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A METHOD FOR THE ULTRASONIC INSPECTION OF
PIPE AND TUBING AND A TRANSDUCER ASSEMBLY
FOR USE THEREWITH

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a method for the ultrasonic
inspection of pipe and tubing to determine characteristics
thereof, such as wall thickness or defects, and to a
transducer assembly for use with this method.

Description of the Prior Art

Incident to the manufacture or use of tubular products,
it is common practice to inspect the tubing for detection of
variations in the wall thickness thereof and to detect the
presence of surface and internal defects. For this purpose,
it is known to use ultrasonic inspection techniques. With
these techniques, it is customary to employ a transducer to
impart high-frequency sound energy into the tubing to be
tested. The high-frequency sound energy is transmitted
through an ultrasonic fluid to the tubing and is reflected
back from the tubing to the transducer. Monitoring of this
back reflection of the sound_energy is used to determine
characteristics such as wall thickness and the presence of
defects in the form of discontinuities in the tubing.

With inspection techniques of this type, relative
rotational movement is imparted between the tubing being
inspected and the transducer assembly used for the
inspection. To achieve precise and reliable test results, it
is necessary to maintain effective ultrasonic coupling
between the transducers and the surface of the tubing during
this relative rotational movement. This necessitates a
transducer assembly having a surface coupled to the
transducers that conforms to the contour of the surface of
the tubing being inspected. To maintain this contact, it is
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BACKGROUND OF THE I NVENTION  Field of the | nventi on The invention
relates. to a method for the ultrasoni'c i nspection of pipe and tubing to
detern1ne characteristics thereof, such as wall thickness or defects, and
to a transducer assenbly for use mnth t hi s met hod.
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desirable that the contacting surface of the transducer
assembly be of a material that will deform into conformity
with the tubing contour. For effective ultrasonic coupling,
contact of the conforming material must be maintained while
effecting relative rotational movement of the tubing surface
and the conforming material of the transducer assembly. This
results in rapid wear and destruction of this conforming
surface of the transducer assembly and thus necessitates
frequency removal and replacement. If the surface is
attempted to be maintained in light contact to avoid wear and
abrasion thereof, this results in ineffective ultrasonic
coupling of the transducers and thus imprecise and unreliable
test results.

SUMMARY OF THE INVENTION

It is accordingly a primary object of the present
invention to provide an ultrasonic testing method for pipe
and tubing and a transducer for use therewith wherein
effective ultrasonic coupling may be maintained during
relative rotational movement of a transducer assembly and
tubing during ultrasonic testing, while avoiding wear and
abrasion of the conforming surface portion of the transducer
assembly. |

A more specific object of the invention is to provide a
method and assembly of this type wherein effective ultrasonic
coupling may be provided between an ultrasonic transducer and
tubing surface during relative rotational movement incident
to inspection, while maintaining the conforming surface of
the transducer assembly out of contact with the tublng
surface. _

The transducer assembly in accordance with the invention
has an elongated housing with a plurality of ultrasonic
transducers mounted on an upper surface of the housing and
along a major axis thereof. A guide which may constitute a
set of two wheels is mounted on each of two opposite ends of
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Description of the Prior Art I ncident to the manufacture or use of
tubul ar, products, it is common practice to inspect the tubing for detection
of vdriatjions in the wall thickness thereof and to detect the presence of
surface, and i nternal defects. For this,purpose, it is known to use

ul trasoni c i nspection techniques. Wth these techniques, it is customary to
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ul t r asonimodnrted betwhent thenguadési andefore dihed Heasidnig.omArheetastig to t he
t“anSdUCQ£emﬁ§E$éOéfnGaEErLﬁhﬁervious, elastic material is provided in
water—-sealed connection at edge portions thereof to a.lower
surface of the housing. The edge portions of this membrane
terminate on the lower surface of the housing at a location
short of each guide. The elastic membrane forms a reservoir
of ultrasonic fluid within the membrane, with this fluid
being coupled to the plurality of transducers. Valves are
provided for the selective and-controlled introduction and
removal of this ultrasonic f£luid to and from the reservoir.

The.ultrasonic fluid is preferably water.

The elongated transducer has an elongated, open interior
portion on the upper surface thereof and the plurality of
ultrasonic transducers are mounted within this open interior
‘portion.

The reservoir provided by the membrane is in
communication with this open interior portion of the
elongated transducer housing.

' The elastic membrane has an elongated flat bottom
surface terminating at tapered opposed end portions adjacent
each wheel.

In accordance with the method in the invention, the
transducer assembly is employed by filling the reservoir with
ultrasonic fluid and then compressing the fluid-filled
membrane against an exterior surface of the tﬁbing to be
inspected. A quantity of the ultrasonic fluid is removed
from the reservoir in an amount sufficient to permit the
elastic membrane to conform to the contour of the exterior
transverse surface of the tubing. Then inspection of the
tubing is performed by introducing flowing ultrasonic liquid,
preferably water, between the elastic membrane and adjacent
surfaces of the tubing, while producing relative rotational
movement between the transducer assembly and the tubing.

