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This invention relates to high voltage generators, and 
more particularly to improvements in spark generators. 

Ceramic materials have been developed which have 
piezoelectric properties. It has been found that these 
ceramics can generate Voltages su?iciently high so that 
they can be directly connected to devices, such as to spark 
plugs, for an internal combustion engine. However, one 
of the reasons why this has not been done is that the 
mechanism for applying the required pressures over the 
required short interval with the required repetition for 
use in an internal combustion machine has proven to be 
difficult to construct as well as expensive. 
An object of this invention is to provide a novel and 

useful piezoelectric ceramic high voltage generator. 
Yet another object of the present invention is the pro 

vision of a relatively simple piezoelectric high voltage 
generator. 

Still another object of the present invention is the pro 
vision of a piezoelectric spark generator apparatus which 
is operable in conjunction with an internal combustion 
engine to provide the required spark voltages therefor. 
These and other objects of the present invention are 

achieved in apparatus wherein a piezoelectric ceramic 
cylinder is driven in response to ?uid pressures to provide 
the required voltages. The apparatus in the embodiment 
includes an accumulator for pressurized ?uid with a valv 
ing mechanism such that the ?uid, when a spark is re 
quired, is permitted to be applied to the piezoelectric 
ceramic device. The ?uid pressure is then relieved. Fluid 
is then accumulated in the pressurized ?uid accumulator 
for use when the next spark is required. 

In another embodiment, a cam actuated piston applies 
pressure to a ?uid which actuates a pressure plunger or 
second piston, which in turn applies pressure to a piezo 
electric cylinder. After a predetermined pressure has been 
applied, the pressure is released and the voltage generated 
thereby by the piezoelectric device is applied to the spark 
plug device requiring it. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention itself both as to its organi 
zation and method of operation, as well as additional 
objects and advantages thereof, will best be understood 
from the following description when read in connection 
With the accompanying drawings, in which: 
FIGURE 1 is a schematic diagram of an embodiment 

of this invention; 
FIGURE 2 is a cross-sectional view of an embodiment 

of this invention; 
FIGURE 3 is a cross-sectional view along the lines 

3——3 of FIGURE 2 illustrating the appearance of the 
embodiment of this invention when the pump is made 
integral therewith; 
FIGURE 4 is a cross-sectional view along the lines 

4—4 of FIGURE 3 illustrating a detail of the pump; 
FIGURE 5 is a schematic view of a circular arrange 

ment for a high voltage generator in accordance with this 
invention; 
FIGURE 6 is a cross-sectional view along the lines 

6-6 of the voltage generator shown in FIGURE 5; 
FIGURE 7 is a cross-sectional view of another embodi 

ment of the invention; and 
FIGURE 8 is a cross-sectional view of an embodiment 
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of the invention which does not use a rotating shaft as 
a valve means. 

Referring now to FIGURE 1, there may be seen a 
schematic drawing of an embodiment of the invention. A 
high voltage generator 10, in accordance with this inven 
tion, which is to be used with an internal combustion 
engine 12, has a valve driven by the motor 12 through 
a shaft 14. The motor 12 also drives a ?uid pump 16. 
The ?uid pump applies ?uid to the generator at a high 
pressure and the ?uid is returned thereto at a low pressure. 
Where a single generator is employed for an engine, a 
distributor 18' is employed to distribute the voltage to the 
various spark plugs of the motor 12. In case a generator 
is employed for each spark plug in the motor, the dis 
tributor may be eliminated. 
FIGURE 2 is a cross-sectional view of an embodiment 

of the invention. The structure of the invention is sym 
metrical about the center. It includes a solid body 20 
having a ?uid accumulator portion 24A which is sub 
stantially cylindrical in shape and a back portion 24B 
having the shape of a truncated column. 
A piston 26 having the usual sealing ring 28 at the 

