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(57) Abréege(suite)/Abstract(continued):

securing the core at its both ends, wherein the core and the fitting member are secured under pressure at both ends of the core
by contacting a ring-shaped protrusion portion arranged at both ends of the overcoat member to an open inner end of the fitling
member, Includes the steps of: forming the overcoat member on the core; forming the ring-shaped protrusion portion integrally
with the overcoat member by processing an end portion of the overcoat member; and securing the fiting member. Moreover, an
end processing apparatus utilized for the method of producing a polymer insulator includes: a core holder for holding a core; a
rotation drive device arranged rotatably around the core holder at a center of a central axis of the core; and a whetstone leaving
a shape for forming an end portion of an overcoat member of the polymer insulator, which Is arranged to the rotation drive device
rotatably around its center axis; wherein the whetstone itself Is rotated and the rotated whetstone Is rotated around the end

portion of the overcoat member on the core held by the core holder, so that a protrusion portion Is formed integrally with the end
portion.
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ABSTRACT

A method of producing a polymer insulator having a core, an
overcoat member arranged on the core, and a fitting member for
securing the core at its both ends, wherein the core and the fitting
member are secured under pressure at both ends of the core by
contacting a ring-shaped protrusion portion arranged at both ends of
the overcoat member to an open inner end of the fitting member,
includes the steps of: forming the overcoat member on the core;
forming the ring-shaped protrusion portion integrally with the overcoat
member by processing an end portion of the overcoat member; and
securing the fitting member. Moreover, an end processing apparatus
utilized for the method of producing a polymer 1insulator includes: a
core holder for holding a core; a rotation drive device arranged
rotatably around the core holder at a center of a central axis of the
core; and a whetstone having a shape for forming an end portion of an
overcoat member of the polymer insulator, which 1s arranged to the

rotation drive device rotatably around its center axis; wherein the

whetstone itself is rotated and the rotated whetstone is rotated around
the end portion of the overcoat member on the core held by the core

holder, so that a protrusion portion is formed integrally with the end

portion.

- 14 -




10

20

30

CA 02375608 2004-03-10

©64881-500

SPECIFICATION

METHOD OF PRODUCING POLYMER INSULATOR AND
END PROCESSING APPARATUS UTILIZED FOR THIS METHOD

TECHNICAL FIELD

The present invention relates to a method of producing a
polymer insulator, which comprises a core, an overcoat member
arranged on the core, and a fitting member for securing the core at 1ts
both ends, and, wherein the core and the fitting member are secured
under pressure at both ends of the core by contacting a ring-shaped
protrusion portion arranged at both ends of the overcoat member to an
open inner end of the fitting member, and also relates to an end
processing apparatus used ir. this producing method.
BACKGROUND ART

Usually, as shown in Fig. 4, a polymer insulator 51 used for
an electric power transmission and distribution comprises an FRP core
52, an overcoat member 53 arrahged on the FRP core 52, and a fitting
member 54 for securing the FRP core 52 and the overcoat member 53
at 1ts both ends. In the polymer insulator 51 having the construction
mentioned above, since there 1s the possibility that the polymer
insulator 51 1s broken or loses i1ts function due to the reasons

mentioned below, a water intrusion i1nto the fitting member 54 must be

prevented.

(1) A fitting strength 1s decreased due to an erosion of the fitting

member 54;

(2) A tracking occurs at the overcoat member 53 and the FRP core 52,

so that an electric insulation defect 1s generated; and

(3) As a most afraid case, a brittle fracture of the FRP core 52 occurs
since an alkali component 1s eluted 1nto a glass component 1n the FRP

core 52 to which stress 1s applied.

Therefore, 1n order to achieve a complete water proof

condition at a portion between the fitting member 54 and the overcoat
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member 53, a ring-shaped protrusion portion 55 1s arranged at both

~ends of the overcoat member 53 and a portion having the protrusion

portion 55 1s secured to the fitting member, so that the protrusion
portion 55 serves as an O-ring. This method 1s disclosed 1n Japanese
Patent Publication No. 2664616, and it achieves satisfactory resuits.
In this method, 1n order to obtain such a water proof condition by
contacting under pressure the pr\otrusion portion 55 and the fitting
member 54, an inner diameter of the fitting member 1s adjusted
suitably and the thus obtained fitting member may be connected to the
protrusion portion 535.

