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[5 7] ABSTRACT 

Disclosed is a piezoelectric transducer which is isolated 
from ground by a rigid metallic insulator to improve the 
high frequency response of the transducer. The insula- ' 
tor takes the form of an aluminum or aluminum alloy 
ring or sleeve that is coated with an aluminum oxide. 
The oxide coating is electrically insulating but hard and 
rigid to provide a rigid mount for the transducer mak 
ing it useful at frequencies up close to its natural reso 
nant frequency. 

1 Claim, 11 Drawing Figures 
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TRANSDUCER WITH GROUND ISOLATION 

The present application is a continuation of my co 
pending application Ser. No. 862,381, ?led Sept. 30, 
1969, for TRANSDUCER WITH GROUND ISOLA 
TION. . 

This invention relates to piezoelectric transducers 
and more particularly to a simpli?ed arrangement for 
isolating transducers of this type from ground. 
Piezoelectric transducers utilizing quartz, barium ti 

tanate, or other ceramic materials are well known and 
are used in a variety of applications. Among others, the 
transducers are used to measure acceleration, pressure, 
shock and related phenomena. One of the most widely 
used is the piezoelectric accelerometer in which a seis 
mic mass acts on a plurality of quartz or ceramic wafers 
which are prestressed or preloaded so as to accurately 
follow the input to produce an electrical output signal 
indicative of the acceleration force acting on the trans 
ducer. 
A problem is encountered when piezoelectric trans 

ducers and particularly piezoelectric accelerometers 
are used in conjunction with other electrical equip 
ment. If the transducer is not carefully isolated from 
ground, the transducer is subject to what is commonly 
referred to as electrical ground loops which have an ad 
verse effect on the output. Very often these electrical 
ground loops appear as 60 cycle interference signals 
which are superimposed on the electrical output signal 
of the transducer and can be very annoying and diffi 
cult to eliminate. 

In order to provide ground loop isolation, it has been 
the custom to insert an isolator between the transducer 
base and the support, such as a shaker table or the like 
upon which the accelerometer is mounted. Unfortu 
nately, most insulating materials, such as paper, plas 
tics, and the like, have relatively poor physical proper 
ties and lack the strength and hardness required for 
properly mounting an accelerometer or other piezo 
electric transducer. For example, in order to obtain op 
timum band width, a typical quartz accelerometer may 
be operated up to frequencies close to its resonant 
point, i.e., in the neighborhood of 40 kHz. However, in 
order to obtain this high frequency response, the accel 
erometer needs a strong, rigid support with essentially 
direct contact between the base and the surface to 
which it is mounted. That is, the cushioning or resilient 
effect of the insulating material used to isolate the base 
from its support signi?cantly reduces the high fre 
quency response of the transducer. 
This problem is overcome by the present invention 

because the transducer is mounted to its support by a 
rigid metallic insulator and more particularly by a me 
tallic insulator having one or more surfaces coated with 
a very hard insulating oxide. In the preferred embodi~ 
ment, the insulator takes .the form of‘ an aluminum 
sleeve or washer which has its surfacecontacting the 
transducer support provided with an aluminum oxide 
coating. The insulator not only provides good electrical 
insulation between the transducer and support, but also 
is quite strong and hard to provide an essentially direct 
connection of the transducer to the support so that the 
transducer evidences a good high frequency response 
up to close to its resonant frequency, typically in the 
neighborhood of 40 kHz. Thus, the overall band width 
of the transducer may be increased from a range of typ 
ically 0.1 Hz to 10 kHz to 0.1 Hz to approximately 40 
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kHz. Thus, the present invention provides an increase 
in response band width for the transducer of approxi 
mately four times that of prior ground isolated con 
structions. 

