 
named Sections; a destroyable link extending 
through said stopper device for insertion within 
Said vessel upon attachment of Said first two 
named sections, said link being formed from a 
material Subject to interaction with a chemical 
contained in Said vessel with resulting disinte 
gration of the link; a weighted striking piece slid 
ably carried within said stopper-carrying section 
and Supported at One end of Said link, Said strik 
ing piece being arranged within Said last-named 
section to move from one end to the other thereof 
UpOn di Sintegration of Said link and when Said 
first two-named sections are positioned in joined 
relationship, a percussion cap carried in an end 
of a,mother of Said Sections of Saidl casing for lOm 
gitudinal alignment with Said Striking piece upon 
attachment of a casing section with the section 
carrying said striking piece; an explosive charge 
arranged within the cap-carrying Section of said 
casing adjacent to Said percussion cap; and 
means carried on said first-named casing Section 
for attaching Said casing in a depending position 
to an end of a lowering line. 

8. A detonator for fluid-producing subter 
ranean wells, comprising an Outer casing having 
a plurality of detachable longitudinally adjoining 
Sections, means carried by the upper of Said Sec 
tions for attaching said casing in a vertically de 
pending position at the end of a lowering line; 
an open-mouthed vessel positioned in One of the 
Sections of Said casing and Occupying an inverted 
position upon attachment of said casing to a 
lowering line; a stopper device carried in one end 
of a Second casing Section for closing the mouth 
of said vessel upon attachment of the second sec 
tion with Said first-named Section, a destroyable 
link extending through an end of said second sec 
tion and said stopper device, Said link having an 
end portion insertable within Said vessel upon at 
tachment of said first-named section said link 
being formed from a material Subject to disinter 
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gration upon chemical attack by a disintegration 
producing chemical positioned within said vessel; 
a movable striking piece carried within Said Sec 
ond casing section and Supported by the opposite 
end of Said link, a Spring in said second section, 
Said striking piece being arranged within Said 
second section to move by gravity and under the 
influence of Said Spring from One end of the Sec 
Ond Section to the other following i disintegration 
of Said link; a percussion cap carried in an end 
of a third section, said cap being disposed in 
alignment with said striking piece when the lat 
ter is released and following attachment of said 
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10 
third section with said second section, and an ex 
plosive charge carried within said third section 
adjacent to said percussion cap. 

JOHN R. LOCKET. 
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