
US 20070044708A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2007/0044708 A1 

Haynes et a]. (43) Pub. Date: Mar. 1, 2007 

(54) ULTRASONIC SENSOR ASSEMBLY AND Publication Classi?cation 

METHOD (51) Int. Cl. 
C303 15/00 (2006.01) 
C303 21/06 (2006.01) 

_ C303 28/10 (2006.01) 
(75) Inventors: Kevin M. Haynes, ‘Lombard, IL (US); C30B 15/26 (200601) 

Paul G. Janitch, Lisle, IL (US); James C30B 27/02 (200601) 
A. Bosserman, Aurora, IL (US) C30B 30/04 (2006.01) 

(52) US. Cl. ............................................. .. 117/14; 117/201 

(57) ABSTRACT 
Correspondence Address: 

An ultrasonic point level measurement instrument com 
WOOD’ PHILLIPS’ KATZ’ CLARK & prises a measurement circuit and a transducer. The trans 
MORTIMER ducer transmits and receives acoustic signals under control 
500 W- MADISON STREET of the measurement circuit. An improvement in the trans 
SUITE 3800 ducer comprises a transducer housing including a pair of 
CHICAGO, IL 60661 (Us) spaced apart legs to de?ne a gap therebetWeen. Each leg 

includes an interior cavity. A pair of crystal assemblies each 
comprise a crystal mounted to a circuit board. The circuit 
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crystal and a terminal pad. Each crystal assembly is received 
in the interior cavity of one of the legs With the circuit board 
spacing the crystal from Walls of the leg. A pair of cables are 
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ULTRASONIC SENSOR ASSEMBLY AND METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] There are no related applications. 

FIELD OF THE INVENTION 

[0002] This invention relates to an ultrasonic point level 
measurement instrument and, more particularly, to an 
improved transducer and method of assembling a transducer. 

BACKGROUND OF THE INVENTION 

[0003] Knowledge of level in industrial process tanks or 
vessels has long been required for safe and cost-effective 
operation of plants. Many technologies exist for making 
level measurements. These include buoyancy, capacitance, 
ultrasonic and microWave radar, to name a feW. Level 
measurement instruments may provide a continuous signal 
indicating level of the material in a tank or vessel, or may 
comprise point level measurement instruments that indicate 
the presence or absence of the material at a discrete level in 
the tank or vessel. 

[0004] Ultrasonic level measurement instruments are 
designed for non-contact sensing or contact sensing. Contact 
liquid level sensing for point measurement is achieved by 
using continuous-Wave or pulse-signal technology. Continu 
ous-Wave instruments have tWo piezoelectric crystals 
mounted opposite each other in a transducer body, separated 
by a gap. The transmit crystal produces an acoustical signal 
When subjected to an implied voltage from an ampli?er 
circuit. The receive crystal converts the acoustical signal that 
it receives into an electrical signal, Which becomes the input 
of the same ampli?er circuit. When liquid is present in the 
transducer gap, the ampli?er becomes an oscillator causing 
a relay circuit in the electronics to indicate a Wet gap 
condition. When liquid vacates the gap, the ampli?er returns 
to an idle state. 

[0005] In pulse-signal units, a digital electronic ampli?er 
produces a poWerful pulse of ultrasonic energy more poW 
erful than With most continuous-Wave instruments. This 
alloWs measurement in conditions that include aeration, 
suspended solids, turbulence, and highly viscous liquids. 
Pulses of high-frequency ultrasonic energy milliseconds in 
duration are produced by the transmit crystal. In betWeen 
each pulse, the receive crystal “listens” for the transmission. 
If liquid is present in the gap, the receive crystal detects the 
pulse and reports a Wet gap condition to the electronics. 
When the gap is ?lled With air, the receive crystal cannot 
detect a pulse and reports a dry gap condition. 

[0006] A transducer in one knoWn form, sometimes 
referred to as tip-sensitive style, includes a housing With a 
pair of spaced apart legs to de?ne a gap therebetWeen. 
Piezoelectric crystal assemblies that form the sensor drive 
and receive elements are hand assembled. They must have a 
plurality of spacers glued to one of the crystal surfaces to 
provide proper positioning. Wires must be attached to each 
side of the crystal for electrical connection. Electrical insu 
lating spacers are placed inside the transducer housing. After 
the tWo crystal assemblies are placed in the sensor tip, the 
sensor assembly is potted. Thereafter, coaxial cables must be 
attached to the crystal Wires, as by splicing. Thereafter, the 
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electrical connections must be potted. This manual process 
can be time consuming. Also, there can be lack of uniformity 
in construction of the crystal assemblies and thus the sensor 
assembly. 
[0007] The present invention is directed to improvements 
in ultrasonic sensor assembly. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the invention, there is provided 
an improved ultrasonic sensor assembly and method. 