During this operation, the elastic membrane and the plurality
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back ref.l ection of the sound energy is used to determ ne characteristics
such as wall thickness and the presence of defects in the form of

di scontinuitdes in the tubing. Wth inspection techniques of this -
type, refative rotational movenent iséinparted bet ween the tubi ng being
inspecfed and the transducer assenbly used for the inspection. To achieve

G £ 1 asoni STo ST ERs P ise R Firen AnR R S vaedoPorkRe! ubi ng
during thiubing oy he dilaxwmmlqumMG Tireidend sthatebtuasonaasducer
assermbl y BaviiR0 A 3 A QYR Wifile maintaining the elastic
- membrane out-of-contact with the tubing. .
Preferably the water is introduced by spraying the water
onto the tubing during the relative rotational movement
between the transducer assembly and the tubing. This
relative rotational movement is preferably produced by
rotating the transducer assembly while moving the tubing
linearly. It is also possible to maintain the transducer
assembly stationary while simultaneously rotating and moving
the tubing linearly.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of one embodiment of a
transducer assembly in accordance with the invention taken
along lines A-A of Figure 2; '

Figure 2 is a plan view of the transducer assembly;

Figure 3 is a detailed view in section of the
transducer;

Figure 4 is a perspective showing in side elevation of
the ultrasonic inspection apparatus of the invention
employing a transducer assembly in accordance with the
embodiment of Figures 1, 2 and 3; and

Figure 5 is a perspective showing in front elevation of
the apparatus of Figure 4. .

DESCRIPTION OF THE PREFERRED EMBODTMENT

With reference to the drawings and for the present to
Figures 1 and 2 thereof, there is shown a transducer assembly
designated generally as 10 in accordance with one embodiment
of the invention. The transducer assembly 10 has an
elongated transducer housing 12. A plurality of transducers
14, four of which are shown in the embodiment of Figures 1
and 2, are mounted within an open area 16 of the transducer
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transducérs that conforms to the contour of the surface of the tubing
bei ng inspected. To maintain this contact, it is

| 5
housing. The transducers 14 are secured within the space 16
by bolts 18. Each transducer 14 has a té¥minal 20 for
connection to a power source (not shown). A set of wheels 22
is journalled for rotation on each end of the transducer
housing. An elastic membrane 24 of water-impervious, elastic
material, such as polyurethane, is connected in water sealing
engagement at edges 26 thereof to the transducer housing.
The membrane 24 has a flat area 27 and tapered end portions
28. A reservoir 30 is provided by this membrane 24 between
the membrane and the transducers mounted in the space 16 of
the transducer housing. "~ Valves 32 are provided at each end
of the reservoir to provide for the introduction and removal

of water used as the ultrasonic coupling fluid with respect
to the reservoir 30.

In accordance with the method of the invention, the
reservoir 30 is filled with water through valves 32. Then
the transducer assembly is placed adjacent the tubing to be
inspected with the membrane 24 being compressed against the
surface of the tubing. This causes distortion of.the
membrane to conform to the contour of the tubing, as shown by
the dashed lines constituting the surface 27 of the membrane
shown in Figure 3. Then the water is removed through valves
32 until the membrane conforms to the surface of the tubing.

Figures 4 and 5 show a tubing 34 to be inspected by the
transducer assembly 10, with the surface 27 of the membrane
24 conforming to the contour of the tubing surface. During
inspection, as shown in Figure 4, the tubing is maintained
out of contact with the surface 27 of the membrane during
rotation thereof in the direction of the arrow. This is
achieved by water-spray nozzle 36 spraying water onto the
rotating surface of the tubing to provide water between the
surface 27 of the membrane 24 and the surface of the tubing
34. The membrane 24 is maintained out of contact by this
flow of water 38 with the water maintaining.the necessary
ultrasonic coupling with the transducers of the assembly.
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2 desirable that the contacting surface of the transducer assenbly be of a
material that wll deforminto conformty with the tubing contour. For
effecti.ve ultrasonic coupling, contact of the conform ng material nust be
mai ntaijned while effecting relative rotational novenment of the tubing
surface and the conform ng material of the transducer assenbly. This

results in rapmg Qﬁ@% gﬁgﬁgﬁ§tgéggéégh6g ﬁ¥#§a§gﬂigrg5ﬁg #&faggho the

t fansducer ass and t us, ;necessi tates equency
replacene%FanF upﬁ Ss&§f§ggq%ge to achieve prec1se and reliable

inspection, while protecting the surface 27 of the membrane
24 from contact and thus wear and abrasion caused by the
tubing surface during inspection. The two sets of wheels 22
serve to guide the transducer assembly over the surface of'
the tubing to maintain accurate spacing relative to the
tubing surface.
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and unreliable test results.

ts in ineffective ultrasonic coupling of the transducers

SUMVARY

It is accordingly a primary object of the present

I nvention to provide an ultrasonic testing nmethod for pipe and tubing and a
transducer for use therewith wherein effective ultrasonic coupling may be
mai nt ai ned durin
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CLAIMS

1. A transducer assembly for the ultrasonic inspection of tubing
comprising:

an elongated transducer housing;

a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing;

guide means mounted on each of two opposed ends of said housing
for guiding the transducer assembly relative to the tubing during
inspection, with said plurality of ultrasonic transducers being mounted
therebetween, an elongated elastic membrane of water-impervious, elastic
material in water-sealed connection at edged portions thereof to a lower
surface of said housing, with said edge portions of said membrane
terminating on said lower surface of said housing at a location short of
each said guide means and opposed width portions of said membrane
extending beyond said housing, said elastic membrane forming a reservoir
of ultrasonic fluid within said membrane with said fluid being coupled to
said plurality of transducers, means for selective, controlled introduction
and removal of said ultrasonic fluid with respect to said reservoir to
permit distortion and cause conforming of said elastic membrane to an
arcuate contour of an exterior transverse surface of said tubing and means
for introducing flowing additional ultrasonic fluid between said elastic
membrane and tubing to maintain said elastic membrane out;of-contact

with said tubing during said ultrasonic inspection thereof.