It is, therefore, one object of the present invention to 
provide a transducer incorporating ground isolation. 
Another object of the present invention is to provide 

a transducer which is isolated from ground and which 
has an increased frequency response band width. 
Another object of the present invention is to provide 

a piezoelectric transducer having at least one surface 
provided with a metallic oxide electrically insulating 
coating which has increased strength and rigidity to im 
part to the transducer and support combination an im 
proved high frequency response. 
Another object of the present invention is to provide 

a piezoelectric accelerometer or other type of piezo 
electric transducer which is mounted to a support by a 
metallic sleeve or ring having at least its outer surface 
coated with an aluminum oxide. 
These and further objects and advantages of the in 

vention will be more apparent upon reference to the 
following speci?cation, claims, and appended draw 
ings, wherein: 
FIG. 1 is a cross section through a piezoelectric 

quartz accelerometer constructed in accordance with 
the present invention; 
FIG. 2 is an end view of the accelerometer of FIG. 1; 
FIG. 3 is a view of the mounting assembly for the ac 

celerometer of FIG. 1; 
FIG. 4 is a cross section through the mounting assem 

bly taken along line 4—-4 of FIG. 3; 
FIG. 5 is a detailed view of the mounting stud for the 

accelerometer of FIG. 1; 
FIG. 6 is a view of the mounting stud taken at right 

angles to the view of FIG. 5; 
FIG. 7 is a detailed view of the accelerometer base 

forming a part of the accelerometer of FIG. 1; 
FIG. 8 is a detailed view of the accelerometer base 

taken at right angles to the view of FIG. 7; 
FIG. 9 is a perspective view of the mounting sleeve 

adapted to receive the head of the mounting stud of 
FIGS. 5 and 6; 
FIG. 10 is a cross sectional view of a pressure gage 

constructed in accordance with the present invention 
and incorporating insulating metal sleeves; and 
FIG. 11 is a cross sectional view of a modi?ed pres 

sure gage which may be insulated in the manner illus 
trated in FIG. 10. ' 

Referring to the drawings, the novel transducer of the 
present invention takes the form in FIG. 1 of an accel 
erometer, generally indicated at 10, including a hous 
ing 12 made of stainless steel or other suitable material 
which has mounted in one end a conventional coaxial 
connector indicated at 14. Mounted within the housing 
or casing 12 and spaced from its walls is a piezoelectric 
quartz module 16 including a seismic mass 18, prefera 
bly formed of tungsten and connected to the module 
base 20 by a stainless steel preloading sleeve 22. Sand 
wiched between module base 20 and seismic mass 18 
are a plurality of quartz wafers 24 and between the 
quartz wafers are gold or silver discs 26 which form 
electrodes developing an output electrical signal in re 
sponse to acceleration forces along the axis 28 of the 
accelerometer. Included in the module is a temperature 
compensating disc or wafer 30 for matching the quartz 
to the stainless steel or other material forming the mod 
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ule base 20. One side of the quartz wafers are con 
nected by tabs 32 through disc 30 and base 20 to the 
case 12 which is, in turn, in electrical communication 
with the outer conductor of coaxial connector 14 form 
ing one side of the electrical output. The other side of 
the quartz wafers are connected by similar bent over 
tabs on the gold or silver discs to a conductive pin 34 
electrically connected by lead 36 to the inner conduc 
tor 38 of coaxial connector 14 which forms the other 
side of the electrical output for the accelerometer 10. 
Preloading sleeve 22 is provided with a shoulder 40 

received over the reduced end portion 42 of the seismic 
mass and the preloading sleeve is welded at its other 
end, preferably by a series of spot welds, to module 
base 20. Base 20 is threaded over a projection 44 form 
ing a part. of an accelerometer base 46 also received 
within housing 12. The two bases are also preferably 
connected together and to the prestressing sleeve 22 by 
epoxy, as indicated at 48 and 50. Received within ac 
celerometer base 46 is the head of a mounting stud 52 
having a threaded shank 54 for mounting the acceler 
ometer to a suitable support, such as a shaker table or 
the like, generally indicated by the hatch ‘lines at 56. 
Accelerometer base 46 is mounted to support 56 by 
way of an electrically insulating washer 58 which serves 
to isolate the transducer from support 56 and, there 
fore, from any ground loop currents which may be 
flowing through the support. 
FIGS. 3 and 4 illustrate the manner in which the ac 

celerometer is isolated from ground. Base 46, which is 
preferably made of stainless steel, is provided with a 
circular cavity 60, best seen in FIGS. 7 and 8, and re 
ceived in this cavity is the head 62 of mounting stud 52. 
Head 62 is of generally circular configuration but is cut 
away on both sides to provide the ?ats 64 and 66, best 
seen in FIG. 6. Surrounding the upper portion of 
threaded shank 54 of the mounting stud is a stud 
mounting sleeve 68 which is are welded as at 70 to base 
46. Sleeve 68 is cut away, as best seen in FIG. 9, to pro 
vide projecting portions 65 and 67 which overlie the 
?ats on the head of the mounting stud 62 to keep it 
from turning. Electrically insulating the stud from the 
base 46 and from the mounting sleeve 68 are several 
layers of paper insulation soaked or impregnatedlwith 
epoxy as indicated at 72. Finally, slipped over the 
shank 54 of the stud is the insulating washer 58 having 
an electrically insulating coating 74 over at least one 
surface. ' ‘ 