edges thereof to provide a movable seal with the walls 
of the cavity 24 is urged into the pressure ?uid accumu 
lating end 24A of the cavity 24 by means of a spring 
28. The spring is mounted within the cavity portion 24B 
to push against the piston 26. A vent tube 30‘ permits air 
to escape from the portion of the cavity 243. Hydraulic 
?uid under pressure from the pump 16 is pumper through 
the tube 32 into the cavity portion 24A. A passageway 
34 leads from the bottom of the cavity portion 24A, 
which is opposite the piston 26, to a valving means. This 
valving means consists of a rotary shaft 36 having a ?rst 
and second passageway respectively 38, 40 therethrough. 
These passageways, as may be seen in FIGURE 3, are 
in side-by-side relation and make different angles with 
the axis of the shaft 36. The rotary shaft 36 is driven 
by the motor so that it will have one position wherein 
the passageway 34 and the passageway 38 are lined with 
another passageway 42 which is on the opposite side of 
the shaft 36. The shaft continues to rotate until the pas 
sageway 40 can align itself between another passageway 
43, as may be seen in FIGURE 3, and a relief passage~ 
way 44. 
The cavity 22 contains two piezoelectric ceramic cylin 

ders respectively 46, 48 which are electrically axially 
poled. These cylinders are aligned with one another, such 
that their poling directions are toward the center elec 
trode. One end of one of the cylinders is attached to 
the apex end of the cavity 22. The two cylinders are 
separated by a suitable electrode v5t), which can comprise 
plating on the abutting ends of the cylinders. The other 
end of the cylinder 48 is attached to a piston 52. The 
piston has a liquid seal 54 mounted at its edges so that 
no hydraulic ?uid can pass around and behind the piston 
52. An air vent 56 is provided for the space behind the 
piston ‘52. An electrical lead 58 is connected to the elec 
trode 50 and is insulatingly brought through the walls of 
the body 20 and external to the cavity 22. The opposite 
ends of the piezoelectric ceramic cylinders 46, 48 are 
grounded to the body 20. Thus, the high voltage required 
is taken from between the lead 58 and the body 20‘. 

In operation, as the shaft 36 rotates, pressurized ?uid 
is pumped through the passage 32 into the portion 24A 
of the cavity 24 which is in front of the piston 26. The 
piston is pushed back upon the spring 28, thus accumulat 
ing pressurized ?uid in the portion of the chamber 24A 
in front of the piston 26. When the shaft 36 is turned to 
align the passage 38 with the passages 34, 42, there is 
a sudden application of pressurized ?uid to the base of 
the piston 52 causing it to exert a high compressive force 
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upon the piezoelectric ceramic cylinders 46, 48. The re 
sult is the sudden generation of a high voltage which is 
applied, via the lead 58 and a ground connection, through 
the body 20, to a spark plug. As a result, the spark plug 
will spark whereby the voltage across the piezoelectric 
cylinders is discharged. 
As the shaft 36 continues to turn, ‘it aligns the passage 

way 40 with the passageways 43 and 44. This causes the 
strain which is placed upon the piezoelectric cylinders to 
be relieved since an exit passageway is provided for the 
?uid which was applied to' the piston 52. This ?uid is 
evacuated. Meanwhile there is a build up of pressurized 
?uid in the chamber 24A against the time when the shaft 
36 aligns passageway 38 with passageways 34 and 42. 
The purpose of the pressure accumulator in the em 

bodiment of the invention is to arrest pressure surges in 
the hydraulic ?uid supply. Also, there is provided a 
short coupling distance for the hydraulic ?uid supply 
which provides direct application of pressure from the 
source of the ?uid at high pressure to the location at 
which it is used. The embodiment of the invention shown 
is simple to construct and maintain. It can be operated 
as rapidly as is required and provides consistent outputs. 
A preferred arrangement for the embodiment of the 

invention is one wherein the pump is made integral with 
the spark generator itself. An arrangement for doing this 
is shown in FIGURE 3, which is a cross-sectional view 
along the lines 3—3 of FIGURE 2. It should be borne in 
mind here that the structure shown in FIGURE 3 is 
identical with that shown in FIGURE 2, except for the 
addition therein of the pump structure 60. Considering 
FIGURE 4 also, which is a cross-sectional view of FIG-. 
URIE 3 taken along the lines 4—4, the pump structure is 
seen as an extension of the shaft 36 into a pump housing 
portion 62 which shaft extension carries vanes 64. As the 
shaft rotates these vanes'within the pump cavity 66 in 
the pump housing 62 produce the necessary pressure 
build up of the hydraulic ?uid which is fed thereto from 
the passageway 44. This ?uid is pumped into the chamber 
portion 24A through a passageway (not shown). 