2. The transducer assembly of claim 1, wherein said ultrasonic fluid

is water.
3. The transducer assembly of claim 1, wherein said elongated

transducer housing has an elongated, open interior portion on said upper

A



r6|aH£¥§m£H%§hhﬁ ladd@venent of a transducer assenbly and tubing during

ul tras | whi | e avoi di ng wear and abrasi on of the conform ng
surf,acamr‘mﬁmuf Ihe transducer assenbly. A nore specific object of
the in i provide a nethod and assenbly of this type wherein
effective ultrasonic coupling may be provi ded between an ultrasonic
transducer and tubing surface during r8lative rotational novement incident

to inspection, while maintaining the conform ng surface of the transducer
assenbl y out suffacerthereof wnd saidhpluralityngf udtwagomee transducers are mounted

within said open interior portion.

4, The transducer assembly of claim 3, wherein said reservoir is in
5 communication with said open interior portion of said elongated transducer

housing.

5. The transducer assembly of claim 1, wherein said elastic membrane
has an elongated flat bottom surface terminating at opposed tapered end

10  portions adjacent each said guide means.

6. The transducer assembly of claim 1, wherein each said guide means

includes a pair of wheels mounted to engage said tubing during inspection.

15 7. - A method for the ultrasonic inspection of tubing comprising,
providing a transducer aésembly including an elongated transducer housing
having a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing, providing guides mounted on each
of two opposed ends of said housing, with said plurality of ultrasonic

20 transducers being mounted therebetween, providing an elongated elastic
membrane of water-impervious, elastic material in water-tight sealed
connection at edge portions thereof to a lower surface of said housing with
said edge portion of said membrane terminating on said lower surface of
said housing at a location short of each said guide and with opposed width

25 portions of said membrane extending beyond said housing, with said
elastic membrane forming a reservoir of ultrasonic fluid within said
membrane with said fluid being coupled to said plurality of transducers,
providing means for selective and controlled introduction and removal of
said ultrasonic fluid with respect to said reservoir, compressing said elastic

30 membrane against an exterior surface of said tubing to be inspected,

.




The- t‘r‘ern‘sﬁuver—assm—y—l n.accordance with the invention

housj ity of ultrasonic transducers noun
surf Wlmﬂ" ‘L g and along a major axis thereof.

COﬂS
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has an el ongat ed
ted on an upper
A gui de whi ch may

two wheels is mounted on each of two opposite ends of

removing a quantity of said ultrasonic fluid from said reservoir sufficient

to permit said elastic membrane to distort and conform

to an arcuate

contour of an exterior transverse surface of said tubing, introducing

flowing additional ultrasonic liquid between said elastic membrane and

5 adjacent surface of said tubing, while producing relative rotational

movement between said transducer assembly and said tubing to maintain

said elastic membrane distorted and conforming to said arcuate contour of

said exterior surface of said tubing and said plurality

of ultrasonic

transducers ultrasonically coupled to said tubing by said flowing ultrasonic

10  liquid and said ultrasonic fluid within said reservoir, with said flowing

ultrasonic liquid maintaining said elastic membrane out-of-contact with

said tubing.

8. The method of claim 7, wherein said flowing ultrasonic liquid is
15 water.
9. The method of claim 8, wherein said water is introduced by

spraying said water onto said tubing during said relative rotational

movement between said transducer assembly and said tubing.

20

10.  The method of claim 8, wherein said relative rotational movement

is produced by rotating said transducer assembly.

.



3 the housing. A plurality of ultrasonic transducers are nounted between
the gui des and on the housing. An elastic:menbrane of water-inpervious,
elastic material is provided in water-seal ed connection at edge portions
thereof .to a | ower surface of the housitig. The edge portions of this
rrenbrame termnate on the |l ower surface of the housing at a | ocation

A§§EBAQE_QE_EEE_DI§QLQ§HB§
inspection of tubing. An elastic membrane is used to form a
reservoir of ultrasonic fluid coupled to ultrasonic
transducers with the membrane conforming to the surface of
the tubing being inspected. Guide wheels maintain the
membrane out—of-contact with the tubing during relative
rotational movement of the assembly and tubing during
inspection. Water is introduced between the membrane and the
tubing to provide ultrasonic coupling of the tubing to the
transducers through the fluid of the reservoir.
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short of. each guide. The elastic nmenbrane forns a reservoir of ultrasonic
fluid within the nenbrane, viith thi.s ftui-d:being coupled to the plurality
of transducers Val ves are provided for the selective and controlled
|ntrodupt|on and renoval of this ultrasonic fluid to and fromthe
reservoir. The ultrasonic fluid hF preferably water. The

el ongated transducer has an eIongated, open interior portion on the upper
surface thereof and the plurality of ultrasonic transducers are nounted
within this open interior portion. The reservoir provided by the

nmenbrane is in
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communi cation with this open interior portion of the elongated transducer

housi ng. The el astic nmenbrane has an elongated flat bottom surface
termnating at tapered opposed end portions adjacent each wheel. In
accordance with the nmethod in the invention, the transducer assenbly is

enpl oyed by filling the reservoir wt 4 uItrasonlc fluid and then
conpressing the fluid-filled nenbra agai nst an exterior surface of the
tubing to be inspected. A quanti ’15F the ultrasonic fluid is renoved

fromthe reservoir in an anoyni suffitient to pernit the
co“
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el astic nmenbrane to conformto the contour of the exterior transverse
surface of the tubing. Then inspection of the tubing is perfornmed by
introdycing flowing ultrasonic liquid, preferably water, between the
el asti c nmenbrane and adjacent surfaces of the tubing, while producing
relative rotational novenent between e transducer assenbly and the
tubing. During this operation, the eldstic nenbrane and the plurality

FIG 3
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4 .of ultrasonic transducer are ultrasoni cally coupled to the tubing by the
flowng ultrasonic liquid and the ultrasonic fluid within the reservoir,
whi e "nai ntai ning the elastic nmenbrane out-of-contact with the tubing.
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St oted