In the polymer insulator 51 wherein the protrusion portion
55 1s arranged at the end of the overcoat member 53, the overcoat
member 53 1s formed around the FRP core 52 by using a metal mold.
Therefore, 1t 1s not possible to vary a position of the protrusion
portion 55 formed 1ntegrally with the overcoat member 53 if once
formed. As aresult, there arises a problem that a shape and the
number to be formed of the protrusion portion 55 can not substantially
be wvaried at all. Moreover, when a polymer insulator having a litile
shorter length 1s to be obtained by reducing the number of sheds of the
polymer insulator 51, 1t 1s necessary to change overall metal mold and
thus there arises a problem that such a metal mold change requires a
considerable time. Further, 1t 1s impossible to re-create a polymer
insulator having a little shorter length by reducing the number of sheds
of the ready-made polymer insulator. Therefore, it is difficult to take
up a small-lot order, and there 1s a problem that productivity becomes
bad if taking up such a small-lot order. |

An object of the invention is to eliminate the drawbacks
mentioned above and to provide a method of producing a polymer
imsulator and an end processing apparatus utilized for this method,
wherein a shape of and the number of protrusion portion to be formed
can be varied without changing a metal mold, and, wherein a product

having a suitable length can be obtained by varying the number of

sheds of a ready-made formed body.

- 2 -
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DISCLOSURE OF INVENTION

According to the invention, a method of producing a polymer
insulator having a core, an overcoat member arranged on the core, and
a fitting member for securing the core at 1ts both ends, wherein the
core and the fitting member are secured under pressure at both ends of
the core by contacting a ring-shaped protrusion portion arranged at
both ends of the overcoat member to an open 1nner end of the fitting
member, comprises the steps of: forming the overcoat member on the
core; forming the ring-shaped protrusion portion integrally with the
overcoat member by processing an end portion of the overcoat
member; and securing the fitting member.

Moreover, according to an end processing apparatus utilized
for the method of producing the polymer insulator mentioned above,
comprises: a core holder for holding a core; a rotation drive device
arranged rotatably around the core holder at a center of a central axis
of the core; and a whetstone having a shape for forming an end portion
of an overcoat member of the polymer insulator, which 1s arranged to
the rotation drive device rotatably around 1ts center axis; wherein the
whetstone i1tself is rotated and the rotated whetstone 1s rotated around
the end portion of the overcoat member on the core held by the core
holder, so that a protrusion portion 1s formed i1ntegrally with the end
portion.

In the method of producing the polymer insulator according
to the invention, the ring-shaped protrusion portion 1s formed
integrally with the overcoat member by processing the end portion of
the overcoat member. Therefore, 1t 1s possible to vary easily a shape
of and the number of protrusion portion to be formed. Moreover, as a
preferred embodiment, the producing method further includes the steps
of: cutting the overcoat member of the polymer insulator to a
predetermined length; and processing an end portion of the thus cut
overcoat member; so that the ring-shaped protrusion portion and the
overcoat member are integrally formed. In this case, 1t 1s possible to

obtain the polymer insulator having a predetermined length from the
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ready-made polymer insulator or the stocked polymer insulator,
Therefore, according to the invention, 1t 1s possible to deal with a
small-rot order and also 1t is possible to increase productivity of the
polymer insulator by reducing the number of metal mold changing
operations. In addition, the ring-shaped protrusion portion can be
formed to the end portion of the overcoat member on the basis of the
center of the core. Therefore, 1t 1s possible to obtain the ring-shaped
protrusion portion which can achieve a better securing, even if the

overcoat member is eccentric at the processing position.

BRIEF DESCRIPTION OF DRAWINGS

Figs. 1(a)-(c) are schematic views explaining

one embodiment of a method of producing a polymer insulator
according to the 1invention.

Figs. 2(a)-(d) are schematic views explaining
another embodiment of a method of producing a polymer insulator

according to the invention.

Figs. 3(a) and (b) are schematic views showing
one embodiment of an end processing apparatus utilized for a method
of producing a polymer insulator according to the invention; and

Fig. 4 is a schematic view illustrating one embodiment of a

known polymer 1nsulator.