While the embodiment of the invention has been de 
scribed as capable of providing a succession of voltages 
for operating all of the spark plugs of an engine, it will 
be understood by those skilled in the art that it is pre 
ferred to either provide one of these generators for every 
spark plug employed in the engine, or one of these gen 
erators for several of the spark plugs in the engine. These 
arrangements may be made with a plurality of the em 
bodiment shown in FIGURE 2 or FIGURE 3 aligned 
along a single rotary shaft 36 to be controlled by the 
passages which are spaced along said shaft, as shown in 
FIGURE 3, or may have an arrangement wherein the 
voltage generators are circularly distributed about a ro- ’ 
tating shaft. 
FIGURE 5 is a schematic view of a circular arrange 

ment of the piezoelectric voltage generator and FIGURE 
6 is a cross~sectional view along the lines 6—6 of FIG 
URE 5. The high voltage generator 70 has a rotatable 
shaft valve arrangement 72 similar to the type already 
described. This is driven from the engine 74. A ?uid 
pump 76 is also required which is driven from the engine 
74. The ?uid pump provides hydraulic ?uid to the high 
voltage generator which will contain a pressurized ?uid 
accumulator of the type already described. The high 
voltage generator return-s the ?uid back to the ?uid 
pump 76. The output of the high voltage generator may 
be applied by means of the six electrical wires .78 to the 
spark plugs of the engine ‘74. 
As may be seen in FIGURE 6, the voltage generator 

in FIGURE 5 comprises a circular hollow housing 80 
which has a spider structure consisting of a central hol 
low core 82 with six radial walls 84 supporting the cen 
tral core 82 and dividing the inside of the housing up 
into six separate chambers. Six pairs of piezoelectric cylin~ 
ders respectively 86, 88 are supported in each chamber 
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with the cylinder 88 having one end rigidly abutting the 
central core 82 and the cylinder 86 extending between 
the other end of the cylinder 88 and a piston 90. The 
abutting ends of the cylinders 86, 88 have a metal ?lm 
thereon and connection is made externally therefrom to 
the leads 78 by means of a lead 92 connected to the ?lm. 
The central rotating shaft 72 has a central opening 72A 
which connects to the pressurized ?uid accumulator of 
the device. A radially extending passageway 72B in said 
shaft conducts the ?uid in said central opening succes 
sively to the tubes 96, represented by dotted lines, which 
extend from adjacent the rotating shaft through the re 
spective centers of the piezoelectric cylinders, to the re 
gion 98 which is behind the respective pistons 90. The 
pressure of the hydraulic ?uid which is applied to the 
respective pistons is relieved by means of bleed off open 
ings 1% which are made in the respective walls opposite 
the respective pistons 90. These bleed off openings ex 
tend through passageways, now shown, to a common 
collecting tube which then couples back to the ?uid 
pump '76. . 

It is believed that the operation of the system should 
be fairly obvious. The shaft 72 rotates until the passage 
way 72B aligns itself with one of the tubes 96. The high 
pressure ?uid in the accumulator can then be discharged 
into the space 98 behind one of the pistons 90'. The piston 
is moved to apply pressure to the piezoelectric cylinders 
thereby generating a high voltage. As the shaft continues 
to turn, the application of high pressure ?uid to the spe 
ci?c piston is terminated and'the ?uid pressure behind the 
piston is relieved via a bleed off opening 100 and the 
passageways provided therefor to return the ?uid back 
to the ?uid pump. The ‘pressure on the piston is thus 
relieved. The shaft continues to turn and successively‘ 
activates each one of the pistons in turn. 

