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5        very low since they are all connected to lead  a precise time,
thereby opening arm  55 of       95. The SCR, which is conducting at the
time,  switch 39a or reversing arms 73 of switches       turns off since it
has lost its anode voltage.  39b or 39c quickly and precisely at the
The voltage on lead 95 quickly rises back to  desired moment.   5   B + as
the pulse terminates, but the SCR      The next output from  conductor  105
70       does not turn back on. However, the next  causes circuit 88 to
de-energize solenoid 91,       adjacent SCR  on the right does turn on
thereby allowing spring 126 to open switch       because its gate is driven
positive by the   122 which in turn allows the arms of switches
capacitor which connects it to the anode  39a, 39b, or 39c to be moved to
their normal  10   of the previous SCR. Thus each pulse from   positions.
75       pulser 86 turns the conducting SCR off which  The output from
conductor 106 causes       results in the next adjacent SCR being turned
relay 92 to be energized thereby closing       on, whereby SCRs 80-85 are
turned on  switch 131. This allows current to be applied       and off in
succession to produce a series of  to the coil of valve 51 to block vent 53
and  15   control outputs which are applied to circuits  allow air from the
air compressor to pass to   80       87-89  by  way  of  conductors
102-103,  the cylinder 32 by way of conduit 50 and       104-105,   and
106-107, respectively. The  conduit 52. The last output from conductor
output at the juncture of resistor 108 and   107, as can be understood,
causes relay 92 to       capacitor 109 is applied back to SCR 80 to  be
de-energized whereby spring 133 opens 20   recycle the timer.
switch 131. This allows current to be applied  85          Referring  to
the relay control circuits  condition. venting the retract cylinder 32.
87-89  since all of these circuits are similar,    Although  only  six
silicon  controlled       only circuit 87 will he described. This circuit
rectifiers have been illustrated, in practice       comprises a transistor
110 which is normally  there are twenty which are turned on in  25   off
and a transistor 111 which is normally in  succession during each cycle by
the operation   90       a state whereby it is capable of conducting.  of
the pulser 86. While conductors 102-107       The output pulse from
conductor 102 causes  are shown with fixed connection  to the
transistor 110 to conduct thereby energizing  anodes of SCRs 80-85,
respectively, in reality, 



solenoid  coil  112. This  causes  ganged  by means of selector switches
the conductors  30   switches 113 and 114 to be moved downward   which
operate the on and off states of the   95        to  contact terminals  115
and  116, re-  relay control circuits may be connected to
spectively.  Current  then  flows  through  any chosen anode of any SCR so
as to afford        solenoid 112 from B+ by way of conductor  great
flexibility in choosing the actuating        117, terminal 115, and switch
113 to hold the  times of the various valves and switches. In  35
solenoid in its energized position. Movement  addition, the pulser 86 can
be adjusted to   100       of switch 114 to contact terminal 116 causes
produce output pulses at different repetition       intermediate relay 90
to be energized which  rates to vary the cycle of operation. In one
in turn moves switch 118 to contact terminal  embodiment the timer is
adjusted to operate       119, thereby  energizing  the  solenoid  of  the
acoustic source 20 to produce acoustic  40   control valve 47 to allow air
from compressor  pulses at a repetition rate of one pulse every   105
45 to flow to the pressure chamber 25.       six seconds.          The
output from conductor 103 next turns    Although the timer described in the
system        transistor 1ll off, thereby interrupting the  of Figure 10
employed silicon controlled        current flow through solenoid 112.
Switches  rectifiers, it is to be understood that a similar  45   113 and
114 are then returned to their normal  type of ring counter could be
employed   110        states by springs 113a and  114a  thereby  utilizing
multivibrators.        de-energizing solenoid 90. Switch 118 then is
Referring again to Figure 4, there will be        allowed to return to its
normal open position  described briefly the embodiment wherein the
by spring 118a thereby causing valve 47 to be  source is pressurized by the
ignition of a  50   de-energized to block the flow or air to the  diesel
fuel mixture injected into or formed in   115       chamber 25.
the chamber 25. This arrangement comprises          In circuit 87 diodes
120 are Zener diodes  a diesel fuel nozzle 140 for spraying diesel
which are biased by resistor 121 so that they  fuel into the chamber 25 and
a glow plug 141       break down and conduct with low impedance  which is
continuously energized by current  55   and about three volts drop across
each. They  applied thereto by conductor 142 extending   120       serve to
assure that transistors 110 and 1ll  from step down transformer 143,
coupled to       are in the off condition when their base leads,  AC supply
source 144. Diesel fuel is applied       102-103, are properly biased by
the SCRs  to nozzle 140 from  source 145, solenoid       80-81
respectively.                         controlled valve 146, conduit 147,
and check  60     The  next output from  conductor  104  valve 148. Valve
146 normally is maintained   125       causes circuit 88 to actuate relay
91 to  in a closed position to block the flow of fuel       close normally
open switch 122. This allows  to nozzle 140. In a cycle of operation, air
is 