- S by w—-

Figs. 1(a)-(c) are schematic views explaining
one embodiment of a method of producing a polymer insulator
according to the invention. In Figs. 1(a)-(c), a polymer insulator ]
comprises an FRP core 2, an overcoat member 3 made of for example
silicone rubber, which is arranged on the FRP core 2, and a fitting
member (not shown) for securing the FRP core 2 and the overcoat

member 3 at its both ends. In the polymer insulator 1 mentioned
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above, the fitting member and thee FRP core 2 are secured under
pressure by contacting a ring-shaped protrusion portion 1] arranged at
both ends of the overcoat member 3 to an open 1nner end of the fitting
member. This connection serves as a sealing mechanmism. In addi-
tion, a numeral 5 1s a sheath portion of the overcoat member 3 and a
numeral 6 1s a shed of the overcoat member 3. Here, a method of
forming the protrusion portion 11 to the end portion of the overcoat
member 3, which 15 a characterized part of the invention, will be
explained, and also a method of producing such an end portion will be
explained. Before the processing of the protrusion portion shown in
Figs. 1(a)-(c), the overcoat member 3 is arranged on the FRP core 2 by
using known forming methods such as compression forming, injection
forming, transfer forming and so on. Moreover, after the processing
of the protrusion portion shown in Figs. 1(a)-(c¢), the fitting member 1s
secured to the overcoat member 3 at both ends.

With reference to Figs. 1(a)-(c), the characterized part of the
method of producing the polymer insulator according to the invention
will be explained. At first, as shown in Fig. 1(a), a large diameter
portion 12 having a diameter larger than that of the sheath portion 5 of
the overcoat member 3 1s arranged at an end portion of the overcoat
member 3. The large diameter portion 12 has substantially the same
width as that of a whetstone 21 used for processing. Then, as shown
in Fig. 1(b), the whetstone 21 rotated at a high speed 1S moved
gradually from an 1dling position shown in Fig. 1(a) to a finish
machining position by rotating it around a center axis of the polymer
insulator 1. In this case, the protrusion portion 11 i1s formed at the
large diameter portion 12 by using a recess 22 arranged at an outer
surface of the whetstone 21. As a result, as shown 1n Fig. 1(c), it is
possible to arrange the ring-shaped protrusion portion 11 at the end
portion of the overcoat member 3. In the embodiment mentioned
above, the protrusion portion 1] having a diameter larger than that of
the sheath portion 5 of the overcoat member 3 i1s formed by arranging
the large diameter portion 12 at the end portion of the overcoat

- 5 -
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member 3 and grinding the large diameter portion 12 by the whetstone
21. Ho@ever, 1t 1s possible to grind directly the end portion of the
sheath portion 5 of the overcoat member 3 without using the largé
diameter portion 12. In this case, the connection may be achieved by
varying an inner diameter of the open inner end of the fitting member.

As mentioned above, in the case that the protrusion portion
11 used also for sealing function is arranged at the end portion of the
overcoat member 3 by means of the whetstone 21, it 1s possible to vary
a shape of and the number of the protrusion portion 11 without changing
the metal mold. The metal mold change takes a considerable expense
since the metal mold 1s expensive. Moreover, the metal mold
changing operation takes a lot of time. Therefore, the present
invention mentioned above can be largely contributed to a reduction of
cost and an i1ncrease of productivity.

Figs. 2(a)-(d) are schematic views respectively explaining
another embodiment of a method of producing a polymer insulator
according to the invention. In Figs. 2(a)-(d), portions similar to
those of Figs. 1(a)-(c¢) are denoted by the same reference numerals as
those of Figs. 1(a)-(c), and the explanations thereof are omitted here.
The embodiment shown 1n Figs. 2(a)-(d) 1s different from the
embodiment shown 1n Figs. 1(a)-(¢) and shows the case such that the
polymer i1nsulator which exists previously as a stock product i1s
shortened. At first, as shown 1in Fig. 2(a), a formed body of the
polymer 1nsulator, wherein the overcoat member 3 1s arranged on the
FRP core 2 and the protrusion portion 11 1s arranged at the end portion
of the overcoat member 3, 1s prepared. Then, as shown in Fig. 2(b),
the end portion of the overcoat member 3 1s cut out to a predetermined
length. For example, 10 sheds are reduced to 8 sheds by this cutting
operation. In this case, 1t 1s preferred to arrange the large diameter
portion 12 at a root portion of the shed portion 6. Then, as shown 1n
Fig. 2(c), the large diameter portion 12 is processed by the whetstone
21. After the processing, it 1s possible to obtain the overcoat member

3 having a desired protrusion portion 11 as shown 1n Fig. 2(d).
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As mentioned above, the polymer tnsulator having a desired

length 1s obtained by varying the number of sheds of the existing
polymer insulator formed body. Therefore, 1t 1s possible to reduce
the number of holding metal molds and also 1t 1s possible fo address a
small-lot order rapidly, so that 1t 1s possible to increase the productivity.