Another arrangement may be employed for the em 
bodiment of the invention whereby instead of a high 
voltage being derived from the application of pressure 
to the piezoelectric cylinders, such voltage may be derived 
from the sudden removal of the pressure therefrom. A 
cross-sectional view of an arrangement for accomplish 
ing this is shown in FIGURE 7. The housing 110 con 
tains a pressurized ?uid accumulator cavity 114. A ro~ 
tating shaft 116 driven by a motor (not shown) has a 
pump structure 118 at one end thereof. A low ?uid pres 
sure cavity 120 contains hydraulic ?uid at a low pressure 
and a conduit 122 conducts this ?uid to the pump 118. A 
second conduit 124 conducts the ?uid to the pressurized 
?uid accumulator cavity 114. It will be appreciated 
that the cavity 114 may have structure consisting of a 
spring backed piston such as is shown in FIGURES 2 
and 3. 
The shaft 116 will have therein two valving passage 

ways similar to the passageways 38, 40 which are shown 
in FIGURES 2 and 3. Only one of these passageways, 
the exit passageway 126, is shown in FIGURE 7. The en 
trance passageway, however, allows high pressure ?uid 
from the accumulator 114 to be applied against the back 
side of a piston 128. A piston moves to compress two 
axially aligned piezoelectric cylinders respectively 130,. 
132. The cylinder 132 has one end solidly abutted against 
a rubber shock pad 134, which in turn is held in place: 
against the inner wall of the housing 110‘. The other end‘. 
of the piezoelectric cylinder 132 has a metal deposit 
thereon and abuts a similarly ?nished end of the cylin 
der 130. A high voltage lead 136 connects to the abutting 
ends of the piezoelectric cylinders and extends to the 
outside of the high voltage generator surrounded by in 
sulation 138. The lead 136 is connected through a high 
resistance bleeder resistor 140 to ground. The piston 128 
compresses the piezoelectric'cylinders 130, 132 under 
the pressure of ?uid from the high pressure reservoir 114. 

Rubber reaction pads 142 are interposed between the 
piston 12S and the piezoelectric cylinder. Thus, these 
rubber reaction pads 1442 together with the rubber're 
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action pads 134 operate to cushion the sudden applica 
tion of high pressure to the piezoelectric cylinders 13%), 
132 by the piston 128. Also, the voltage which is gen 
erated as a result of the application of pressure to the 
cylinders is bled off through resistor 140. 
As the shaft 116 continues to be turned, the passage 

way to the high pressure ?uid reservoir is blocked, the 
piston remains in its pressure applying position however 
until the shaft is turned to couple the passageway 125 
between the space behind the piston and a poppet valve 
148. The pressure of the ?uid behind the piston 142 ex 
ceeds the pressure required to open the poppet valve. The 
poppet valve 148 is normally closed to maintain the pas 
sage 126 blocked from another passage 150 leading to 
the low pressure ?uid reservoir 129. The poppet valve 
is a high speed operating valve which may have an open 
ing time on the order of 20 microseconds. The relatively 
large ori?ce created by the opened valve causes the ?uid 
pressure at the back of the piston to drop quickly to ap 
proximately atmospheric level. As a result of the rapid 
?uid pressure drop, there is a rapid unloading of the pres 
sure applied to the piezoelectric cylinders, as a result of 
which they generate a voltage pulse (of approximately 
50 microsecond rise time) that is transmitted by the 
shielded conductor 136 to a spark plug. 
At a predetermined reduced pressure, the poppet valve 

closes, sealing the hydraulic chamber for the next cycle. 
The ?uid in the low pressure reservoir is pumped by the 
vane pump 118 back into the high pressure ?uid accumu 
lating chamber 114. The piezoelectric rods 13%, 132 are 
enclosed in an insulating boot 152, which may be made 
from one of several epoxy or elastomer compounds, such 
as silicon rubber, enabling a simple and inexpensive boot 
to be produced rapidly. A ?uid vent 154 is provided as 
a release passage for any ?uid which may leak past the 
plunger ring 156 which slidably seals the outside edge 
of the piston of the housing wall. 
For a given engine r.p.m., the timing shaft subjects the 

