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@ Differential piston and valving system for detonation device.

@ A purging and recharging system improves the
repeating of detonations from a detonation device 10
having a detonation chamber 20 separated from an
ignition chamber 25 by a detonation plate 22 having
an opening 23 through which a flame jet can pass
from ignition chamber 25 to detonation chamber 20.
A differentiai piston 30 driven by a detonation in a
differential cylinder 31, 32 around detonation cham-
ber 20 affords a fiuid passageway between differen-
tial piston 30 and detonation chamber 20. On a
power stroke, differential piston 30 compresses re-
charging air and draws in cooling and exhaust purg-
ing air to surround detonation chamber 20. On a
return stroke, differential piston 30 forces cooling
and purging air into detonation chamber 20 and then
admits compressed recharging air into detonation
chamber 20. A check valve 55 on the detonation
side of the opening in detonation plate 22 admits
fluid and flame from ignition chamber 25 into deto-
nation chamber 20 during ignition and blocks back-
flow of fluid or flame from detonation chamber 20
into ignition chamber 25 during detonation.
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DIFFERENTIAL PISTON AND VALVING SYSTEM FOR DETONATION DEVICE

BACKGROUND

This invention improves on detonation devices
for rapidly burning a charge of fuel and air. My
previous U.S. Patent No. 4,365,471, COMPRES-
SION WAVE FORMER, proposed such a detona-
tion device suitable for the improvements of this
invention.

My present invention increases the power out-
put by making a detonation more efficient and
provides a purging and recharging system enabling
detonations to be repeated rapidly and indefinitely.
These improvements also are not limited to detona-
tion devices of the type suggested in my earlier
U.S. Patent No. 4,365,471.

SUMMARY OF THE INVENTION

My invention serves as a purging and rechar-
ging system for a repeating detonation device hav-
ing a detonation chamber separated from an igni-
tion chamber by a detonation plate having an open-
ing through which a flame jet can pass from the
ignition chamber io the detonation chamber. { use a
differential piston driven by a detonation and ar-
ranged in a differential cylinder around the detona-
tion chamber to afford a fluid passageway between
the differential piston and the detonation chamber.
The differential piston on a power sircke com-
presses recharging air and draws in cooling and
exhaust purging air to surround the detonation

chamber. On a return stroke, the differential piston

forces cooling and purging air into the detonation
chamber and then admits compressed recharging
air to the detonation chamber. A check valve on a
detonation side of the opening in the detonation
plate admits fluid and flame from the ignition cham-
ber into the detonation chamber during ignition and
blocks backflow of fluid or flame from the detona-
tion chamber into the ignition chamber during deto-
nation.

DRAWINGS

Figure 1 is a partially schematic, elevational,
cross-sectional view of a preferred embodiment of
my invention as applied to a hand-operated fas-
tener driving tool; and

Figures 2-4 are enlarged bottom views of a
detonation plate suitable for the device of FIG. 1
and showing alternative preferred check valve ar-
rangements.
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DETAILED DESCRIPTION

Too! 10, as shown in FIG. 1, is a hand-held
fastener driving tool that conveniently illustrates a
preferred way of applying my invention to a prac-
tical purpose. However, my invention is not limited
o fastener tools and applies to detonation devices
used for other purposes.

A detonation in detonation chamber 20 of de-
vice 10 is accomplished by an ignition chamber 25
as explained more fully below. But for some fuels
and some circumstances, a detonation in chamber
20 can be initiated by a spark or flame noc pro-
duced by ignition chamber 25.

Tool 10 has a housing 11, a handle 12, a
trigger 13, a fastener driver 14, and a fuel supply
15, all of which are schematically or partially illus-
trated as conventional componenis of a fastener
driving tool. My improvement lies in a purging and
recharging system using a differential piston 30
and associated valving and passageways that co-
operate to accomplish effective purging and rechar-
ging for rapidly repeating detonations of improved
efficiency.