Preferabjy the uced by spraying the water onto the tmﬁl
during the tlonal novenment between the transducer assenbly and
t he tubi. ng”'ﬁ"”ﬂ" ﬁ!&@! otational novenent is preferably produced by
rotating the teans rrbly while noving the tubing linearly. It-is

al so possible to maintain the transducér assenbly stationary while

simul tanequsly rotating and noving the tubing linearly.
BRI EF DE%MI *DRAWNGS

1. A transducer assembly for the ultrasonic inspection
of tubing comprising, an elongated transducer housing, a
plurality of ultrasonic transducers mounted on an uppef
surface ‘and along a major aiis of said housing, guide means
mounted on each of two opposed ends of said housing, with
said plurality of ultrasonic transducers being mounted
therebetween, an elastic membrane of water-impervious,
elastic material in water-sealed connection at edge portions
théreof to a lower surface of said housing, with said edge
positions of said membrane terminating on said lower surface
of said'housing at a location short of each said guide means,
said elastic membrane forming a reservoir of ultrasonic fluigd
within said membrane with said fluid being coupled to said
pluraliﬁy of transducers and means for selective and
controlled introduction and removal of said ultrasonic fluid
with respect to said reservoir.

2. The transducer assembly of claim 1, wherein said
ultrasonic fluid is water.

3. The transducer assembly of claim 1) wherein said
elongated transducer housin§ has an elongated, open interior
portion on said upper surface thereof and sai§ plurality of

ultrasonic transducers are mounted within said open interior
portion.

4. The transducer assembly of claim 3, wherein said
reservoir is in communication with said open interior portlon
of said elongated transducer housing.
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gure Bl s a sectional view of one enbodi nent of a transducer assenbly in

accorda Hmw"umm,mﬂnt ton taken along lines A-A of Figure 2;
Fi gure of the transducer assenbly; Figure 3 is a
detail ed view'in"seftidn of the transgucer; Figure 4 is a

perspective showing in side elevation of the ultrasonic inspection

apparatus of the invention | oyi_ng a,transducer. asse -accor.dance
with the enboﬁrneanSftFFﬁﬁsng fyafggﬁghg' ég&ﬁ- %.'Hﬂﬁ%é{@ ggéd
per spect | #kashibei mgmbrraheohiasepy gliongagied £lat bottom Surface '

terminating at opposed tapered end portions adjacent each
said wheel.

6. The transducer assembly of claim 1, wherein each
. said guide means includes a pair of wheels mounted to engage
said tubing during inspection.

7. A method for the ultrasonic inspection of tubing
éomprising, providing a transducer assembly including an
elongated transducer housing having a plurality of ultrasonic
transducers mounted on an upper surface and along a major
axis of said housing, providing guides mounted on each of two
opposed ends of said housing, with said plurality of '
ultrasonic transducers being mounted therebetween, providing
an elastic membrane of water-impervious, elastic material in
water—ﬁight sealed connection at edge portions thereof to a
lower surface of said housing, with edge portions of said
membrane terminating on said lower surface of said housing at
a location short of each said guides, with said elastic
membrane forming a reservoir of ultrasonic fluid within said
membrane with said fluid being éoupled to said plurality of
transducers, providing means for selective and controlled
introduction and removal of said ultrasonic fluid with
respect to said reservoir, filling said reservoir with said
ultrasonic fluid, compressing said elastic membrane against
an exterior surface of said tubing to be inspected, removing
a quantity of said ultrasonic fluid from said reservoir
sufficient to permit said elastic membrane to conform to a
contour of said exterior transverse surface of said tubing,
introducing flowing ultrasonic liquid between said elastic
membrane and an adjacent surface of said tubing, while
producing relative rotational movement between said

transducer assembly and said tubing and maintaining said

\
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EKBC reference to the drawi ngs and for the present to

Fi gures eof there is shown a transducer assenbly designated
generally as 10 % n*accordance wi th one enbodi nent of the invention. The

transducer assenbly 10 has an elongated transducer housing 12. A plurality

of transdiasiic hitmdiiile Oindvf&&{a fquPi‘€¥' 8s! hgreaBedieerhisdidurgs 1
and 2, are nounte I'n an en area_16 thg tranadg
ultrasonlcally couple to said tublng y sai owing
ultrasonic liquid and ultrasonic fluid within said reservoir,
while maintaining said elastic membrane out-of-contact with

said tubing.

1 he Mf Fi g DESCRI PTI ON OF THE PRMFERRED
¢
| .

8. The method of claim 7, wherein said flowing
ultrasonic liquid is water..

9. The method of claim .8, wherein said water is
introduced by spraying said water onto said tubing during
‘said relative rotational movement between said transducer
assembly and said tubing.

10. The method of claim 8, wherein said relative
rotational movement is produced by rotating said transducer
assembly. -
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A METHOD FOR THE ULTRASONIC INSPECTION OF
PIPE AND TUBING AND A TRANSDUCER ASSEMBLY.
FOR USE THEREWITH

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a method for the ultrasonic
inspection of pipe and tubing to determine characteristics
thereof, such as wall thickness or defects, and to a
transducer assembly for use with this method.

gescrlgtlon of the Pr;o; Art .

Incident to the manufacture or use of tubular products,
it is common practice to inspect the tubing for detection of"
variations in the wall thickness thereof and to detect the
presence of surface and internal defects. For this pﬁrpose,
it is known to use ultrasonic inspection‘teéhniques. With
these techniques, it is customary to employ a transducer to
impart.highﬁfrequéncy sound energy into the tubing to be
tested. The high-frequency sound energy is transmitted
through an ultrasonic fluid to the tubing and is reflected
back from the tubing to the transducer.
back reflection of the sound energy is

characteristics such as wall thickness

Monitoring of this
used to determine
and the presence of
in the tubing.

