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DEVICE AND METHOD FOR SURFACE REPLICATION

ABSTRACT

The present invention provides a replication device for delivering a replicating
material to a surface. The device includes an extrusion piston slidably received therein and
movable to a dispensing position for expelling the replicating material through an outlet.
The device further includes an actuator, wherein the actuator produces stress waves so as 10
temporarily reduce the viscosity of the material during delivery of said material. Also

provided is a method and kit for using the device for obtaining a replica of a surface.
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DEVICE AND METHOD FOR SURFACE REPLICATION

FIELD OF THE INVENTION

The field of the invention generally relates to surface replication, and more

particularly to devices and methods for surface replication.

BACKGROUND

It 1s often necessary to obtain detailed information regarding surface features of
components. This can be required in areas that are only accessible by means of remote
tooling or equipment. The detailed information may be required to determine if a
component is fit for service based on a particular geometric feature. This would include
such things as a flaw or surface defect, where a stress analysis would be required to assess 1f

the stresses resulting from this flaw or defect were acceptable.

Replicas are regularly required to help characterize features on surfaces, such as the
inside surface of pressure tubes within a nuclear reactor (e.g., a CANDU™ reactor).
Pressure tube surface replication in a nuclear reactor 1s a remote process due to limited
access and the presence of high radiation fields. Obtaining high quality surface replicas of
flaws with narrow, deep and/or sharp-tipped features 1s difficult. Obtaining such replicas
remotely and/or in wet conditions 1s even more difficult. Maintaining control of the
replicating matenial during the replicating process 1s important; it 1s important that the
replicating material 1s not ‘lost’ into the reactor during the replication process. Due to this
handling constraint, a replicating material with moderately high viscosity must be used.
Moderately high viscosity facilitates material handling and control, however, the viscous
material 1s more difficult to apply into narrow, deep and/or sharp-tipped features. Trials
with less viscous replicating material have not produced satisfactory results because of the

difficulty in material handling/control.

Present replicating devices can be delivered to the location of a flaw to obtain a

mould impression or replica of the surface feature. Typically, the device carries a quantity
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of replhicating material and 1s able to apply the material onto the surface. The replicating
material 1s applied in an uncured state, and cures in situ. Once the replicating material has
cured, the device containing the replica is retrieved. The geometry of the surface feature is

replicated as a negative impression. The replica can be inspected to determine geometric

features.

Present replicating devices and processes generally work adequately for broader,
open flaws with smoother surfaces and larger root radu. However, existing devices and
processes have limited success with flaws that are narrow, deeper, undercut, and have small
root radui. A difficulty with flaw replication relates to being able to successfully apply the
replicating matenal into the bottom of the flaw 1n order to capture its features. In some

instances, the replica may not be fully formed, i.e. it does not sufficiently capture the

features of the flaw.

When a successful replica cannot be taken, often the worst case assumptions are
made when assessing a putative flaw in a reactor pressure tube. Thus, failure to obtain
replicas of sufficient quality can result in additional reactor outage time, limitations on the

allowable thermal cycles for reactor pressure tubes, and may lead to unnecessary fuel

channel replacement.

There remains a need, therefore, for an improved replication device and methods of

use of that device.

This background information 1s provided for the purpose of making known
information believed by the applicant to be of possible relevance to the present invention.
No admuission 1s necessarily intended, nor should be construed, that any of the preceding

information constitutes prior art against the present invention.
SUMMARY OF THE INVENTION

The present invention provides a replication device for delivering a replicating

material to a surface.
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In accordance with one aspect of the present invention there 1s provided a flaw
replication device for remotely obtaining a replica of a surface, comprising: (a) a replicating
plate having side walls that define an enclosure having an open end, said replicating plate
being movable between a retracted position and an extended position at which the
replicating plate is in contact with said surface; (b) a replicating material housing for
receiving a curable thixotropic replicating material; (c) an extrusion piston slidably received
within said replicating material housing and movable between a rearward position and a
forward dispensing position (d) a tube in fluid communication with the enclosure in said
replicating plate and the replicating material housing; and (¢) an actuator for delivering
stress waves to the replicating material, whereby when said replicating plate 1s 1n said
extended position, movement of said extrusion piston to said forward dispensing position
causes replicating material contaimned within said replicating matenial housing to be
dispensed through said tube into said enclosure formed by said replicating plate and into
contact with said surface, and whereby delivery of said stress waves to said replicating

material reduces the viscosity of said replicating materal.