It is an important feature of the present invention 
that the washer 58 provides electrical insulation for the 

’ base 46 from its support and at the same‘ time has suffi 
cient strength and hardness to insure a tight rigid con 
tact between the support 56 when stud 52 is threaded 
into the support and an annular ridge 76 formed on the 
end 78 of the base, which ridge has a substantial exten 
sion of ?at surface to make good physical contact with 
insulator 58. Insulator 58 is preferably made of alumi 
num or aluminum alloy in which at least the surface in 
contact with support 56 of FIG. 1 is provided with the 
oxide coating 74. Coatings of this type may be formed 
by what is referred to as the Sanford process which pro 
duces a coating of aluminum oxide (M203) from alumi 
num or an aluminum alloy. This coating is formed 
partly from penetration and partly from dimensional 
buildup and produces a smooth surface that is ex 
tremely hard. The coating is preferably from about 
0.001 to about 0.002 inch thick and, in addition to its 
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hardness, evidences excellent insulating properties. For 
example, coatings of 0.0015 inch thickness have with 
stood 1,200 volts breakdown with an insulation resis 
tance in excess of 500 megohms. The coating hardness 
is between 7 and 9 on the Mohs scale or between 60 
and 70 on the Rockwell C scale. Aluminum and alumi 
num alloys provided with a coating of this type are 
presently available from Duralectric Incorporated, Na 
tick, Massachusetts. 

In attaching the stud 52 to the transducer, the paper 
insulators are ?rst soaked with epoxy and placed over 
the head of the stud and along the upper portion of the 
shank. Epoxy is also preferably applied to the interior 
of the base cavity 60 and to the inside of sleeve 68. The 
sleeve is then placed over the stud and the stud inserted 
into the cavity where the epoxy is allowed to cure. 
Sleeve 68 is then heli-arc welded to the base 46 as indi 
cated at 70 and when completed, the insulation of the 
epoxy impregnated paper insulators should be a mini 
mum of IO8 ohms. Insulator 58 is then slipped over the 
threaded end of the stud and the stud is threaded into 
its support until the insulator 58 is tightly clamped be 
tween the support 56 of FIG. 1 and the annular ring 76 
on the end of base 46 to securely and positively mount 
the accelerometer to its support. 
FIG. 10 is a partial cross sectional view through a pi 

ezoelectric pressure transducer constructed in accor 
dance with this invention. This transducer of FIG. 10 
comprises a base 80 welded as at 82 to a stainless steel 
sleeve 84. Mounted on the end of sleeve 84 is a stain 
less steel pressure diaphragm 86 which exerts pressure 
on a piezoelectric module 88, similar to the module 16 
of FIG. 1. An electrical output is taken from a microdot 
coaxial connector 90 at the other end of the trans 
ducer, which connector comprises the threaded end 92 
of the body forming the outer coaxial connector and an 
inner coaxial receptacle 94 mounted within base 80 by 
Te?on insulating rings 96 and 98. Electrical connection 
is established from module 88 to the inner conductor 
94 of the coaxial connector by way of a lead 100 pass 
ing through a central insulating sleeve 102. ' 
The pressure transducer of FIG. 10 is adapted to be 