With inspection techniques of this type, relative
rotational movement is imparted between the tubing being

inspected and the transducer assembly used for the
inspection.

defects in the form of discontinuities

To achieve precise and reliable test results, it
is necessary to maintain effective ultrasonic coupling

between the transducers and the surface of the tubing during

this relative rotational movement. This necessitates a

transducer assembly having a surface coupled to the

transducers that conforms to the contour of the surface of

the tubing being inspected. To maintain this contact, it is

{71 Drawing(s) : paged
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housi ng. The transducers 14 are secured within the space 16 by bolts 18.
*Each transducer 14 has a terminal 20 for connection to a power source (not
shown). A set of wheels 22 is journalled for rotation on each end of the
transducer housing. An elastic nenbrane 24 of water-inpervious, elastic
material, such as polyurethane, is conngcted in water sealing engagenent at
edges 26 thereof to the transducer housing. The nmenmbrane 24 has a flat area
27 and t apefesiengleockhabthe scontacting Buri3tce LHrehe dothangduders nenbr ane

24 between hBgeRBIPIBECofNS hdkterk 1200 SEHERE véi 1D WY RSkl Nt Sl the

transducer Q%ﬁi £fe 1\_@“./1?5 égnéc;&rp roﬁlé'rdeéifééct?f&gl ue.l%jrasonic coupling,
contact of the conforming material must be maintained while
effecting relative rotational movement of the tubing surface
and the conforming material of the transducer assembly.
results in rapid wear and destruction of this conforming

surface of the transducer assembly and thus necessitates -
frequency removal and replacement.

This

If the surface is
attempted to be maintained in light contact to avoid wear and
abrasion thereof, this results in ineffective ultrasonic

coupling of the transducers and thus imprecise and unreliable
test results.

SUMMARY OF THE YNVENTION

It is accordingly a primary object of the present
‘invention to provide an-ultrasonic testing method for pipe
and tubing and a transducer for use therewith wherein
effective ultrasonic coupling may be maintained during
relative rotational movement of a transducer assembly and
tubing during ultrasonic testing, while avoiding wear and
abrasion of the conforming surface portion of the transducer
assembly.

A more specific object of the invention is to provide a
method and assembly of this type wherein effective ultrasonic
coupling may be provided between an ultrasonic transducer and
tubing surface during relative rotational movement incident
to inspection, while maintaining the conforming surface of
the transducer assembly out of contact with the tubing
surface. .

The_ transducer assembly in accordance with the invention
has an elongated housing with a plurality of ultrasonic
transducers mounted on an upper surface of the housing and

along a major axis thereof. A guide which may constitute a

set of two wheels is mounted on each of two opposite ends of

This is the replacement sheet
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of the reservoir to provide for the introduction and renoval of water used
*as the ultrasonic coupling fluid with respect to the reservoir 30. I n
accordance with the nethod of the invention, the reservoir 30 is filled
with water through valves 32. Then the transducer assenbly is placed.

adj acent the tubing to be inspected with the nenbrane 24 being conpressed
agai nst the surface of the tubing. This causes distortion of the nenbrane
t o confornthe hdmsingt OUR plutrakitybofigultsasémiv tyanduckashad-d i nes

constit uti Qeuhfea SHEEREEN 2¢n8f ghiGeStARE 28R EHOohSikd IU S 1AL t he
water is renpved thrqugh val yes . . . . .
menbrane o ater-impervious, elastic material is provided in

.water-sealed connection at edge portions thereof to a.lower

surface of the housing. The edge portions of this membrane

terminate on the lower surface of the housing at a location

short of each guide. The elastic membrane forms a reservoir

of ultrasonic fluid within the membrane, with this fluid

being coupled to the plurality of transducers. Valves are
provided for the selective and controlled introduction and
removal of this ultrasonic fluid to and from the reservoir.

The ultrasonic fluid is preferably water.

The elongated transducer has an elongated, open interior
portion on the upper surface thereof and the blurality of
ultrasonic transducers are mounted within this open interior
portion. '

The reservoir provided by the membrane is in
communication with this open interior portion of the
elongated transducer housing. _

The elastic membrane has an elongated flat bottom
surface terminating at tapered opposed end pottions adjacent
each wheel. '

In accordance with the method in the inVention, the
transducer assembly is employed by £illing the reservoir with
ultrasonic fluid and then compressing the fluid-filled
membrane against an exterior surface of the tﬁbing to be
inspected. A quantity of the ultrasonic fluid is removed
from the reservoir in an amount sufficient to permit the

elastic membrane to conform to the contour of the exterior

transverse surface of the tubing. Then inspection of the

tubing is performed by introducing flowing ultrasonic liquid,
preferably wvater, between the elastic membrane and adjacent
surfaces of the tubing, while producing relative rotational
movement between the transducer assembly and the tubing.
During this operation, the elastic membrane and the plurality
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Sé until the menbrane conforns to the surface of the tubing.
4 and 5 show a tubing 34 to be inspected by the
with the surface 27 of the nenbrane

tubi ng surface. During inspection, as shown in Figure 4,

mai nt ai ned

rotation thereof in the direction of the arrow This is

transducer assenbly 10,
24 conformng to the contour of the

the tubing is
out of .contact with the surface 27 of the nmenbrane during

achi eved by

mater-sprayoﬁozihéasenipr&yﬁngdvesératﬁnQﬂ%*ﬁﬁ°niﬁ%ﬁlﬂquﬂm&FQc§°othehe.
tubing to pravidg B hebelvRengt GEtrasoni€ el fquitd dre tRMMNarasdhiand the

surface of
this

tf'].%itduQlli%ﬁinB%heTpgsgPUgiépewéﬁé Smm&fﬂﬂ%j t%lét e fats(‘tc:{ro:]:t act by
membrane out-of-contact with the tubing. '