In accordance with another aspect of the present invention there 1s provided a
method of making a replica of a surface using the device according to the present invention,
comprising the steps of: (a) delivering a curable thixotropic matenal to said surface; (b)
providing stress waves to said material during delivery of said matenal; and (c) allowing

sald material to cure 1n the absence of said stress waves.

In accordance with another aspect of the present invention there 1s provided a kit for
the use of a flaw replication device of the present invention, comprising: a) the replication

device; and b) instructions for the use thereof.

In accordance with another aspect of the present ivention there 1s provided a kit for
the use of a flaw replication device of the present invention, comprising: a) the replication

device; b) a curable thixotropic m;aterial; and c) instructions for the use thereof.

In accordance with another aspect of the present invention there 1s provided a kit for

the use of a flaw replication device with an actuator, comprnising: (a) the actuator; and (b)

instructions for the use thereof.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 1s a cross-section of one embodiment of the replication device of the present

invention;

Figure 2 is a cross-section of the replication device shown 1n Figure 1 in which the

replicating mount is in contact with surface of component being replicated;

Figure 3 is a cross-section of the replication device shown 1n Figure 1, in which the
replicating material is between the replicating mount and the surface of the component being

replicated; and

Figure 4 1s a cross-section of the replication device shown in Figure 1, in which

cured replicating material 1s retained on the replicating mount;

The numbers 1n bold face type serve to identify the component parts that are
described and referred to in relation to the drawings depicting various embodiments of the
present invention. It should be noted that in describing various embodiments of the present
invention, the same reference numerals have been used to identify the same or similar

elements. Moreover, for the sake of simplicity, parts have been omitted from some figures

of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

As will be discussed in more detail below, the present invention provides a
replication device, and method, for surface replication. The device of the present invention
comprises some of the features of standard replicating devices known in the art. As 1n
certain replicating devices known 1n the art, the device of the present invention makes use of
a device body, a replicating plate, an extendable mount, a replicating cartridge housing and
an extrusion piston. In the device of the present invention, these features are combined with
an actuator for delivering vibrations in the form of stress waves to a thixotropic replicating
material, during material application. Thixotropy refers to a physical property of a matenal
whereby the viscosity of the material 1s affected by stress. A thixotropic material becomes

less viscous in the presence of stress. The temporary reduction in viscosity of the replicating
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material during injection allows the replicating material to better penetrate into flaws during
the injection process. Once the initial injection is complete the vibration induced stresses

are removed, which restores the higher viscosity in order to maintain control of the material

inside the reactor.

Replicating Device

One example of the replicating device of the present invention 1s shown 1n Figures 1-
4. In this example, a section of a pressure tube 1s shown to illustrate the arrangement of the

device with respect to the surface to be replicated.

The main components of the replicating device 10 include: device body 1;
replicating plate 2, extendable mount 3; replicating cartridge housing 11, extrusion piston 6

and piezo-actuator 7.

Device body 1 provides support for the components of replicating device 10. In the
example of Figures 1-4, device body 1 is a generally cylindrically shaped body, which 1s
useful for obtaining replicas from the inside surface 8 of generally cylindrical pressure
tubes, pipes and other similarly shaped surfaces. It will, however, be clear to the skilled
worker that surface replicas may be obtained from other shapes of components. A different
shape of device body 1 may be used to facilitate replication of differently shaped surtaces.
Additionally, device body 1 may be a adapted to be removably or fixedly attached to an
additional module(s) used in flaw replication. As used herein, the term ‘replica’ generally

refers to a negative impression of a surface made using the flaw replication device of the

present invention.