capacitor 123, charged from  power supply  injected into the chamber 25 as
described       124, to discharge through the coil of relay  above for
pressurizing the chamber. After the  65   125 and to energize the coil
rapidly and at  chamber has been pressurized with air, timer   130        6
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valve 146 for a short period of  0-ring 171, the walls of the slot 29, and
the       time whereby diesel fuel is sprayed into the  metal seal ring 170
and between the metal       chamber toward glow plug 141. The diesel  ring
170 and the top surface of valve 27. Re-       fuel mixes with the
pressurized air and is  silient 0-ring 176 located in slot 177 provides  5
ignited by the glow plug. After a short period  a seal between ring 172 and
structure 34.  70       of time, the timer 54 next allows valve 146 to
In the preferred embodiment, the elas-       close to block the flow of
diesel fuel to the  tomer O-ring 171 is of the heat resistant       nozzle
140. The remaining sequence of oper-  type. In the source employing diesel
fuel       ation  is the same as that described  in  increased protection
for the elastomer O-ring, 10   connection with the embodiment of Figure 2.
from the hot gases formed in the chamber   75         Referring again to
Figure 2, there will be  can be obtained by providing a labyrinth for
described other structural features of the  cooling the hot gases before
application to       source. Deceleration  container 43  is a  the slot 29.
cylindrical member having an interior dia-    In the operation of a
pneumatic acoustic 15   meter slightly  larger than  the  exterior  source
employing diesel fuel, it has been   80       diameter of valve 27. The
cylindrical walls of  found desirable to employ a shield to protect
container 43 are welded to circular bottom   the igniter or glow plug from
the direct air       plate 150 which, in turn, is supported by a  injected
into the chamber to reduce cooling       plurality of spaced rods 151,
coupled to rim   of the glow plug and hence to avoid erratic 20   63 and to
plate 150 by way of bolts illustrated  firing which might otherwise occur.
For   85       at 152. As the valve 27 moves downward  example, if the glow
plug is not shielded, the       the water within the container 43 is
squeezed  cooler air injected for mixing purposes may 



upward between the exterior diameter of  cool the glow plug to a
temperature whereby       the valve 27 and the interior diameter of the
ignition of the air-diesel fuel mixture may be 25   container to decelerate
the valve.           sporadic or prevented if the temperature is  90
The cylindrical wall structure of retract  lower than that necessary for
ignition to take       cylinder 32 is welded to the bottom surface of
place.       plate 150 and to the top surface of plate 153.    Figures
lOa-12 show an arrangement for       Plate 153, in turn, is supported by a
plurality  shielding the glow plug from the direct air. 30   of spaced rods
154, coupled to plate 150 and  The shield is illustrated at 180 in Figure
lOa.  95       to plate 153 by way of bolts illustrated at 155.  It is a
half cylinder welded to the chamber         Valve 27 is coupled to retract
piston 33 by  wall and located to one side of the glow plug       way of
coupling rod 160. The lower end of  as shown in Figures 11 and 12. The air
rod 160 is welded to piston 33 while its upper  conduit 48 has an interior
extension 181 35   end is secured to valve 27 with a flexible  with a
curved end pointing to the side of the   100       coupling arrangement to
provide a cushion-  chamber interior and downwardly whereby       ing
effect and to avoid the necessity of high  the air injected is deflected
around the       precision of alignment of parts. The flexible  chamber in
a  clockwise  direction  and       coupling arrangement comprises a
circular  downwardly in a swirling motion. As seen in 40   plate 161
threaded to the upper end of  Figures 1l and 12, the shield 180 is located
105       rod  160 and which also  is coupled to  between the glow plug and
the air flowing to       valve structure 27 by way of bolts 162. The  the
glow plug in a clockwise direction. With       apertures in plate 161
through which the bolts  this arrangement, diesel fuel may be sprayed
162 extend are larger than the stems thereof  from nozzle 140 toward the
glow plug 141 45   whereby the plate 161 can move relative  unobstructed by
the shield.                       110       to the bolts 162. A resilient
member 163 is       inserted between the plate 161 and the valve   WHAT WE
CLAIM IS:-       27. The upper end of rod 160 pivots in a     1. An
acoustic source comprising a cham-       rounded aperture formed in the
lower surface  ber having an inlet port for gas admission, an 50   of the
valve 27. Cup-shaped member 164 is  outlet port for gas release, the outlet
port       threaded to the upper end of rod 160 and  being valve
controlled, characterized in that   115       is provided to prevent
excessive angular  the valve comprises a closure member of       movement
between the rod 160 and the valve  magnetizable material, and that magnetic
27.                                          means is employed for holding
the valve 55     The  seal 28  for the  source  in  one  in the closed
position, said closure member       embodiment comprises a stainless steel
ring  being movable to an open position for release   120 