mounted to a suitable support (not shown) by a pair of 
threaded adaptors 104 and 106 which are threaded to 
gether as at 108 with ‘the former also having external 
threads 110 for the purpose of mounting the trans 
ducer. These adaptors surround a pair of aluminum or 
aluminum alloy sleeves 112 and 114 which are pro 
vided at least on their outer surfaces with an aluminum 
oxide coating which is the same as the coating 74 on in 
sulator 58 illustrated in FIG. 3. Insulating sleeve 114 is 
preferably epoxied to body 80 and insulating sleeve 
112 is epoxied to stainless steel sleeve 84 and also to 
body 80. Body 80 includes an annular ?ange 116 form 
ing a pair of shoulders against which abut aluminumin 
sulating rings 118 and 120, which rings preferably have 
all surfaces provided with an oxide coating as previ 
ously described. When adaptors 104 and 106 are tight 
ened together, the adaptors press a pair of soft copper 
sealing rings 122 and 124 against insulating rings 118 
and 120 to insure a tight seal between the adaptors and 
the insulating sleeves 112 and 114. Thus, in FIG. 10 the 
aluminum oxide coating 74 of FIG. 3 is applied to the 
outer surfaces of insulating sleeves 112 and 114 and to 
all surfaces of the insulating rings 118 and 120 to iso 
late body 80 forming the outer coaxial conductor from 
the support engaged by threads 110 of adaptor 104. 
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FIG. 11 shows a modi?ed pressure transducer con 
struction adapted to be mounted within the insulating 
sleeves 112 and 114 of FIG. 10 and secured by insulat 
ing washers or rings 118 and 120. The transducer 130 
of FIG. 11 again comprises a base 132 welded as at 134 
to a stainless steel sleeve 136. Secured to the end of the 
sleeve is a stainless steel diaphragm 138, similar to the 
diaphragm 86 of FIG. 10, and, as before, the diaphragm 
bears against a piezoelectric quartz wafer module 140, 
similar to the module 16 of FIG. 1. Also welded to base 
132 is a connector sleeve 142 which carries at its outer 
end coaxial connector 144. Received within connector 
sleeve 142 is a mounting sleeve 146 within which is 
mounted an electronic package, generally indicated at 
148. Package 148 preferably comprises an ampli?er or 
impedance converter of the type shown and described 
in assignee’s copending application Ser. No. 746,700, 
filed July 9, 1968, which includes an insulated gate 
?eld effect transistor for matching the impedance of 
quartz module 140 to the lower impedance of a con 
ventional detector, such as an oscilloscope or the like, 
or to a conventional coaxial line. 

Electrical connection to the outer element of coaxial 
connector 144 is again by way of body 132 and conduc 
tive conductor sleeve 142. The other side of the output 
from quartz module 140 is fed by way of an electrical 
lead 150 through insulating sleeve 152 and header 154 
to the center conductor of coaxial connector 144. This 
connection, as indicated at 162, is preferably through 
the gate lead 156 of a field effect transistor, indicated 
by dashed lines at 170, contained in electronic package 
148, as described in assignee’s copending application 
Ser. No. 746,700, filed July 9, 1968. Header 154 is 
preferably mounted within the transducer by epoxy as 
indicated at 160. _ 

It is apparent from the above that the present inven 
tion provides a simplified and inexpensive structure for 
isolating all types of piezoelectric transducers from so 
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6 
called ground loop currents which might otherwise be 
superimposed upon and adversely affect the transducer 
output electrical signal. An important feature of the 
present invention resides in the fact that those surfaces 
of the transducer which are adapted to be tightly 
clamped in contact with a suitable support are provided 
with an insulating oxide coating having increased 
strength and hardness over previously proposed con 
structions. This provides a rigid and tight physical con 
tact between the transducer and its support and signifi 
cantly increases the high frequency response of the 
transducer so that the quartz crystal transducers are us 
able in environments requiring elevated frequency re 
sponses up to in the neighborhood of 40 kHz. Thus, the 
oxide coated aluminum or aluminum alloy provided for 
mounting the transducer makes it possible to utilize the 
transducer at frequencies close to the natural resonant 
frequency of the quartz module and its associated 
structure. 

What is claimed and desired to be secured by United 
States Letters Patent is: 

1. A piezoelectric transducer comprising an electri 
cally conductive annular metal casing, a plurality of 
quartz crystal wafers mounted in said casing, an electri 
cal output connector on said casing, conductive means 
including said casing for electrically coupling said wa 
fers to said output connector, and a metallic insulator 
in contact with at least a portion of said casing for elec 
trically isolating said casing from a support, said insula 
tor having an aluminum oxide coating on at least one 
surface from about 0.001 to about 0.002 inch thick 
with a hardness between 60 and 70 on the Rockwell C 
scale, said insulator comprising at least one aluminum 
sleeve surrounding at least a portion of said casing and 
a pair of threaded adaptors surrounding said casing, 
said sleeve spacing at least one of said adaptors from 
said casing. 

* * * * * 