In the embodiments explained with reference to Figs. 1(a)-
(c) and Figs. 2(a)-(d), the overcoat member 3 1s formed on the FRP
core 2 be means of forming methods such as compression forming,
injection forming, transfer forming and so on. However, the forming
method of the overcoat member 5 1s not limited to the above methods.
For example, the present invention may be applied to the case such
that the sheath portion 5 of the overcoat member 3 1s formed on the
FRP core 2 by means of a metal molding or an extrusion using a cross-
head and then the shed portions 6 formed by a separate metal molding
as that of the sheath portion are adhered to the sheath portion 5 at
respective predetermined positions, so as to produce the polymer
insulator formed body. Also 1in this case, when the protrusion portion
11 used for sealing having a diameter larger than that of the sheath
portion 5 1s formed, the following method may be used such that the
large diameter portion 12 is formed by arranging tfor example RTV
rubber on the sheath portion 5 at the end portion of the overcoat
member 3 and, after curing the RTV rubber, the large diameter portion
12 1s processed by the whetstone 21. If the protrusion portion 11
having a diameter equal to or less than that ot the sheath portion 35, 1t
1s a matter of course that it 1s not necessary to arrange the RTV rubber
on the sheath portion 5.

Figs. 3(a) and (b) are schematic views respectively showing
one embodiment of an end processing apparatus used for a method of
producing a polymer insulator according to the invention. In the
embodiment shown 1n Figs. 3(a) and (b), an end processing apparatus
31 comprises: an FRP core holder 32 for holding the FRP core 2; a
high-speed air grinder 34 arranged rotatably around the FRP core

holder 32 via a bearing 33, whose rotation center 1s a central axis of
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the FRP core; and a whetstone 21 having a shape of an outer surface
for forming the protrusion portion 11 and arranged rotatably to the
high-speed air grinder 34 at 1ts central axis. Then, at the end portion
of the overcoat member 3 arranged on the FRP core 2 held by the FRP
core holder 32, the whetstone 21 i1tself 1s rotated and the rotated
whetstone 21 1s rotated around the end portion of the overcoat member
3 by utilizing a knob 35, so that the protrusion portion 11 is formed
integrally with the end portion. The high-speed air grinder 34 1s
secured to a grinder holder 36 via an eccentric bush 37, and it 1s fixed
to the eccentric bush 37 by means of a setscrew 38. The end
processing apparatus 31 can take a fine machining position during a
processing state and an 1dling state during a non-processing state by
varying a position of the eccentric bush 37 in the grinder holder 36 by
means of a finger grip 39. The eccentric bush 37 can stop at any
position between the fine machining position and the idling position
by screwing the knob 35 at arbitrary positions. Moreover, a numeral
40 1s a holder fix pin and a numeral 41 1s a stopper.

The end portion processing by using the end processing
apparatus 31 having the construction mentioned above is as follows.
(1) The polymer insulator formed body 1s cut out to a predetermined
length. After that, the overcoat member 3 corresponding to an
exposed portion (fitting member securing portion) of the FRP core 2 is
cleaned up by a suitable cleaning method.

(2) The shed positioned at a portion corresponding to the protrusion
portion 11 to be formed 1s cut out at 1ts root portion. After that, the
large diameter portion 12 1s formed.

(3) The exposed portion of the FRP core 2 is inserted into the FRP
core holder 32 and a tip of the exposed portion is contacted to a
contact surface 32a. After that, the FRP core 2 is fixed to the FRP
core holder 32 by screwing a part 32b. When the exposed portion of
the FRP core 2 1s inserted into and fixed to the FRP core holder 32, the

whetstone 21 1s at the 1dling position, and thus the whetstone 21 does

not stand 1n the way for this 1nsert and fix process.
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(4) After the exposed portion of the FRP core 2 is completely fixed to
the FRP core holder 32, an air 1s supplied to the high-speed air grinder
34 so as to rotate the whetstone 21.