Replicating plate 2 acts as a dam and retains replicating material 4 at, or generally
surrounding, the feature being replicated. Replicating plate 2 includes sidewalls that define
an enclosure having an open end and 1s movable between a retracted position and an
extended position. In the extended position, the side walls of replicating plate 2 are in
contact with the surface to be replicated such that the enclosure defined by the sidewalls 1s
closed and suitable for delivering the replicating material into contact with the surface to be

replicated. Replicating plate 2 optionally includes retaining means (not shown) that ensures

the cured replicating material adheres to replicating plate 2 when replicating plate 2 is
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retracted and the replica 1s removed from the component being replicated. In one example,
as shown 1n Figures 3 and 4, the retaining means of replicating plate 2 includes dove-tail
grooves Z that aid 1n retaining the cured replica when the replica 1s retracted from the
surface. In another example, the retaining means of replicating plate 2 includes a T-slot

and/or a geometry with an undercut for assisting in retaining the replica.

Replicating plate 2 1s removably mounted to extendable mount 3. Extendable mount
3 1s moveable from a retracted position to an extended position, and 1s adapted to reversibly
retract and extend replicating plate 2. Extendable mount 3 is remotely user operable to
extend replicating plate 2 into contact with the surface prior to replication, and to retract
replicating plate 2 once the replica 1s obtained. Extendable mount 3 optionally includes
means for tilting replicating plate 2 to keep replicating plate 2 in contact with the inside
surface of a pressure tube or other surface. In one example, replicating plate 2 1s pivotally
attached to extendable mount 3. The ability of replicating plate 2 to tilt is advantageous if

the 1nside surface of the component is 1rregularly shaped, such as in the case of a sagged

pressure tube.

Extendable mount 3 and replicating plate 2 may optionally be spring loaded to retract
as a failsafe mechanism. Such a failsafe mechanism is a safety redundancy which is
desirable 1n the event of a power failure, malfunction or other failure occurs with the
extendable mount 3 or its control system. If such a malfunction were to occur with
extendable mount 3 in the extended position, it may be difficult to remove the replicating
device 10 from the reactor. To help to avoid this possibility, extendable mount 3 can be
spring-loaded so that it will return to the retracted position on its own. For example, in the
event of a pneumatic or hydraulic system problem (e.g., an O-ring seal leak in extendable
mount 3, solenoid valve malfunction or tubing failure in the controlling system outside of
the replicating device) extendable mount 3 and replicating plate 2 will retract to ensure the
device can be easily retrieved from the pressure tube. Additionally, the front and rear edges

of extendable mount 3 and replicating plate 2 may be shaped (for example, tapered) to

facilitate removal of device 10 from a pressure tube under back-out conditions.
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Movement of extendable mount 3 from the retracted position to the extended
position causes replicating plate 2 to move from a retracted position (as depicted in Figures
1 and 4) to an extended position (as depicted in Figures 2 and 3). In the extended position
replicating plate 2 contacts the surface of the component being replicated. Replicating plate
2 is sized to mate with the surface of the component to be replicated. Extendable mount 3

can be a pneumatic or hydraulic piston.

Housing 11 is sized to receive a supply of replicating material 4 in a replicating material
cartridge and in an amount sufficient to form at least one replica. In the specitic example
depicted in Figures 1-4, replicating material 4 is an uncured and un-mixed, two-part,
thixotropic replicating material that is commercially available and supplied in a double
syringe 9. In this example, one syringe tube contains a base and the other syringe tube
contains a catalyst. An example of replicating material 4 includes Express Vinyl
Polysiloxsane Impression Material System™ from 3M™. In addition to its thixotropic
properties, the Express Vinyl Polysiloxsane Impression Material System™ from 3M™ 1s
suitable for use in wet conditions, as can be encountered within a pressure tube. It will be

clear to the skilled worked that other thixotropic materials may be used.

The properties and/or criteria considered for selecting a thixotropic material includes the
percent shrinkage of the material, dimensional stability, radiation tolerance, mixing
method(s), affinity to water, working time, cure time, temperature range, viscosity, chemical

composition, physical form, and mechanical properties.