' Preferably the water is introduced by spraying the water
onto the tubing during the relative rotational movement
between the transducer assembly and the tubing. This
relative rotational movement is preferably produced by

- rotating the transducer assembly while moving the tubing

linearly. It is also possible to maintain the transducer

assembly stationary while simultaneously rotating and moving
the tubing linearly. ' -

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a sectional view of one embodiment of a
transducer assembly in accordance with the invention taken
along lines A—-A of Figure 2; -
Figure 2 is a plan view of the transducer assembly:;

Figure 3 is a detailed view in section of the
transducer; '

Figure 4 is a perspective showihg in side elevation of
the ultrasonic inspection apparatus of the invention
employing a transducer assembly in accordance with the

‘embodiment of Figures 1, 2 and 3; and

Figure § is a perspective showing in front elevation of

- the apparatus of Figure 4.

DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the drawings and for the present to
Figures 1 _and 2 thereof, there is shown a transducer assembly
designated generally as 10 in accordance with one embodiment
of the invention. The transducer assembly 10 has an

elongated transducer housing 12. A plurality of transducers

14, four of which are shown in the embodiment of Figures. 1

and 2, are mounted within an open area 16 of the transducer
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flow of water 38 with the water naintainjng the necessary ultrasonic
« coupling wth the transducers of the assenbly.

5

housing. The transducers 14 are secured within the space 16

by bolts 18. Each transducer 14 has a terminal 20 for

connection to a power source (not shown). A set of wheels 22
is journalled for rotation on each end of the transducer
housing. An elastic membrane 24 of water-impervious, elastic
material, such as polyurethane, is connected in water sealing
engagement at edges 26 thereof to the transducer housing.

The membrane 24 has a flat area 27 and tapered end portions
28. A reservoir 30 is pro#ided by this membrane 24 between
the membrane and the transducers mounted in the space 16 of
the transducer housing. ' Valves 32 afe'provided at each end
of the reservoir to provide for the introduction and removal
of water used as the ultrasonic coupling fluid with respect
to the reservoir 30. _

| In accordance with the method of the invention, the
reservoir 30 is filled with water through valves 32. Then
the transducer assembly is placed adjacent the tubing to be

inspected with the membrane 24 being compressed against the

surface of the tubing. This causes distortion of the

- membrane to conform to the contour of the tubing, as shown by

the dashed lines constituting the surface 27 of the membrane

shown in Figure 3. Then the water is removed through wvalves

32 until the membrane conforms to the surface of the tubing.
Figures 4 and 5 show a tubing 34 to be inspected by the
transducer assenmbly 10, ﬁith the surface 27 of the membrane
24 conforming to the contour of the tubing surface.
inspection, as shown in
out of contact with the
rotation thereof in the
achieved by water-spray
‘rotating surface of the

During
Figure 4, the tubing is maintained

surface 27 of the membrane during
direction of the arrow. This is
nozzle 36 spraying water onto the

tubing to provide water between the
surface 27 of the membrane 24 and the surface of the tubing
34. The membrane 24 is maintained out of contact by this
flow of water 38 with the water maintaining the necesséry

ultrasonic coupling with the transducers of the assembly.
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6 In this manner, effective ultrasonic coupling with the transducers
» is provided to achieve precise and reliable inspection, while protecting
t he surface 27 of the nenbrane 24 from contact and thus wear and abrasion
caused by the tubing surface during inspection. The two sets of wheels 22
serve to guide the transducer assenbly o%er the surface of the tubing to

mai ntai n accurate spacing relative_ to the tupi ng surface...
In ths ganner,_effect{ve ui@%aé%nih coupling with the

transducers is provided to achieve precise and reliable
inspection, while protecting the surface 27 of the membrane
24 from contact and thus wear and abrasion caused by the
tubing surface during inspection. The two sets of wheels 22
serve to guide the transducer assembly over the surface of
the tubing to maintain accurate spacing relative to the
tubing surface. '
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CLAIMS

1. A transducer zissembly for the ultrasonic inspection of tubing
comprising: |

an elongated transducer housing;

a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing;

guide means mounted on each of two opposed ends of said housing
for guiding the transducer assqm_bly _relative to the tubing during
inspection, with said plurality <;f ultrasonic transducers being mounted
therebetween, ah elongated elastic membrane of water-impervious, elastic
material in water-sealed connection at edged portions thereof to a lower
surface of said housing, with said edge portions of said membrane
terminating on said lower surface of said housing at a location short of
each said guide means and opposed width portions of said membrane
extending beyond said housing, said elastic membrane forming a reservoir
of ultrasonic fluid within said membrane with said fluid being coﬁpled to
said plurality of transducers, means for selective, controlled introduction
and removal of said ultrasonic fluid with respect to said reservoir to
permit distortion and cause conforming of said elastic membrane to an
arcuate contour of an exterior transverse surface of said tubing and means
for introducing flowing additional ulti‘asonjc fluid between said elastic
membrane and tubing to maintain said elastic membrane out-of-contact

with said tubing during said ultrasonic inspection thereof.

2.