Differential piston 30 is a free piston and
moves in a differential cylinder having a smaller
bore 31 and a larger bore 32. Differential piston 30
also includes upstanding sidewalls forming a cyl-
inder, as it were, within the piston. This inner
cylinder or expansion chamber surrounds and is
spaced from the wall 21 of detonation chamber 20.
An inside bottom surface 33 of differential piston
30 forms a power piston that is driven downward
by a detonation from chamber 20.

A one-way seal 34 around an outer surface of
differential piston 30 moves in smaller cylinder 31
to operate as a pump piston. Air is admitted to
smaller cylinder 31 via an opening 35 covered by a
one-way check valve 36 that lets air flow into
cylinder 31 and blocks air outflow. As pump seal
34 moves downward on a power stroke, air in
smaller cylinder 31 is compressed and escapes
past seal 34 toward a plenum 18 in handle 12
where the compressed air is stored for recharging
purposes. On a return stroke, as differential piston
30 moves upward, pump seal 34 draws more air
into smaller cylinder 31 via passageway 35 and
check valve 36.

At the upper end of differential piston 30, a
seal 37 runs in larger cylinder 32. Above seal 37 is
a displacer piston 38, and below seal 37 is a return
piston 39. When differential piston 30 is moving
downward on a power stroke, displacer 38 draws in
purging air via an air inlet opening 40 and a one-
way seal 41. This purging air is drawn into larger
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cylinder 32 around the outside of detonation cham-
ber wall 21 where it absorbs some heat transmitted
through wall 21.

A seal 42 engaging the inside of differential
piston 30 cooperates with seal 37 around the out-
side of differential piston 30 so that purging air
drawn into larger bore 32 on a power stroke of
differential piston 30 is pumped into detonation
chamber 20 on a return stroke. This is possible
because of a fluid flow passageway 43 formed
between chamber wall 21 and the inside of dif-
ferential piston 30 and passageways 44 arranged
inside of seal 42 and having check valves 45.

A return stroke of differential piston 30 is caus-
ed partly by a vacuum that occurs after a detona-
tion in chamber 20 and partly by recharging air that
is compressed in plenum 16 during a power siroke.
The compressed recharging air exerts force on
return piston 39 to lift differential piston 30 to iis
uppermost position where seal 37 enters into port
47 and disengages from larger cylinder 32. This
opens a passageway around seal 37 and over
displacer piston 38 so that compressed recharging
air flows around seal 37 in port 47 and follows the
purging air down through passageway 43, pas-
sages 44, and check vaives 45 to flow into detona-
tion chamber 20. Such an arrangement also allows
the compressed recharging air to fill chamber 20
with air at more than atmospheric pressure, which
can substantially increase the force of a detonation.

An exhaust system cooperates with differential
piston 30 for exhausting burnt gases and some of
the purging air to keep chamber 20 adequately
cool, fully exhausted, and fully recharged with fresh
air. Exhaust valve 50 controls an exhaust passage-
way 51 and is operated by a diaphragm 52 that is
subject to the pressure of the compressed rechar-
ging air in plenum 16 as shown by the broken line
arrow. | have found it desirable to open exhaust
valve 50 rapidly at the end of a power stroke so as
to vent exhaust gases and residual heat as quickly
as possible. Using the rising pressure of the re-
charging air that is compressed in plenum 16 on a
power siroke to open exhaust valve 50 toward the
end of a power stroke accomplishes this.

When exhaust valve 50 opens, a pin 53 ex-
tending downward from exhaust valve 50 opens a
check valve 55 covering opening 23 in detonation
plate 22. This opens an exhaust route through
valve 55, opening 23, ignition chamber 25, and
exhaust passageway 51, venting both detonation
chamber 20 and ignition chamber 25 to exhaust.