It will be clear to the skilled worker that when evaluating the above-noted properties
and/or criteria, it is necessary to find a balance among them. Often a specific material will
have desirable characteristics with respect to one criterion, and not with another. The
overall evaluation must consider whether shortcomings of a particular material are otfset by

other positive characteristics, in particular, in relation to the specific application. Criteria

that should be considered, include:

1. Material percent shrinkage of the material as it transforms from the uncured

state to the cured state should be minimized to the extent possible in view of

other required characteristics.
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Dimensional stability should be maximized (i.e., minimal dimensional change
over time) to the extent possible in view of other required characteristics. As
used herein, dimensional stability refers to the ability of the material to maintain
its shape/size over time. If the material is dimensionally unstable, then the
geometry from the replica will vary with time. Example of dimensional
instability include shrinkage and warping. Desirably, the replica geometry

remains the same over the time necessary to analyse the replica.

If the replica is to be made in an environment with radiation present, radiation

tolerance should be maximized.

Material mixing method(s) should be as simple as possible and the matenal
should be amenable to remote mixing. For example, certain materials require
extensive mixing/stirring to adequately combine the replicating material, while

other materials mix readily.

If the material is going to come in contact with water, the material must be able

to cure in the presence of water and/or when completely submerged in water.

The material working time (i.e., the period of time between initiation of mixing
and start of setting or curing) must be sufficient to allow the matenal to be
applied, however, in most circumstances, a very long working time may
undesirable because it extends the overall time required to obtain a replica.
Additionally, it is not typically desirable to disturb the material once 1t has
begun to cure, thus, the working time defines how much time following mixing

that is available for application of the materal to the component surface.

The material cure time (i.e., the time period from which the material begins to
cure until it is fully cured) should be reasonably short in order to reduce the time
required to obtain a replica, however, slower cure times are normally associated
with lower percent shrinkage. Accordingly, a balance between the two

conflicting criteria must be reached taking into consideration the requirements of

the specific application.
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The allowable temperature range of the matenal should match the expected
temperature of the surface being replicated and its environment. For example,
replicating materials will have a minimum and maximum allowable operating
temperature range. The material chosen will have an allowable temperature

range that falls within or encompasses the temperature or temperature range the

environment in which it 1s being used.

The matenal viscosity range in the absence of stress waves must be such that 1t
1s high enough to facilitate remote handling, yet low enough in the presence of
stress waves to allow the compound to form onto the component surface to

obtain an accurate replica.

The chemical composition must be compatible with the reactor systems that the
material will contact. For example, the replicating matenial should not adversely

react with the component surface material.

The physical form must be evaluated with respect to how this affects ease of
handling and application. A solid (granular), hquid or gaseous material may be

more difficult to control, mix, and apply than a material in gel or paste form.

The mechanical properties must be evaluated for suitability. Mechanical
properties of interest may include hardness, tensile strength, tear strength, and

maximum percent elongation.

Tube 5 connects double syringe 9 to an orifice (not shown) in replicating plate 2.
Tube S has a first end that 1s attached to the double syringe injection port (not shown), and a
second end that is attached to an orifice in rephicating plate 2. In accordance with a specific
embodiment of the present invention, tube 5 includes a mixing tube X in which components
of the replication material are mixed and a delivery tube Y through which the mixed
material passes before going through the orifice in the replication plate. Internal baffles 12
in mixing tube X ensure that the components of the material flow together and are
adequately mixed during material extrusion and delivery. The skilled worker will be

familiar with features other than, or 1n addition to, baffles 12 that will promote mixing.
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Extrusion piston 6 is movable from a retracted position to a dispensing position.
When moved from the retracted position to the dispensing position, extrusion piston 6 1s
adapted to extrude material 4 from syringe 9 forcing it through tube S and through the
orifice in replicating plate 2 in to the enclosure. In the examples depicted in the Figures,
extrusion piston 6 includes dual plungers each individually received within a barrel ot the

double syringe. Extrusion piston 6 can be, for example, a pneumatic or hydraulic piston.