[0009] There is disclosed in accordance With one aspect of 
the invention, an improvement in an ultrasonic point level 
measurement instrument comprising a measurement circuit 
and a transducer. The transducer transmits and receives 
acoustic signals under control of the measurement circuit. 
The improvement comprises a transducer housing including 
a pair of spaced apart legs to de?ne a gap therebetWeen. 
Each leg includes an interior cavity. A pair of crystal 
assemblies each comprise a crystal mounted to a circuit 
board. The circuit board includes conduction paths for 
connection betWeen the crystal and a terminal pad. Each 
crystal assembly is received in the interior cavity of one of 
the legs With the circuit board spacing the crystal from Walls 
of the leg. A pair of cables are each connected betWeen the 
measurement circuit and the terminal pad of one of the 
crystal assemblies so that the measurement circuit detects 
presence of a material in the gap. 

[0010] It is a feature of the invention that each crystal is 
generally planar having opposite ?rst and second conductive 
surfaces and the ?rst conductive surface makes electrical 
contact With conductive pads on the circuit board. Each 
crystal assembly further comprises a connector electrically 
connecting the second conductive surface to conduction 
paths on the circuit board. 

[0011] It is another feature of the invention that each 
circuit board insulates one side of the crystal from the Walls 
of the leg and an insulating spacer insulates another side of 
the crystal from the Walls of the leg. The insulating spacer 
biases the circuit board against one of the Walls of the leg. 

[0012] It is still another feature of the invention that the 
interior cavities are encapsulated With a compound, such as 
an epoxy. 

[0013] There is disclosed in accordance With another 
aspect of the invention a transducer for an ultrasonic point 
level measurement instrument comprising a measurement 
circuit. The transducer transmits and receives acoustic sig 
nals under control of the measurement circuit. The trans 
ducer comprises a metal housing including a generally 
cylindrical body With a pair of spaced apart legs extending 
from the body. The legs are generally semi-cylindrical With 
facing planar Walls to de?ne a gap therebetWeen. Each leg 
includes an interior cavity opening into the body. A pair of 
crystal assemblies each comprise a crystal mounted to a 
circuit board. The circuit board includes conduction paths 
for connection betWeen the crystal and a terminal pad. Each 
crystal assembly is received in the interior cavity of one of 
the legs With the circuit board against the planar Wall and 
spacing the crystal from the planar Wall. A pair of cables is 
each connected betWeen the measurement circuit and the 
terminal pad of one of the crystal assemblies so that the 
measurement circuit detects presence of a material in the 
gap 
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[0014] There is disclosed in accordance With a further 
aspect of the invention the method of assembling a trans 
ducer for an ultrasonic point level measurement instrument 
comprising a measurement circuit, the transducer for trans 
mitting and receiving acoustic signals under control of the 
measurement circuit, comprising: providing a metal housing 
including a generally cylindrical body With a pair of spaced 
apart legs extending from the body, the legs being generally 
semi-cylindrical With facing planar Walls to de?ne a gap 
therebetWeen, each leg including an interior cavity opening 
into the body; assembling a plurality of crystal assemblies, 
for each comprising mounting a crystal to a circuit board, the 
circuit board including conduction paths for connection 
betWeen the crystal and a terminal pad; inserting a crystal 
assembly in the interior cavity of each of the legs With the 
circuit board against the planar Wall and spacing the crystal 
from the planar Wall; and electrically connecting a cable 
betWeen the measurement circuit and the terminal pad of 
each of the crystal assemblies so that the measurement 
circuit can detect presence of a material in the gap. 

[0015] Further features and advantages of the invention 
Will be readily apparent from the speci?cation and from the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a side elevation vieW of an ultrasonic 
point level measurement instrument including an ultrasonic 
sensor assembly in accordance With the invention; 

[0017] FIG. 2 is a side elevation vieW of the ultrasonic 
sensor assembly in accordance With the invention removed 
from the instrument of FIG. 1; 

[0018] FIG. 3 is a top plan vieW of the ultrasonic sensor 
assembly of FIG. 2; 

[0019] FIG. 4 is a sectional vieW taken along the line 4-4 
of FIG. 2; 

[0020] FIG. 5 is a sectional vieW taken along the line 5-5 
of FIG. 4 speci?cally illustrating a crystal circuit assembly 
With other parts removed for clarity; and 

[0021] FIG. 6 is a schematic/block diagram of the point 
level measurement instrument of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Referring to FIG. 1, a process instrument 10 
according to the invention is illustrated. The process instru 
ment 10 uses ultrasound technology for measuring point 
level. Particularly, an acoustic signal is transmitted betWeen 
crystals to detect presence or absence of a material in a gap. 