Check valve 55 is loosely mounted on screws
54 and blocks any backflow of fluid or flame from
detonation chamber 20 through opening 23 during
a detonation. This improves the force and effi-
ciency of a detonation, although | do not yet fully
understand why. One possibility is that ignition in
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chamber 25 forces some unburned fuel/air mixture
into detonation chamber 20 ahead of a flame jet
injected through opening 23. Then when the flame
jet detonates the fuel/air mixture in detonation
chamber 20, the force of the detonation slams
check valve 55 closed over opening 23, trapping all
the available fuel and air in chamber 20 for a more
forceful detomation. Also, blocking any escape
route through detonation plate 22 by the closure of
check valve 55 forces the full detonation energy
through the output from chamber 20 against power
piston surface 33.

Another function of check valve 55 is to divert
a flame jet from ignition chamber 25 through open-
ing 23 so that the flame spreads radially outward
along detonation plate 22 toward the periphery of
detonation chamber 20. There, a deflector surface
56 directs the radially spreading flame axially of
detonation chamber 20 for an effective ignition.

An alternative check valve arrangement as
shown in FIG. 3 uses three reed valves 57 overlap-
ping each other and covering opening 23 in deto-
nation plate 22. Reed valves 57 not only cooperte
to serve as check valves over opening 23, but also
divide an incoming flame jet into three radial seg-
ments flowing in the spaces between reed valves
57 and deflected axially of detonation chamber 20
by peripheral deflector surfaces 58.

Another reed check valve arrangement for det-
onation plate 22 as shown in FIG. 4 uses three
reed valves 59 covering three openings 24 formed
around the periphery of detonation plate 22. As
reed valves 59 are forced open by flames injecting
into the detonation chamber through openings 24,
reed valves 59 deflect each flame jet from an axial
path and make the flame jets swirl helically around
the periphery of detonation chamber 20 for a fast
and effective initiation of a detonation. Reed valves
59 also check any backflow of fuel or flame
through openings 24 during a detonation.

Piston 60 can be moved in handle 12 by knob
61 for manually pumping up the pressure of re-
charging air in plenum 18 for an initial detonation
after which detonations can be repeated automati-
cally and indefinitely. Air enters through opening 35
and check valve 36 as this occurs.

Trigger 13 delivers a spark to spark plug 17 in
ignition chamber 25 as schematically shown by a
broken line arrow. An arrangement not shown in-
jects fuel from container 15 into ignition chamber
25, also as schematically shown by a broken line
arrow.

The purging and recharging accomplished by
differential piston 30 and its associated valves and
passageways assures that adequate air is forced
through detonation chamber 20 and ignition cham-
ber 25 to purge exhaust gases and prevent heat
build-up. The rapid action of the exhaust system in
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response to compressed recharging air cooperates
to help make this possible. The recharging air
pumped in by differential piston 30 and com-
pressed during a power stroke also provides piston
return force and ensures an adequate volume of
recharging air, which can be compressed above
atomopheric pressure to improve performance in
detonation chamber 20. Fuel injection and spark
ignition then ready tool 10 for an automatically
repeatable detonation. Check valving the flame in-
jection opening through detonation plate 22 not
only cooperates with the exhaust system, but also
increases the force of a detonation. This coop-
erates with the purging and recharging system to
produce a large driving force from a small detona-
tion chamber to increase the efficiency of the de-
vice.

Claims

1. A purging and recharging system for a re-
peating detonation device having a detonation
chamber separated from an ignition chamber by a
detonation plate having an opening through which a
flame jet can pass from said ignition chamber info
said detonation chamber, said system comprising:

a. a differential cylinder surrounding said
detonation chamber with an annular space there-
between;

b. a differential free piston disposed for re-
ciprocation within said differential cylinder, the top
of said piston having upward sidewalls extending
into said annular space and defining an expansion
chamber communicating via a restricted opening
with and disposed for reciprocation relative to said
detonation chamber, said sidewalls further affording
a fluid passageway around the periphery of said
detonation chamber, said free piston being driven
by a detonation from said detonation chamber;

c. said differential free piston being arranged
on a power stroke for drawing in cooling and ex-
haust purging air to surround said detonation
chamber and for compressing recharging air;

d. said differential free piston being arranged
on a return stroke for forcing said cooling and
purging air into said detonation chamber and for
admitting compressed recharging air to said deto-
nation chamber; and

e. a check valve arranged on the detonation
side of said detonation plate over said opening to
admit fluid and flame from said ignition chamber
into said detonation chamber during ignition and to
block backflow of fluid and flame from said detona-
tion chamber into said ignition chamber during
detonation.
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2. The system of claim 2 wherein said check
valve is arranged for diverting said flame from said
ignition chamber toward a peripheral region of said
detonation chamber.