Actuator 7 is operable to transmit vibrations as stress wave of sufficient amplitude to
replicating material 4 so as to cause a reduction in the viscosity of replicating material 4
during material injection. In the example of the Figures, actuator 7 is a piezo-actuator. The
piezo-actuator is operable over a range of frequencies, from about 10Hz to greater than
2000Hz. In the embodiment in which the replicating material used is Express Vinyl
Polysiloxsane Impression Material System™ from 3M™, desirably the actuator produces
vibrations at about 60 Hz. The use of actuator 7 results in a temporary reduction in the
viscosity of replicating material 4 during injection, which enables replicating material 4 to
penetrate into the features of the surface being replicated. In the example depicted in the
Figures, actuator 7 is positioned adjacent to replicating plate 2 so as to impart stress waves
to material 4 during delivery of the material to the surface. A signal generator and amplifier
(not shown) are connected to the piezo-actuator using electrical signal cables and are used to

control the piezo-actuator remotely from the replicating device.

It will be clear to the skilled worker to select materials for replicating device 10 that
are suitable for the conditions in which replication device 10 will be utilized. Desirably,
material for mechanical components are selected for their suitability for usc inside
CANDU™ reactors (i.e., no halogens, no sulphur, no cobalt) as well as their corrosion
resistance, and mechanical durability. Stainless Steel (Type 304 & Type 17-4 PH) and
Aluminum (Type 7075 & Type 6061) are examples of materials that may be used.

Additionally, materials can be selected based on their acceptance and approval from reactor

operators and appropriate regulatory bodies.
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Method for Obtaining a Replica

The following steps may be performed to obtain a replica using the replication
device. It should be appreciated that although this discussion is specific to flaw replication
in a pressure tube, the present method is useful for replication of a portion of any surface.
Flaw replication in a pressure tube is described as a specific example to demonstrate the use

of the method of the present invention.

As part of routine surveillance, or when a flaw is suspected, an internal surface ot a
pressure tube may be remotely inspected by a variety of methods including, but not hmited
to, visual detection and characterization by video camera, surface profiling by ultrasonics
and/or volumetric flaw characterization by eddy current analysis. When a flaw 1s detected,

or suspected, the internal surface feature may be characterized by replication.

Prior to insertion of device 10 into a defuelled pressure tube, double-syringe 9,
containing uncured thixotropic replicating material 4 is mounted in device body 1.
Extendable mount 3 and extrusion piston 6 are both in the retracted position (as shown 1n
Figures 1 and 2). Replicating device 10 is positioned such that replication plate 2 is
generally aligned with the surface feature (not shown) to be replicated. Extendable mount 3

is moved from the retracted position to the extended position to bring extendable mount 3

into contact with the surface (as shown in Figure 2 and 3).

Extrusion piston 6 is actuated to extrude material 4 from double syringe 9. The two-

part material is forced through tube 5 and the mixture is injected into the volume of space

defined by the surface and replicating plate 2. Actuator 7 is operated during material

injection to temporarily lower the viscosity of material 4. Actuator 7 is turned otf once

injection 1s complete.

Following injection of the material, replication device 1 remains stationary to allow
the replicating material to cure. The typical cure time for Express Vinyl Polysiloxsane
Impression Material System™ from 3M™ is approximately ten minutes. It will be well
understood by the skilled worker that cure times vary depending on the replicating material

used, and/or the overall conditions.
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Typically, each replica requires the use of a separate replicating plate and a new
cartridge of material. However, a single cartridge may contain sufficient material for
multiple applications. In this case, extrusion piston 6 is extended only enough to extrude

sufficient material to fill the volume of space defined by replicating plate 2.

Once the material has cured, and a replica has been formed (not shown), piston 3 1s
retracted, thereby retracting replicating plate 2 and withdrawing the formed replica.
Replication device 10 is then retrieved from the pressure tube, thereby permitting the replica

to be inspected.

Replicating Device Kit

It is also an aspect of the present invention to provide a kit for the use and/or
assembly of the flaw replication device. The kit provides a replication device and
instructions for the use thereof, and optionally includes replicating material. Another
example of a kit includes an actuator, preferably a piezo-actuator, with instructions for
adapting the actuator for use with a flaw replication device that lacks an actuator for
imparting stress waves to the replicating material. In this instance, the kit allows previous

replication devices to be “retrofitted” with such an actuator.