170 and a resilient elastomer O-ring 171 (see  of the gas through said
outlet port.       Figure 10) located in the slot 29. This slot is   2. The
source  according  to  claim   I       formed by metal holding rings 172
and 173  wherein said magnetic means comprises a 60   secured to the
magnetic core structure 34 by  solenoid surrounding said outlet port.
bolts illustrated at 174. A plurality of spaced    3. A source according to
claim  1 or 2,  125       radially extending channels 175 extends from
wherein the valve is reciprocable and a valve       the pressure chamber
region to the slot 29  member remote from  a closure member       whereby
pressurized gas is applied to the slot  cooperates with means for returning
the 65   29 for effecting a seal between the elastomer  opened valve to the
closed position.             6
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valve 146 for a short period of  O-ring 171. the walls of the slot 29, and
the       time whereby diesel fuel is sprayed into the  metal seal ring 170
and between the metal       chamber toward glow plug 141. The diesel  ring
170 and the top surface of valve 27. Re-       fuel mixes with the
pressurized air and is  silient O-ring 176 located in slot 177 provides  5
ignited by the glow plug. After a short period  a seal between ring 1 72
and structure 34.  70       of time, the timer 54 next allows valve 146 to
In the preferred embodiment, the elas-       close to block the flow of
diesel fuel to the  tomer O-ring 171 is of the heat resistant       nozzle
140. The remaining sequence of oper-  type. In the source employing diesel
fuel       ation  is the same as that described  in  increased protection
for the elastomer 0-ring,  10   connection with the embodiment of Figure 2.
from  the hot gases formed in the chamber   75         Referring again to
Figure 2, there will be  can be obtained by providing a labyrinth for 



described other structural features of the  cooling the hot gases before
application to       source. Deceleration  container 43  is a  the slot 29.
cylindrical member having an interior dia-    In the operation of a
pneumatic acoustic  15   meter  slightly  larger  than  the  exterior
source employing diesel fuel, it has been   80       diameter of valve 27.
The cylindrical walls of  found desirable to employ a shield to protect
container 43 are welded to circular bottom   the igniter or glow plug from
the direct air       plate 150 which, in turn, is supported by a  injected
into the chamber to reduce cooling       plurality of spaced rods 151,
coupled to rim   of the glow plug and hence to avoid erratic 20   63 and to
plate 150 by way of bolts illustrated  firing which might otherwise occur.
For   85       at 152. As the valve 27 moves downward  example, if the glow
plug is not shielded, the       the water within the container 43 is
squeezed  cooler air injected for mixing purposes may       upward between
the exterior diameter of  cool the glow plug to a temperature whereby
the valve 27 and the interior diameter of the  ignition of the air-diesel
fuel mixture may be 25   container to decelerate the valve.
sporadic or prevented if the temperature is  90         The cylindrical
wall structure of retract  lower than that necessary for ignition to take
cylinder 32 is welded to the bottom surface of  place.       plate 150 and
to the top surface of plate 153.    Figures lOa-12 show an arrangement for
Plate 153, in turn, is supported by a plurality  shielding the glow plug
from the direct air.  30   of spaced rods 154, coupled to plate 150 and
The shield is illustrated at 180 in Figure l0a.  95       to plate 153 by
way of bolts illustrated at 155.  It is a half cylinder welded to the
chamber          Valve 27 is coupled to retract piston 33 by  wall and
located to one side of the glow plug       way of coupling rod 160. The
lower end of  as shown in Figures 11 and 12. The air       rod 160 is
welded to piston 33 while its upper  conduit 48 has an interior extension
181  35   end is secured to valve 27 with a flexible  with a curved end
pointing to the side of the   100       coupling arrangement to provide a
cushion-  chamber interior and downwardly whereby       ing effect and to
avoid the necessity of high  the air injected  is deflected around  the
precision of alignment of parts. The flexible  chamber in  a  clockwise
direction  and       coupling arrangement comprises a circular  downwardly
in a swirling motion. As seen in  40   plate 161 threaded to the upper end
of  Figures 11 and 12, the shield 180 is located   105       rod  160 and
which also  is coupled  to  between the glow plug and the air flowing to
valve structure 27 by way of bolts 162. The  the glow plug in a clockwise
direction. With       apertures in plate 161 through which the bolts  this
arrangement, diesel fuel may be sprayed       162 extend are larger than
the stems thereof  from  nozzle 140 toward the glow plug 141  45   whereby
the plate 161 can move relative  unobstructed by the shield.
110 