3. The system of claim 1 wherein said differen-
tial free piston includes a power piston (33) coop-
erating with said detonation chamber and driven by
a detonation in said detonation chamber, a pump
piston (34) for pumping recharging air into said
system, a return piston (39) cooperating with said
detonation cylinder for returning said differential
piston in response to force of said compressed
recharing air, and a displacer piston (38) for draw-
ing in said cooling and exhaust purging air.

4. The system of claim 1 including an exhaust
valve (50) communicating with said ignition cham-
ber, a diaphragm (52) controlling the opening of
said exhaust valve, and means for communicating
said compressed recharging air with said dia-
phragm for controlling said exhaust valve.

5. In a detonation device having an ignition
chamber and a detonation chamber separated from
said ignition chamber by a detonation plate having
a plurality of openings each permitting the passage
of fluid and flame from said ignition chamber into
said detonation chamber, an improvement compris-
ing:

a. said openings being arranged around a
peripheral region of said detonation plate;

b. check valving arranged on the detonation
side of said detonation plate downsiream of said
openings; and .

c¢. said check valving being arranged to ad-
mit fluid and flame from said ignition chamber
through said openings in a swirling flow around a
peripheral region of said detonation chamber dur-
ing ignition and to block back-flow of [uid and flame
from said detonation chamber through said open-
ings to said ignition chamber during detonation.

8. The improvement of claim 5 wherein said
check valving includes a separate check valve over
each of said openings.

7. The improvement of claim 5 wherein said
check valving is arranged for diverting said fluid
and flame radially of said detonation plate.

8. A method of producing repeated detonations
in a detonation chamber, said method comprising:

a. arranging a differential piston in a differen-
tial cylinder around said detonation chamber so as
to form a fluid flow passageway between said deto-
nation chamber and said piston; and

b. arranging valves to cooperate with said
differential piston so that a power siroke of said
differential piston draws cooling and purging air
into contact with said detonation chamber and
compresses recharging air and so that a return
stroke of said differential piston forces said cooling
and purging air into said detonation chamber to

=

™



7 0 291 545 . 8

purge exhaust gas from said detonation chamber
and admits compressed recharging air through said
passageway and into said detonation chamber.

9. The method of claim 8 inciuding forming
said differential piston so that an internal surface
acts as a power piston, an external surface acts as
a pump for said recharging air, a return surface
subject to the force of said compressed recharging
air returns said differential piston, and a displacer
surface draws in said cooling and purging air.

10. The method of claim 8 including opening
an exhaust valve for said detonation chamber in
response to compression of said recharging air.

11. In a repeating detonation device having a
detonation chamber, an improved recharging sys-
tem comprising:

a. a differential piston driven by a detonation
from said detonation chamber and arranged in a
differential cylinder around said detonation cham-
ber to afford a fluid passageway between said
differential piston and said detonation chamber;

b. said differential piston being arranged on
a power stroke for drawing-in cooling and exhaust
purging air to surround said detonation chamber
and for compressing recharging air; and

¢. said differential piston being arranged on
a return stroke for forcing said cooling and purging
air into said detonation chamber and for admitting
said compressed recharging air to said detonation
chamber.

12. The system of claim 11 wherein said dif-
ferential piston includes a power piston driven by a

detonation in said detonation chamber, a pump

piston for pumping air into said system, a return
piston for returning said differential piston in re-
sponse to force of said compressed recharging air,
and a displacer piston for drawing in said cooling
and exhaust purging air.