(5) Atfter loosening the knob 35, the finger grip 39 moves from the
1dling position to the fine machining position (so that the whetstone 21
approaches to the large diameter portion 12 of the overcoat member 3).
When a predetermined amount of grinding 1s finished, the whetstone
21 1s fixed at that position by screwing the knob 35. Then, the holder
fix pin 30 1s pulled out to a rotation position.

(6) The grinder holder 36 (whetstone 12) 1s gradually rotated around
the central axis of the FRP core 12, while holding a main body of the
grinder holder 36 or the knob 35 by hand. The end portion of the
overcoat member 3 having a diameter A shows an eccentric state or an
irregularity.  Therefore, a grinding speed 1s adjusted corresponding to
increase or decrease of a grinding amount. It is preferred to rotate
the whetstone 21 with an oscillation.

(7) After a grinding 1s finished by one circuit, the holder fix pin 40 1s
pushed into a fix position from the rotation position, and the grinder
holder 36 1s fixed.

(8) The processing steps (5)-(7) mentioned above are repeated by 3-5
times. When the finger grip 39 of the eccentric bush 37 reaches to
the fine machining position and contacts to the stopper 41, the grinder
holder 36 1s rotated by one circuit at that position. In this manner,
the protrusion portion 11 having a shape G (using any shape other than
circular or half-circular) 1s integrally formed with the end 1)01‘tion of
the overcoat member 3. The protrusion portion 11 1s formed by
following a shape G’ of the recess 22 arranged at a side surface of the
whetstone 21.

(9) The air supply 1s stopped (the rotation of the whetstone 21 is
stopped), and the holder fix pin 40 returns to the fix position. Then,
after loosening the knob 35, the finger grip 39 of the eccentric bush 37
1s returned from the fine machining position to the i1dling position, and

the knob 35 1s loosened. Then, the part 32b 1s loosened, and the FRP
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core holder 32 is removed from the FRP core 2.

In the processing steps mentioned above, the processing
steps (3)-(9) require about 5 minutes with respect to the FRP core 2
having a diameter of 24 mm. The diameter A of the large diameter
portion 12 1s increased or decreased or becomes eccentric correspond-
ing 1o whether the shed removing 1s performed carefully or not or
whether a relation between the FRP core 2 and the overcoat member 3
1s eccentric or not. Correspondingly, an amount of grinding is varied.
Therefore, a time required for performing the processing steps
mentioned above 1s varied correspondingly. Moreover, in the

embodiment shown in Figs. 3(a) and (b), an eccentric amount of the

eccentric bush 37 1s 4 mm, and thus a stroke of the whetstone 21 from
the fine machining position to the idling position is defined as 8 mm.
Therefore, the diameter A of the large diameter portion 12 1s defined
within this range.

In the embodiment mentioned above, the polymer insulator
formed body, which is cut out to a predetermined length and wherein
the overcoat member 3 of the FRP exposed portion 1s removed and
cleaned, is set on a suitable base horizontally and is not rotated itself
while the whetstone 21 1s rotated around the FRP core 2. However, it
1s allowed to rotate the polymer insulator formed body instead of the
whetstone 21. Moreover, a long rod insulator is shown as one emBodi-
ment of the polymer insulator. However, a diameter of the FRP core
2 18 not limited, and thus the present invention can be applied to
other insulators such as LP insulator and hollow porcelain.

In addition, as the whetstone 21, it 1s better to use a diamond

whetstone in which diamond powders are electrodeposited on a metal
base due to its practicability, but it 1s not limited.