poppet valve to the pressure behind the cylinder and 
which causes the valve to open at a particular crank angle, 
providing reproducible ignition timing, which is as accu 
rate as that of the timing shaft with relation to the crank 
shaft. The ports in the shaft time the blow down process, 
and hence time the voltage generated by the ignition sys 
tem. The function of the poppet valve is to govern the 
rate of the blow down process, and thus the voltage rise 
time produced by this system. As the engine r.p.m. in 
creases, the ?uid pressure in the chamber increases at 
a slower rate (due to ?uid transfer), causing the poppet 
valve to open later, and the piezoelectric ceramic to be 
discharged later. Thus, timing retards with an increase 
in engine r.p.m. As a result of this retardation with in 
creasing engine-r.p.m., and the requirement for spark ad 
vance with r.p.m., a greater degree of advance may be 
necessary for this ignition than for conventional systems. 
This advance is accomplished simply by rotating the 
housing 110 about the timing shaft, using the shaft bear 
ing. Another feature of the ignition system in accordance 
with this invention is that the voltage generated by the 
piezoelectric ceramic remains constant with r.p.m., 
rather than decreasing with increase in r.p.m., as in con 
ventional ignition systems. This constant voltage results 
from constant accumulator pressures; large area porting 
having high flow coe?‘icient, and low pressure drops and 
the constant pop olf pressure of the poppet valve. 
An additional feature of this ignition system is that 

during engine start up, the spark voltage is substantially 
higher than in conventional ignition systems, because 
the Voltage generated by the piezoelectric system is in 
dependent of the engine r.p.rn. In conventional systems, 
the voltage is substantially lower at start up, especially 
with a cold battery subjected to the large power drain 
required for engine cranking. , , 

FIGURE 8 is a cross-sectional view of another em 
bodiment of this invention which does not utilize a rotat 
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6 
ing shaft as valve means. This embodiment of the inven 
tion is directly actuated by a cam (a portion of which is 
shown) which is on the cam shaft of the internal com 
bustion engine with which the spark generator is em~ 
ployed. The high voltage generating equipment includes 
a housing block 162 which has a cylindrical opening 
drilled therein for holding the apparatus associated with 
the spark generator. This housing block is suitably mount 
ed on or within the engine so that it may receive oil from 
the engine’s lubricating oil supply. This will become 
more clear as this description continues. 
The cam 160 drives a cam follower and plunger 164 

which ?lls a portion of the opening in the housing 162. 
The cam follower and plunger can reciprocate within 
this opening, and has a slidable sealing ring 166‘, which 
can be made of Te?on, mounted on its periphery. The 
piston and plunger have a ?uid relief passageway 168, 
which may take the form of a T, drilled therein. The 
openings at the ends of the bar of the T return the ?uid, 
which is the engine lubricating oil, ‘back to the engine 
lubricating oil supply source. The bottom of the T opens 
into a poppet valve 170‘, which functions to open and 
permit passage of ?uid from a working region 172 through 
passageways 174 and 176, through the poppet valve 170 
into the fluid relief passage 168, when the pressure of the 
?uid in the Working space 172 exceeds a predetermined 
value, as may be set in well known fashion with the pop 
pet valve. 
A movable piston 178 is spaced from the end of the 

cam follower and plunger 164. This piston is supported 
within the opening in the housing block ‘by means of a 
leakproof sealing ring 180 whereby it may move sul? 
ciently, in response to being actuated by a pressurized 
fluid, to bring pressure to bear upon two axially aligned 
piezoelectric cylinders 182, 184. The end of the piston 
178 pushes against rubber pads 186 which transmit the 
pressure applied thereto to the piezoelectric cylinder 182. 
The end of the piezoelectric cylinder 184, which is ad 
jacent the termination of the cavity within the housing 
block, abuts another set of rubber pads 188. Both of the 
sets of rubber pads 186 and 188 are respectively con 
tained within L rings 190, 190 respectively. 
The working space 172 is ?lled with engine oil from 