[0023] The process instrument 10 includes a control hous 
ing 12, a transducer 14 and an extension rod 16 connecting 
the transducer 14 to the control housing 12. The extension 
rod 16 may include a threaded ?tting 18 for connection to a 
process vessel. Alternatively, a ?ange or other structure may 
be used. 

[0024] The control housing 12 houses a measurement 
circuit 20, see FIG. 6. The measurement circuit 20 is 
electrically connected, as described more particularly beloW, 
to a sensor assembly in the form of the transducer 14. In 
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accordance With the invention, a less expensive and more 
consistent process is used for producing the transducer 14. 

[0025] Referring particularly to FIGS. 2-4, the transducer, 
i.e., sensor assembly, 14 includes a metal housing 22, a pair 
of crystal assemblies 24A and 24B, and a pair of cables 26A 
and 26B electrically connecting the respective crystal 
assemblies 24A and 24B to the measurement circuit 20, see 
FIG. 6. 

[0026] The housing 22 includes a generally cylindrical 
body 28 With a pair of spaced apart legs 30A and 30B 
extending from the body 28. The legs 30A and 30B are 
generally semi-cylindrical. Particularly, the ?rst leg 30A 
comprises a semi-cylindrical Wall 32A connected to a planar 
Wall 34A. Similarly, the second leg 30B includes a semi 
cylindrical Wall 32B connected to a planar Wall 34B. A distal 
end of each leg 30A and 30B is closed by a respective 
bottom Wall 36A and 36B. Each leg includes an interior 
cavity 38A and 38B opening to an interior space 40 of the 
body 28. As is apparent, the radius of the semi-cylindrical 
Walls 32A and 32B correspond to that of the body 28 to 
provide a continuous, seamless construction, as is particu 
larly apparent in FIG. 4. Upper ends of the planar Walls 34A 
and 34B are connected by a bridge Wall 42. The planar Walls 
34A and 34B face one another to de?ne a gap G therebe 
tWeen. 

[0027] The transducer housing 22 can be formed of vari 
ous materials such as, for example, stainless steel. The 
particular material used for the housing 22 does not itself 
form part of the invention. Moreover, While the housing 22 
is illustrated as being cylindrical With generally semi-cylin 
drical legs, other constructions can be used to form a gap. 

[0028] Referring to FIG. 5, a crystal assembly 24 is 
illustrated. In accordance With the invention, the crystal 
surface 24A and 24B, discussed above, are identical in 
construction. For simplicity, they are described generically 
relative to FIG. 5 and omitting the suf?x A or B. 

[0029] The crystal assembly 24 includes a printed circuit 
board 50. The printed circuit board includes conductive 
crystal pads 52 and terminal pads 54. As is conventional, the 
printed circuit board 50 is made of an insulating material. 
The circuit board 50 has various conduction traces or paths 
on either side and some covered by insulating layers and the 
like. FIG. 5 does not speci?cally illustrate the conductive 
paths. HoWever, as Will be apparent to one skilled in the art, 
the conductive paths connect the crystal pads 52 and the 
terminal pads 54 and other devices as illustrated schemati 
cally in FIG. 6, discussed beloW. Where the paths are located 
and hoW they are traced on the printed circuit board 50 is 
generally a matter of choice. 

[0030] A crystal 56 is generally planar and include oppo 
site ?rst and second conductive surfaces 58 and 60, respec 
tively, see also FIG. 6. The ?rst conductive surface 58 
contacts the crystal pads 52 so that the second conductive 
surface 60 faces aWay from the circuit board 50, as shoWn 
in FIG. 5. A tWo pin connector 62 is electrically connected 
betWeen the second conductive surface 60 and the board 50. 
Aresistor 64 is also mounted to the circuit board 50. Surface 
?oW soldering is used to provide connections betWeen the 
devices 56, 62 and 64 and the circuit board 50, With the 
connections from the connector 62 to the crystal second 
conductive surface 60 being made by soldering or the like. 
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[0031] Particularly, With reference also to FIG. 6, the 
electrical connections made by the various conduction paths 
are illustrated. The terminal pad 54 is electrically connected 
to the coaxial cable 26 by soldering a center conductor 66 to 
one of the terminal pads 54, and using a jumper 68 to 
connect a coaxial cable shield 69 to the other terminal pad 
54. The shield 69 serves as a ground. 