INDUSTRIAL APPLICABILITY

As clearly understood from the above explanations, according
to the invention, the ring-shaped protrusion portion is formed
integrally with the overcoat member by processing the end portion of
the overcoat member. Therefore, it is possible to vary easily a shape

- 10 -
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of and the number of protrusion portion to be formed. Moreover, as a
preferred embodiment, the producing method further includes the steps
of: cutting the overcoat member of the polymer insulator to a
predetermined length; and processing an end portion of the thus cut
overcoat member; so that the ring-shaped protruéion portion and the
overcoat member are integrally formed. In this case, 1t 1s possible to
obtain the polymer insulator having a predetermined length from the
ready-made polymer insulator or the stocked polymer insulator.
Therefore, according to the invention, 1t 1s possible to deal with a
small-rot order and also it 1s possible to 1increase a productivity of the
polymer insulator by reducing the number of metal mold changing
operations. Further, in the end processing apparatus according to the
invention, i1t 1s possible to perform the processing preferably which 1t
required in the method of producing the polymer insulator according to
thee invention. In addition, the ring-shaped protrusion portion can be
formed to the end portion of the overcoat member on the basis of the
center of the core. Therefore, 1t 1s pos'sible to obtain the ring-shaped
protrusion portion which can achieve a better securing, even 1f the
securing, even if the overcoat member 1s eccentric at the processing

position.

- 11 -
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CLAIMS:

1. A method of producing a polymer insulator
comprising f(a) a core, (b) an overcoat member arranged on
the core, and (c) fitting members for securing the core and
the overcoat member at both ends of the overcoat member,
wherein the core and the fitting member are secured under
pressure at each end of the core by contacting a ring-shaped
protrusion portion arranged at each end of the overcoat
member to an open inner end of the fitting member, which

method comprises the steps of:
forming the overcoat member on the core;

forming the ring-shaped protrusion portion
integrally with the overcoat member by processing an end

portion of the overcoat member; and
securling the fitting member.

2. The method accordihg to claim 1, wherein a large
diameter portion having a diameter larger than that of a
sheath portion of the overcoat member 1s arranged at the end
portion of the overcoat member and the ring-shaped
protrusion portion having a diameter 1arger than that of the
sheath portion 1s formed integrally with the overcoat member

by processing the large diameter portion.
3. The method according to claim 1, wherein:

the overcoat member of the polymer insulator which
1s longer than the polymer insulator to be produced, i1is cut
to a predetermined length after the overcoat member 1is

formed on the core; and
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the end portion of the thus cut overcoat member is
processed so that the ring-shaped protrusion portion and the

overcoat member are integrally formed.
4, The method according to claim 3, wherein:

the overcoat member i1is cut at a sheath portion

thereof when the overcoat member is cut to the predetermined

length;

a large diameter portion having a diameter larger
than that of the sheath portion is arranged by cutting a
root portion of a shed portion of the overcoat member faced

to the cut end portion; and

the ring-shaped protrusion portion having a
diameter larger than that of the sheath portion is formed
integrally with the overcoat member by processing the large

diameter portion.

5. The method according to any one of claims 1 to 3,
wherein the overcoat member is produced by forming a sheath
portion of the overcoat member on the core, and adhering a

shed portion of the overcoat member formed separately with

the sheath portion to the sheath portion.
6. The method according to claim 5, wherein:

a large diameter portion having a diameter larger
than that of the sheath portion of the overcoat member is

arranged at the end portion of the overcoat member; and

the ring-shaped protrusion portion having a
diameter larger than that of the sheath portion is formed
integrally with the overcoat member by processing the large

diameter portion.
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7 . An end processing apparatus utilized for the
method of producing a polymer i1nsulator according to one of

claims 1-6, comprising:
a core holder for holding the core;

a rotation drive device arranged rotatably around

the core holder at a center of a central axis of the core;

and

a whetstone having a shape for forming the end
portion of the overcoat member of the polymer insulator,
which 18 arranged to the rotation drive device rotatably

around 1ts center axis;

wherein the whetstone itself is rotated and the
rotated whetstone 1s rotated around the end portion of the
overcoat member on the core held by the core holder, so that
the protrusion portion 18 formed integrally with the end

portion.

8 . The end processing apparatus according to claim 7,

which further comprises:

an eccentric bush for securing the rotation drive
device, such that the whetstone takes a fine machining
position during a whetstone processing state and an idling
position during a whetstone non-processing state with
respect to the end portion of the overcoat member to which

the processing i1s performed.

9. The method according to claim 3 or 4, wherein the
polymer 1insulator longer than the polymer i1nsulator to be
produced 1s a ready-made polymer insulator or a stocked

polymer insulator.
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10. The method according to any one of claims 1 to 6

or claim 9, wherein

the core is a long rod made of FRP comprising a

glass component; and

the overcoat member i1is made of a silicone rubber

and has a plurality of sheath portions and shed portions.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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