the lubricating oil supply of the engine, through a tube 
194 which is connected to the working space through 
a valve 196. As the cam 160 lifts the integral cam fol 
lower plunger 164, there is an increase in the pressure 
on the ?uid within the space 172 which forces the drive 
piston 178 upward, compressing the rubber reaction pads 
respectively 186 and 188 and the piezoelectric rods 182 
and 184. The compression of these rods generates an elec 
tric charge which is gradually bled off through a bleeder 
resistor 198 which is connected to the lead 200, connected 
to the electrodes between the two piezoelectric rods. As 
the plunger ‘continues to rise, the ?uid pressure and the 
compressive loading on the piezoelectric rods increase. 
At a predetermined ?uid pressure, corresponding to a 

particular crank angle, the poppet valve 170 opens. This 
valve has a fast opening time (on the order of 20 
microseconds) and a relatively large ori?ce created by the 
open valve, causes the ?uid pressure in the working space 
172 to drop quickly to the level (approximately atmos 
pheric) of the ?uid pressure in the relief passage 168. 
The time required for fluid pressure release is approxi 
mately 50 microseconds. This ?uid pressure drop causes 
a rapid unloading of the piezoelectric rods, which in 
turn generate a voltage pulse that is transmitted by the 
shielded high voltage lead 200 to a spark plug. The rise 
time of the voltage pulse is approximately 50 micro 
seconds. At a predetrrnined low pressure, the poppet 
valve closes, sealing the hydraulic chamber. 
The integral cam follower plunger follows the negative 

ramp (closing ?ank of the cam 160) as the cam rotates 
past its ?ow point. This cam following action results from 
the downward reaction caused by the resilience of the 
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rubber reaction pads, housing and piezoelectric rods 
moving against the ?uid in the chamber. As the plunger 
uncovers the ?uid inlet ori?ce, the valve 196, which is 
a check valve, opens and ?uid ?ows into the hydraulic 
chamber from the ?uid supply line. - 
The elastic radial deformation of the metal L rings 

allows the captured rubber reaction pads to shear radial 
ly. This radial deformaiton occurs primarily toward the 
edge opposite to the surface which joins the rubber 
pad to the ceramic rod; however, the radial deformation 
of the ring at the sealing surface between the pad and 
the ceramic is negligible. This action gives resiliency 
(elastic compliance) to the piezoelectric drive mecha 
nism, while preventing rubber extrusion past the ring and 
the ceramic. The slight radial expansion of the ceramic 
under compressive loading enhances this sealing action, 
further preventing rubber extrusion under high compres 
sive loadings. In addition, these mounting pads allow 
for some degree of misalignment, surface mismatching, 
and inexact ‘dimensional tolerances between the piezo 
electric drive mechanism, the piezoelectric ceramic and 
the housing. 

While the spark generator has been described as being 
utilized for the purpose of providing a voltage to a spark 
plug, it will be appreciated that this utility is exemplary 
only and should not be considered as restrictive. The 
device may have other uses, such as providing the voltage 
for a high voltage power supply or it can be used for 
charging capacitors, the output of which serves to pro 
vide the energy for driving subsequent equipment. 
What is claimed is: 
1. A high voltage generator comprising a piezoelec~ 

tric body having opposite ends, means for substantially 
rigidly supporting one of said opposite ends of said body, 
piston means adjacent the other end for applying when 
actuated compressive pressure thereto, a source of ?uid 
under a pressure required to actuate said piston means, 
valve means comprising a rotatable shaft ?rst passage 
way, means throughsaid shaft for coupling said source of 
?uid under pressure to one of said piston means when 
said shaft has a ?rst position, second passageway means 
through said shaft disposed in said shaft adjacent to said 
?rst passageway means for relieving the pressure of the 
?uid already applied to said piston means when said shaft 
has a second position which is at an angle relative to 
said ?rst position, and means for deriving an electrical 
output from said piezoelectric body. 

2. Apparatus as ‘recited in claim 1 wherein there is 
included a poppet valve adjacent said second passageway 
for blocking said second passageway until the pressure 
of the ?uid already applied to said piston means exceeds 
a predetermined amplitude. 