to the bolts 162. A resilient member 163 is       inserted between the
plate 161 and the valve   WHAT WE CLAIM IS:-       27. The upper end of rod
160 pivots in a       1. An acoustic source comprising a cham-
rounded aperture formed in the lower surface  ber having an inlet port for
gas admission, an  50   of the valve 27. Cup-shaped member 164 is  outlet
port for gas release, the outlet port       threaded to the upper end of
rod 160 and  being valve controlled, characterized in that   115       is
provided to prevent excessive angular  the valve comprises a closure member
of       movement between the rod 160 and the valve  magnetizable material,
and that magnetic       27.                                          means
is employed for holding the valve  55     The  seal 28  for the source  in
one  in the closed position, said closure member       embodiment comprises
a stainless steel ring  being movable to an open position for release   120
170 and a resilient elastomer 0-ring 171 (see  of the gas through said
outlet port.       Figure 10) located in the slot 29. This slot is    2.
The  source  according  to  claim    1       formed by metal holding rings
172 and 173  wherein said magnetic means comprises a  60   secured to the
magnetic core structure 34 by  solenoid surrounding said outlet port.
bolts illustrated at 174. A plurality of spaced  3. A source according to
claim  1 or 2,   125        radially extending channels 175 extends from
wherein the valve is reciprocable and a valve        the pressure chamber
region to the slot 29  member remote from  a closure member        whereby
pressurized gas is applied to the slot  cooperates with  means for
returning the  65   29 for effecting a seal between the elastomer  opened
valve to the closed position.        7
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source according to claim 3, wherein  claim in which there is formed in the
outlet       said returning means comprises a source of  port  valve
seating  an  annular  groove       pressurized air.
containing a resilient 0-ring supporting a          5. A source according
to claim 4, wherein  metal seal ring.                               35   5
said source of pressurized air also supplies     13 .A  source  according
to  claim  12, 



the inlet port with the gas to be admitted.  wherein that part of the
groove occupied by          6. A  source according to claim 5 which  the
0-ring communicates with the interior of       also  includes a timing
system  which sy-  the chamber.       nchronizes  gas  admission  with
solenoid      14. A source according to any preceding   40  10
de-energization so that the valve is permitted   claim wherein the valve
closure member and       to open when the gas pressure in the chamber  that
part of the chamber which defines the       has reached a predetermined
value.           outlet port are of laminated metal.          7. A  source
according to any preceding       15. A source according to any of claims 2
claim  which further comprises a  dashpot  to 14 which further comprises
means for   45  15   arrangement acting upon the valve closure
accelerating de-energization of the solenoid.       member.
16. A  source  according  to  claim  15,          8. A  source according to
any preceding  wherein said accelerating means comprises       claim
wherein the chamber contains a diesel  circuitry for effecting current
reversal at the       injector and igniter, for generating high gas  time
of de-energization.                     50 20   pressure by explosion.
17. An acoustic source for subsea explor-          9. A source according to
claim 8, wherein  ation constructed and arranged to operate       a shield
is interposed in the gas flow path  substantially as described with
reference to,       between the igniter and the inlet port.      and as
illustrated in, Figures 1 to 12 of the          10. A source according to
claim 9, wherein  accompanying drawings.                       55  25   the
inlet port bears an extension internal to       the chamber and shaped to
create a generally       helical gas flow path within the chamber.
For the Applicants,          11. A source according to claim 9 or claim
CARPMAELS & RANSFORD,        10, wherein the shield is a semicylindrical
Chartered Patent Agents,  30   baffle.
24 Southampton Buildings,          12. A source according to any preceding
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