The appended claims define distinctly and in explicit terms the subject matter of the

invention for which an exclusive privilege or property 1s claimed.
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Claims

1. A flaw replication device for remotely obtaining a replica of a surface, comprising:

(a) a replicating plate having side walls that define an enclosure having an open end, said
replicating plate being movable between a retracted position and an extended position at which the

replicating plate is in contact with said surface,
(b) a replicating material housing for receiving a curable thixotropic replicating material;

(c) an extrusion piston slidably received within said replicating maternal housing and movable

between a rearward position and a forward dispensing position;

(d) a tube In fluid communication with the enclosure in said replicating plate and the replicating

material housing; and

(e) an actuator operatively coupled to the tube between the replicating plate and the replicating

material housing for delivering stress waves to the replicating material,

whereby when said replicating plate is In said extended position, movement of said extrusion
piston to said forward dispensing position causes said replicating material contained within said
replicating material housing to be dispensed through said tube into said enclosure formed by said
replicating plate and into contact with said surface, and whereby delivery of said stress waves by said
actuator to said replicating material during dispensation of the replicating material through the tube by the

extrusion piston reduces the viscosity of said replicating matenal.
2. The flaw replication device according to claim 1, wherein the actuator is a piezo-actuator.

3. The flaw replication device according to claim 2, wherein the piezo-actuator is operable over a

frequency range of 10 Hz to 2000Hz.

4. The flaw replication device according to claim 3, wherein the piezo-actuator is operable at a
frequency of 60Hz.
5. The flaw replication device according to any one of claims 1 to 4, wherein the replicating plate

includes retaining means for retaining cured replicating matenal.

6. The flaw replication device according to claim 5, wherein the retaining means is a dove-tall joint, a

t-slot or an undercut.

7. The flaw replication device of any one of claims 1 to 6, wherein the replicating material is a two
part composition and the replicating material housing comprises two compartments for separately

housing the two parts of said replicating material.
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8. The flaw replication device of claim 7, wherein the tube is adapted to mix the two parts of said two
part composition.
0. The flaw replication device according to claim 8, wherein said tube further comprises baffles for
mixing the two parts of said two part composition.
10. The flaw replication device according to any one of claims 1 to 9, wherein the extrusion piston is a
pneumatic piston.
11. The flaw replication device according to any one of claims 1 to 9, wherein the extrusion piston is a
hydraulic piston.
12. A method of making a replica of a surface using the device according to any one of claims 1 to

11, comprising the steps of:
(a) delivering a curable thixotropic material to said surface,
(b) providing stress waves to said material during deiivery of said matenal; and
(c) allowing said material o cure in the absence of said stress waves.

13. The method according to claim 12, wherein the curable thixotropic material is a two component

material comprising a material base and a catalyst.

14. The method according to claim 13, wherein the curable thixotropic material is a vinyl polysiloxane

impression material.

195. The method according to any one of claims 12 to 14, wherein the stress waves are In a frequency
range of 20Hz to 2000Hz.

16. The method according to claim 15, wherein the stress wave are at a frequency of 60 Hz.

17. A kit for remotely obtaining a replica of a surface, comprising:

a. the replication device according to any one of claims 1to 11; and

b. instructions for the use thereof.

18. A kit for remotely obtaining a replica of a surface, comprising:
a. the replication device according to any one of claims 1 to 11,
b. a curable thixotropic material; and

c. instructions for the use thereof.
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19. The kit according to claim 18, wherein the curable thixotropic material Is a vinyl polysiloxane

impression material.

20. The flaw replication device according to claim 1, wherein the actuator is positioned adjacent to

the replicating plate.

21. The flaw replication device according to claim 1, wherein the actuator is oriented so as to deliver

the stress waves to the replicating material transverse to the direction of dispensation through the tube.

22. The flaw replication device according to claim 1, wherein the actuator is operable to transmit
vibrations to the replicating material of amplitude that causes a reduction in the viscosity of the replicating

material during injection and delivery to the surface.
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