3. A piezoelectric voltage generator comprising a pie 
zoelectric body having opposite ends, means for rigidly 
supporting one of said opposite ends, piston means ad 
jacent the other of said opposite ends for applying a com~ 
pressive load to said ‘piezoelectric body when actuated, a 
source of ?uid under pressure, means for periodically 
applying fluid from said source to said piston means and 
for withdrawing said applied ?uid from said piston means 
including a hydraulic ?uid, means for accumulating said 

' pressurized ?uid coupled to said pump means, an entrance 
passageway between said means for accumulating pres 
surized ?uid and said piston means for applying pres 
surized ?uid from said means for accumulating pressur 
ized ?uid to said piston means, and valve means in said 
entrance and discharge passageways for admitting pres 
surized ?uid from said means for accumulating to said 
piston means and for permitting the ?uid applied to said 
piston means to be discharged through said discharge pas 
sage, and means for deriving an electrical output from said 
piezoelectric body. 

4. Apparatus as recited in claim 3 wherein said valve 
means comprises a rotatably supported shaft, said shaft 
having a ?rst passageway therethrough, and a second pas 
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55 
sageway through said shaft adjacent to and angularly dis 
posed relative to said ?rst passageway, said ?rst passage 
way being aligned with said entrance passageway when 
said shaft has a ?rst position, said second passageway be 
ing aligned with said discharge passageway when said 
shaft has a second position. 

5. Apparatus as recited in claim 4 wherein said dis 
charge passageway means include a poppet valve which 
blocks said passageway until the ?uid pressure applied 
thereto exceeds a predetermined value. 

6. A piezoelectric voltage generator comprising a ‘pi 
ezoelectric body having opposite ends, means for rigidly 
supporting one of said opposite ends, movable piston 
‘means adjacent to the other of said opposite ends for ap 
plying comprcssive pressure to said piezoelectric voltage 
generator, means for alternately applying and relieving 
pressure on said piston means, and means for deriving an 
electrical output from said ceramic body; said means for 
applying ‘and relieving hydraulic pressure on said piston 
means including a chamber, a piston movably mounted 
within said chamber, resilient means at one end of said 
chamber for biasing said piston toward the other end of 
said chamber, a source of hydraulic ?uid under pressure, 
inlet passage means coupling said source of hydraulic 
?uid under pressure to said other end of said chamber, 
outlet passage means for enabling the application of said 
?uid under pressure in said other end of said chamber to 
said piston means, and valve means for alternately open 
ing said outlet passage means and for blocking said out 
let passage means and relieving the ?uid pressure on said 
piston means. 

7. Apparatus as recited in claim 6 wherein said valve 
means comprises a rotatable shaft, said rotatable shaft 
having ag?rst slot therethrough for completion ofthe out 
let passage means between said one end of said chamber 
and said piston, and a second slot therethrough displaced 
from said ?rst slot for relieving the pressure of said 
hydraulic ?uid on said piston means. 

8. Apparatus as recited in claim 6 wherein said shaft 
means includes a pump at one end thereof for pres~ 
surizing said hydraulic ?uid. 

9. A high voltage generator comprising ?rst and second 
cylinders made of piezoelectric material, means axially 
aligning said ?rst and second cylinders, an electrode be 
tween said ?rst and second cylinders, support means for 
solidly supporting one end of said aligned ?rst and sec 
ond cylinders, a piston positioned adjacent to the other 
end of said aligned cylinders for applying compressive 
pressures thereto, means for applying and relieving pres 
sure on said piston comprising a source of ?uid under 
pressure, a relatively‘ low pressure reservoir, rotary valve 
means for alternately coupling said source of ?uid under 
pressure to said piston and for blocking the application 
of said ?uid under pressure to said piston while enabling 
the ?uid applied to said piston previously to escape to 
said low pressure reservoir, poppet valve means between 
said low pressure reservoir and said rotary valve means 
for blocking passage of ?uid from said rotary valve means 
to said low pressure reservoir until the pressure of said 
?uid exceeds a predetermined value, and means for 
deriving an electrical output from said ?rst and second 
cylinders. 