13. The system of claim 11 including an ex-
haust valve, a diaphragm controlling the opening of
said exhaust valve, and means for communicating
said compressed recharging air with said dia-
phragm for controlling said exhaust valve.

14. A method of purging and regharging a
detonation chamber of a repeating detonation de-
vice, said method comprising:

a. arranging a differential piston around said
detonation chamber so as to form a fluid flow
passageway between said detonation chamber and
said differential piston; and

b. arranging said differential piston within a

differential cylinder having a valving system so
that:
(1) on a power siroke wherein said differential
piston is driven by a detonation from said detona-
tion chamber, one side of said differential piston
compresses recharging air and another side of said
differential piston draws in purging air;
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(2) on a return stroke of said differential piston
biased by compressed recharging air, said purging
air is forced into said detonation chamber; and

(3) upon complstion of said return stroke, said
compressed recharging air flows between said dif-
ferential piston and said detonation chamber and
into said detonation chamber for recharging said
detonation chamber with air.

15. The method of claim 14 including opening
an exhaust passageway from said detonation
chamber in response to compression of said re-
charging air during an end portion of said power
stroke.

16. The method of claim 14 including initiating
said detonation by injecting flame from an ignition
chamber through a detonation plate and into said
detonation chamber, and checking any backflow
through said detonation plate from said detonation
chamber during said detonation.

17. The method of claim 16 including diverting
flame passing through said detonation plate toward
a peripheral region of said detonation chamber.

18. A method of producing a detonation in a
detonation chamber separated from an ignition
chamber by a detonation plate having an opening
to permit the passage of fluid and flame from said
ignition chamber into said detonation chamber, said
method comprising:

a. by means of a check valve arranged
downstream of said opening on the detonation side
of said detonation plate, allowing fluid and flame to
pass from said ignition chamber into said detona-
tion chamber during ignition; and

b. by means of said check valve, preventing
any passage of fluid or flame from said detonation
chamber into said ignition chamber during detona-
tion.

20. The method of claim 18 further including
opening said check valve to exhaust gases from
said detonation chamber through said detonation
plate.

21. The method of claim 18 further including
directing the flow path through said check valve to
divert fluid and flame from said opening toward a
peripheral region of said detonation chamber.

22. The method of claim 20 further including
deflecting said fluid and flame in said peripheral
region along an axial path within said detonation
chamber. '



0281545

/9

/ 9ld

BOAAAASSS

W,

st ST
,=%.\nlm ||||||||||||||| A §
= o ade,
S ' . \m [ mvm
FENT / /' :
GinNTZ L 109 T R -
,”\ BMENZR ol
o || - e»
\ N 7 e st
«EN ) U R e
LW.r!lt \CA\\VOA\VN\\V&\\J\YO\\O\\U\\CTA\U\...\\ \u ol w - g
o/ N\\ || \NNIH rs, ) €2 b.m.x
([ % /]
_ — 11
| 2 esyl TN L7
| “ OV//. s
Wb £ il S L 7
X
\\ /S
ol 4 e



0 291 545




9

BPO FORM 1503 03.82 (PO401)

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 87 10 7217

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (Int. CL.4)
A |FR-A-2 463 267 (LIESSE) 1,5
% 1 -6- : -39 * ’ F02B 71/04
Figures 4_?1 page 9, lines 2-32 B25¢C 1/08
A FR-A-2 001 658 (BIURO 1,5
KONSTRUKCYJNO-TECHNOLOGICZNE ZAPLECZA)
* Figure 4; page 12, lines 17-36 *
A jUS-A-4 599 861 (BEAUMONT) 1,2,5,6
* Figure 1; column 2, line 66 - column ,8,9,11
3, line 54 * ,14
A |US-A-3 395 688 (PFETZING) 1
* Figure 3; column 2, lines 38-72 *
TECHNICAL FIELDS
SEARCHED (Int. CL4)
F 028
B25C
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 11-01-1988 WASSENAAR G.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, hut published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if comhbined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