The transducer assembly of claim 1, wherein said ultrasonic fluid
is water.
3. The transducer assembly of claim 1, wherein said elongated

transducer housing has an elongated, open interior portion on said upper
—_
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..\; 1. A—t—F&H%d—H-%E—F—&S—S—E—Hdb-l—y for the ultrasonic inspection of tubing

an el ongated transducer housi ng; a

pl urailmuﬂﬂl"lwr"m ’“ transducers nounted on an upper surface and
al ong ald housi ng; gui de nmeans nounted on each
of two opposed ends of sai d housi ng . for guiding the transducer
assenbly relative to the tubing during 80 inspection, with said plurality
of ultrasonic transducers bei ng nounted t her ebet ween, an el ongat ed
el asti ¢ nmenbr asurfact theteof -andpaid/ phuralityedbfaslirasonic transdacers iant mounted
wat er - seal ed conﬂ.ectlgn -at ,edged portions thereof to a | ower surface
of said housi nyIthif $aid opeq intg SrBBF‘EQ’bns of said menbrane

4. The transducer assembly of claim 3, wherein said reservoir is in

communication with said open interior portion of said elongated transducer

housing.

5.  The transducer assembly of claim 1, wherein said elastic membrane

has an elongated flat bottom surface terminating at opposed tapered end
s portions adjacent each said guide means.

6. The transducer assembly of claim 1, wherein each said guide means

includes a pair of wheels mounted to engage said tubing during inspection.

1. A .method for the ultrasonic inspection of tubing comprising,
providing a transducer assembly.including an eiongated transducer housing
having a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing, providing guides mounted on each
of two opposéd ends of said housing, with said plurality of ultrasonic
transducers being mounted therebetWeen,_providing an elongated elastic
membrane of water-impervious, elastié material in water-tight sealed
connection at edge portions thereof to a lower surface of said housing with
| said edge portion of said membrane terminating on said lower surface of
said housing at a location short of each said guide and with opposed width
portions of said membrane extending beyond said housing, with said
elastic membrane forming a reservoir of ultrasonic fluid within said
membrane with said fluid being coupled to said plurality of transducers,
providing means for selective and controlled introduction and removal of
said ultrasonic fluid with respect to said reservoir, compressing said elastic

membrane against an exterior. surface of said tubing to be inspected,

l"hls Sheet Has Been R
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erm-ﬁat—r—ﬁg*mﬂ—sard—l—ovm surface of said housing at a |ocation short of

¢ ans and opposed wi dth portions of said nenbrane

exte Eiﬂ ﬂﬂil@ i 1|ﬂrho_us,i ng, said elastic nmenbrane formng a reservoir

of uI thin said nenbrane with said fluid being coupled to
said plurality of transducers, neans for selective, controlled introduction
and renoval of said uItrasonlc fluid wi?h respect to said reservoir to 20
permt distortion and cause conform ng of said elastic nmenbrane to an

arcuat e cont ogmainga quantty of said altraseninefluidr framesaid resgirvpir suffigientnd neans
rmaribr ane._ang. CLBP B G AEShrife, 3RS Akb bORBTBLES dn B ©
with saidt Ubé&ﬁo&tu o Ngh Latetidt iraASRPS shfRBE T SMid 1 Q8IMOT introducing

flowing additional ultrasonic liquid between said elastic membrane and

adjacent surface of said tubing, while producing relative rotational

movement between said transducer assembly and said tubing to maintain

. said elastic membrane distorted and conforming to said arcuate contour of

said exterior surface of said tubmg and said plurahty of ultrasonic

transducers ultrasonically coupled to said tubing by said flowing ultrasonic

liquid and said ultrasonic fluid within said reservoir, with said flowing

ultrasonic liquid maintaining said elastic membrane out-of-contact with
said tubing.

8. The method of claim 7, wherein said flowing ultrasonic liquid is
water.
9. The method of claim 8, wherein said water is introduced by

spraying said water onto said tubing during said relative rotational

movement between said transducer assembly and said tubing.

10. The method of claim 8, wherein said relative rotational movement

is produced by rotating said transducer assembly.
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.25 2. The transducer assenbly of claim1, wherein said ultrasonic
“fluid I.s water. - 3. The transducer assenbly of claim 1
wherein said elongated 30 transducer housing has. an el ongated, open
interior portion on said upper

10

. A METHOD FOR THE ULTRASONIC INSPECTION OF
PIPE AND TUBING AND A TRANSDUCER ASSEMBLY
FOR USE THEREWITH

ABSTRACT

A transducer assembly and method for the ultrasonic

inspection of tubing. An elastic membrane is used to form a
' reséervoir of ultrasonic fluid coupled to ultrasonic

transducers with the membrane conforming to the surface of
the tubing being inspected. Guide wheels maintain the
membrane out-of-contact with the tubing during relative
rotational movement of the assembly and tubing during
inspection. Water is introduced between the membrane and the
tubing to provide ultrasonic coupling of the tubing to the
transducers through the ‘fluid of .the reservoir.

Figure 1

ALY SY —)
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.8 surface thereof and said plurality of ultrasonic transducers are
* mount ed- within said open interior portion. 4. The transducer
assenbly of claim3, wherein, said reservoir is in
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5  communication with said open interior porti on of said el ongat ed

*transducer housi ng. 5. The transducer assenbly of claim1l,

wherein said elastic nmenbrane has an el ongated flat bottom surface
term nating at opposed tapered end 10 portions adjacent each said guide
nmeans. 6. The transducer assenbly of claim1, wherein each said
gui de neans includes a pair of wh2# s nmounted to engage said tubing
during inspection. <=t : .