10. Apparatus as recited in claim 9 wherein said source 
of hydraulic ?uid under pressure comprises a chamber 
having a piston slidably supported therein, spring means 
for biasing said piston toward one end of said chamber, 
pump’ means for pumping hydraulic ?uid under pressure 
to said one end of said chamber, and exit passage means 
coupling said one end of said chamber to said rotary 
valve means. 

11. A piezoelectric high voltage generator comprising 
a plurality of piezoelectric cylinders, a central body, said 
plurality of cylinders arranged to extend radially out~ 
ward with one of their ends resting on said central 'body, ' 
a piston means for each of said plurality of cylinders, each 
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said piston means being positioned adjacent the other of 
the ends of each of said piezoelectric cylinders for apply 
ing compressive forces thereto when actuated, means 

7 for successively actuating each of said piezoelectric cylin 
ders comprising a source of ?uid under 'high pressure, 
means for successively applying ?uid from said source 
to each of said piston means, means for relieving the ?uid 
pressure applied to each of said piston means, and means 
for deriving an electrical output from each of said piezo 
electric cylinders. 

12. A piezoelectric high voltage generator as recited in 
claim 11, wherein said means for successively applying 
?uid from said source to each of said piston means in 
cludes a rotary shaft rotatably mounted in said central 
body, a separate passageway extending from each of said 
piston means to said rotary shaft, and an input passageway 
in said shaft extending between said source of ?uid under 
pressure and each of said separate passageways as said 
shaft is rotated. 

13. A piezoelectric high voltage generator comprising 
a piezoelectric body having opposite ends, means for sub 
stantially rigidly supporting one of said opposite ends 
of said body, piston means adjacent the other end of said 
body for applying when actuated compressive pressures 
to said other of said opposite ends, means de?ning a ?uid 
chamber, said means including the side of said piston 
means Which is opposite the side adjacent said piezoelec 
tric body, said means further including a cam actuated 
plunger forming a wall of said ?uid chamber opposite 
to the Wall formed by said piston means, a ?uid escape 
passage in said cam actuated plunger communicating 
with said ?uid chamber, valve means in said ?uid escape 
passage for blocking said passage for the escape of ?uid 
until said ?uid exceeds a predetermined pressure, a source 
of ?uid supply coupled to said ?uid chamber, cam means 
for moving said cam actuated plunger toward said piston 
means for applying pressure to said ?uid in said chamber 
and thereby to said piston means and said piezoelectric 
body, and means for deriving an electrical output from 
said piezoelectric body. 
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14. A high voltage generator comprising a cylinder of 
piezoelectric material, means for substantially solidly 
supporting one end of said cylinder, piston means adja 
cent the other end of said cylinder for applying when 
actuated compressive pressure to said piezoelectric cylin 
der, and means for hydraulically actuating said piston 
means comprising cam actuated means for applying ?uid 
under pressure to said piston means, and means Within 
said cam actuated means for rapidly relieving the ?uid 
pressure applied to said piston means. 

15. Apparatus as recited in claim 14 wherein said cam 
operated cam follower means comprises a cam operated 
plunger having a ?uid release passageway therein, a pop 
pet valve in said ?uid release passage for blocking said 
passage until such time as the pressure or ?uid applied 
thereto exceeds a predetermined value. 

16. A voltage generator for an internal combustion 
engine comprising a piezoelectric cylinder, means for 
supporting one end of said piezoelectric cylinder sub 
stantially rigidly, a piston means, means for supporting 
said piston means adjacent the other end of said piezo 
electric cylinder for applying compressive pressure there 
to when actuated, means for hydraulically actuating said 
piston means driven by said internal combustion engine, 
said means including a source of liquid, means for apply 
ing liquid from said source under pressure to said piston 
means to cause it to be actuated, means for relieving the 
pressure of said liquid on said piston means, means for 
deriving a high voltage from said piezoelectric cylinder, 
and means for applying said voltage to said internal com 
bustion engine. 
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