[0032] The center conductor 66 is electrically connected 
from the terminal pad 54 to one pin of the connector 62 to 
the crystal second conductive surface 60. The other pin of 
the connector 62 is connected to one side of the resistor 64. 
The resistor 64 may be, for example, a 10K resistor Which 
can be used for testing or other purposes. The other side of 
the resistor 64 is electrically connected to the crystal pads 52 
Which are soldered to the crystal ?rst conductive surface 58. 
The crystal pads 52 are also electrically connected to the 
cable shield 68. 

[0033] In the illustrated embodiment of the invention, the 
crystal 56 is approximately 3/8" square and 0.040" thick. A 
conductive coating is placed on the opposite planar 
surfaces. The ?rst conductive surface 58 makes contact 
With the terminal pads 52. The second conductive surface 
60 makes contact With the connector 62. The circuit 
board 50 includes a generally square shaped opening 70 
disposed between the four crystal pads 52 and thus 
beneath the crystal 56. 

[0034] The process or method for assembling the trans 
ducer 22 is noW described. To assemble the transducer 14, 
one housing 22 and tWo crystal assemblies 24A and 24B are 
used, along With tWo cables 26A and 26B. A contact cement 
or rubber cement is spread on the second conductive surface 
60 of the crystal 56 to provide acoustic dampening. The 
circuit board 50A is then inserted into the ?rst leg interior 
cavity 38A With the back side 72A up against the planar Wall 
34A. The Width of the circuit board 50A is slightly less than 
the Width of the interior cavity 38A so that it can be placed 
therein but it properly positions the crystal spaced from the 
planar Wall 34A and semi-cylindrical Wall 32A. A silicone 
insulating tube 74A is inserted in the cavity spaced betWeen 
the semi-cylindrical Wall 32A and the crystal second con 
ductive surface 60 to bias the circuit board 50A against the 
planar Wall 34A. A similar procedure is then used to install 
the second crystal assembly 24B in the second cavity 38B. 
Next, a tWo part epoxy 76 is used to pot the interior space 
40 and interior cavities 38A and 38B. Thereafter, the cable 
26A is soldered to the terminal pads 54A as at 78 and a 
shrink tube 80 placed over this connection to insulate the 
connection. 

[0035] Referring to FIG. 6, the measurement circuit 20 is 
connected to tWo of the crystal assemblies 24. One crystal 
assembly is used for the transmit function, the other crystal 
assembly is used for the receive circuit. The particular 
function depends on electrical connections made to the 
measurement circuit 20, rather than position in the trans 
ducer housing 22. As is conventional, the transducer 14 
transmits and receives acoustic signals under control of the 
measurement circuit 20 to detect presence or absence of a 
material in the gap cap G. The particular form of the acoustic 
signal and the control implemented by the measurement 
circuit 20 do not form part of the invention. Instead, the 
invention is directed to the transducer, or sensor assembly, 
construction and the method of making the same. 
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[0036] Thus, in accordance With the invention, the printed 
circuit board is used to provide numerous advantages over 
prior sensor assemblies. Particularly, the circuit board 50 
provides electrical connection to the crystal 56. The thick 
ness of the circuit board 50 acts as a spacer betWeen the 
crystal 56 and the Walls 34A or 34B. The circuit board 50 
assures proper location of the crystal 56 so that other 
electrical insulating materials are not required. Also, the use 
of a printed circuit board enables use of automated assembly 
technology. The resultant crystal assembly 24 is more con 
sistent and reliable. Also, the circuit board 50 is designed to 
mate directly to the coaxial cable 26. Finally, the printed 
circuit board 50 provides for additional functional test 
capability. 
[0037] Thus, in accordance With the invention, there is 
disclosed an improved sensor assembly and method of 
manufacturing the sensor assembly. 

We claim: 
1. In an ultrasonic point level measurement instrument 

comprising a measurement circuit and a transducer, the 
transducer transmitting and receiving acoustic signals under 
control of the measurement circuit, the improvement com 
prising: 

a transducer housing including a pair of spaced apart legs 
to de?ne a gap therebetWeen, each leg including an 
interior cavity; 

a pair of crystal assemblies each comprising a crystal 
mounted to a circuit board, the circuit board including 
conduction paths for connection betWeen the crystal 
and a terminal pad, each crystal assembly being 
received in the interior cavity of one of the legs With the 
circuit board spacing the crystal from Walls of the leg; 
and 

a pair of cables each connected betWeen the measurement 
circuit and the terminal pad of one of the crystal 
assemblies so that the measurement circuit detects 
presence of a material in the gap. 