FlG. 2

This is the replacement shest

Date: 18 M.AR m

L



15 7. A method for the ultrasonic inspection of tubing conprising,
‘providing a transducer assenbly including an el ongated transducer housing
having a plurality of ultrasonic transducers nounted on an upper surface
and along a nmgjor axis of said housing, providing guides nounted on each

of two opposed ends of said housing, with said plurality of ultrasonic 20
transducers bei ng mount ed t her ebet weer3 provi di ng an el ongated el astic
menbrane of water-inpervious, elastic material in water-tight seal ed
connection at edge portions thetreof to a | ower surface of said housing with
said edge portion of said nenbrane term nating on said | ower surface of

FIG. 3

0 u /IO

24_

|

L
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sai d housing at a location short of each said guide and with opposed wi dth

. 25 portions of said nenbrane extending beyond said housing, with said

el astic nmenbrane formng a reservoir of ultrasonic fluid within said
menbrane with said fluid being coupled to said plurality of transducers,
. providing neans for selective and contnped | ed i ntroducti on and renoval of
said ultrasonic fluid with respect to é d reservoir, conpressing said
el astic 30 menbr ane agai nst an exterior surface of said tubing to be

i.nsp'ec.ted, F/G. g4

(=)

O No %» ‘
= 1_1
TRANSOUCER — e = 24
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an elongated transducer housing;

a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing;

guide means mounted on each of two opposed ends of said housing
for guiding the transducer assembly relative to the tubing durmg
inspection, with said plurality of ultrasonic transducers being mounted
therebetween, an elongated elastic membrane of watcr—impervioUS, elastic
material in water-sealed connection at edged portions thereof to a lower
surface of said housing, with said edge portions of said membrane
terminating on said lower surface of said housing at a location short of
each said guide means and opposed width portions of said membrane
extending beyond said housing, said elastic membrane forming a reservoir
of ultrasonic fluid within said membrane with said fluid being coﬁpled to
said plurality of transducers, means for selective, controlled introduction
and removal of said ultrasonic fluid with respect to said reservoir to
permit distortion and cause conforming of said elastic membrane to an
arcuate contour of an exterior transverse surface of said tubing and means
for introducing flowing additional ultrasonic fluid between said elastic

membrane and tubing to maintain said elastic membrane out-of-contact

-with said tubing during said ultrasonic inspection thereof.

2. The transducer assembly of claim 1, wherein said ultrasonic fluid
is water.
3. The transducer assembly of claim 1, wherein said elongated

transducer housing has an elongated, open interior portion on said upper

This i the replacement sheet
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movenent bet ween sai d transducer assénbly and said tubing to maintain

=sai d el asmm,m Lighiorted and conformng to said arcuate contour of
sai d exte m"]m “mai d tubing and said plurality of ultrasonic
transducer$ WUl trtasdéni eal+y coupled to said tubing by said flow ng

ultrasonic 10 liquid and said uItrason'ﬁc fluid within said reservoir,
said flow ng ultrasonic liquid nai
out - of - cont act

ith sai d.t ubi ng. 8.. Th
wher ei n sai dswnfya“v@ tkergpf raagowi PRF A% Ofsul!ssomﬁéfaasaucers are mount
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within said open interior portion.

4. The transducer assembly of claim 3, wherein said reservoir is in
communication with said open interior portion of said elongated transducer

housing.

S. The transducer assembly of claim 1, wherein said elastic membrane
has an elongated flat bottom surface terminating at opposed tapered end

portions adjacent each said guide means.

6. The transducer assembly of claim 1, wherein each said guide means

includes a pair of wheels mounted to engage said tubing during inspection.

7. A method for the ultrasonic inspection of tubing comprising,
providing a transducer assembly-including an elongated transducer housing
having a plurality of ultrasonic transducers mounted on an upper surface
and along a major axis of said housing, providing guides mounted on each
of two opposed ends of said housing, with said plurality of ultrasonic
transducers being mounted therebetween, providing an elongated elastic
membrane of water-impervious, elastic material in water-tight sealed
connection at edge poﬁions thereof to a lower surface of said housing with
said edge portion of said membrane terminating on said lower surface of
said housing at a location short of each said guide and with opposed width
portions of said membrane extending beyond said housing, with said
elastic membrane forming a reservoir of ultrasonic fluid within said
membrane with said fluid being coupled to said plurality of transducers,
providing means for selective and controlled introduction and removal of
said ultrasonic fluid with respect to said reservoir, compressing said elastic

membrane against an exterior surface of said tubing to be inspected,

taining said el astic nenbrane

Wi th

met hod of claim 7,
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nmoverment bet ween‘sald $ransducer assenbl y and sai d tubing. 20

mumz, wherein said water is introduced by
ﬁmﬂn id tubing during said relative rotational

10.

S T

met hod -of claim8, wherein said relative rotational novenent S
produced by rotating said transducer asg$enbl y.

10

15

20

removing a quantity of said ultrasonic fluid from said reservoir sufficient
to permit said elastic membrane to distort and conform to an arcuate
contour of an exterior transverse surface of said tubing, introducing
flowing additional ultrasonic liquid between said elastic membrane and
adjacent surface of said tubing, while producing relative rotational |
movement between said transducer aséembly and said tubing to maintain
said elastic membrane distorted and conforming to said arcuate contour of
said exterior surface of said tubing and said plurality of ultrasonic
transducers ultrasonically coupled to said tubing by said flowing ultrason'ic
liquid and said ultrasonic fluid within said reservoir, with said flowing
ultrasonic hquld maintaining said elastic membrane out—of—contact with

said tubing.

8. The method of claim 7, wherein said flowing ultrasonic liquid is
water.
9.  The ‘method of claim 8, wherein said water is introduced by

spraying said water onto ‘said tubing during said relative rotational

movement between said transducer assembly and said tubing.

10.  The method of claim 8, wherein said relative rotational movement

is produced by rotating said transducer assembly.
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