2. The improvement of claim 1 Wherein each crystal is 
generally planar having opposite ?rst and second conductive 
surfaces and the ?rst conductive surface makes electrical 
contact With conductive pads on the circuit board. 

3. The improvement of claim 2 Wherein each crystal 
assembly further comprises a connector electrically connect 
ing the second conductive surface to conduction paths on the 
circuit board. 

4. The improvement of claim 1 Wherein each circuit board 
insulates one side of the crystal from the Walls of the leg and 
an insulating spacer insulates another side of the crystal 
from the Walls of the leg. 

5. The improvement of claim 4 Wherein each insulating 
spacer biases the circuit board against one of the Walls of the 
leg. 

6. The improvement of claim 1 Wherein the interior 
cavities are encapsulated With a potting compound. 

7. A transducer for an ultrasonic point level measurement 
instrument comprising a measurement circuit, the transducer 
transmitting and receiving acoustic signals under control of 
the measurement circuit, the transducer comprising: 

a metal housing including a generally cylindrical body 
With a pair of spaced apart legs extending from the 
body, the legs being generally semi-cylindrical With 
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facing planar Walls to de?ne a gap therebetWeen, each 
leg including an interior cavity opening into the body; 

a pair of crystal assemblies each comprising a crystal 
mounted to a circuit board, the circuit board including 
conduction paths for connection betWeen the crystal 
and a terminal pad, each crystal assembly being 
received in the interior cavity of one of the legs With the 
circuit board against the planar Wall and spacing the 
crystal from the planar Wall; and 

a pair of cables each connected betWeen the measurement 
circuit and the terminal pad of one of the crystal 
assemblies so that the measurement circuit detects 
presence of a material in the gap. 

8. The transducer of claim 7 Wherein each crystal is 
generally planar having opposite ?rst and second conductive 
surfaces and the ?rst conductive surface makes electrical 
contact With conductive pads on the circuit board. 

9. The transducer of claim 8 Wherein each crystal assem 
bly further comprises a connector electrically connecting the 
second conductive surface to conduction paths on the circuit 
board. 

10. The transducer of claim 7 Wherein each circuit board 
insulates one side of the crystal from the planar Wall and an 
insulating spacer insulates another side of the crystal from 
other Walls of the leg. 

11. The transducer of claim 10 Wherein each insulating 
spacer biases the circuit board against the planar Wall. 

12. The transducer of claim 7 Wherein the interior cavities 
are encapsulated With a potting compound. 

13. The method of assembling a transducer for an ultra 
sonic point level measurement instrument comprising a 
measurement circuit, the transducer for transmitting and 
receiving acoustic signals under control of the measurement 
circuit, comprising: 
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providing a metal housing including a generally cylindri 
cal body With a pair of spaced apart legs extending from 
the body, the legs being generally semi-cylindrical With 
facing planar Walls to de?ne a gap therebetWeen, each 
leg including an interior cavity opening into the body; 

assembling a plurality of crystal assemblies, for each 
comprising mounting a crystal to a circuit board, the 
circuit board including conduction paths for connection 
betWeen the crystal and a terminal pad; 

inserting a crystal assembly in the interior cavity of each 
of the legs With the circuit board against the planar Wall 
and spacing the crystal from the planar Wall; and 

electrically connecting a cable betWeen the measurement 
circuit and the terminal pad of each of the crystal 
assemblies so that the measurement circuit can detect 
presence of a material in the gap. 

14. The method of claim 13 Wherein each crystal is 
generally planar having opposite ?rst and second conductive 
surfaces and the ?rst conductive surface is soldered to 
conductive pads on the circuit board. 

15. The method of claim 14 Wherein assembling a plu 
rality of crystal assemblies further comprises electrically 
connecting connectors betWeen the second conductive sur 
faces and conduction paths on the circuit boards. 

16. The method of claim 13 Wherein each circuit board 
insulates one side of the crystal from the planar Wall and 
further comprising inserting an insulating spacer betWeen 
another side of the crystal and other Walls of the leg. 

17. The method of claim 16 Wherein each insulating 
spacer biases the circuit board against the planar Wall. 

18. The method of claim 13 further comprising encapsu 
lating the interior cavities With a potting compound. 

* * * * * 


