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t passes through a port to provide a minimum of obstruction for men and equipment passing through the port. Intermediate
s of varying cross-section connect the central section to the cylindrical outer sections so that the outer sections are offset
e axis of the manhole. The central section Is preferably configured to obstruct no more than about 10 percent of a standard

manhole opening, while causing either no air flow rate reduction, or a reduction of no more than about 10 percent as compared to
the flow rate through a cylindrical conduit similar to said outer sections. The conduit is preferably formed of a conductive or
electrically dissipative polyethylene polymer material to allow static electricity to be conducted from the conduit to ground. In a

preferred embodiment, a connecting device for connecting the conduit to electrical ground Is connected to the conduit. A
grounding circuit kit and method of grounding the conduit Is also disclosed.
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ABSTRACT

An electrically conductive confined space ventilation conduit formed of a
substantially rigid non-metallic conductive material, such as plastic, and a
related process for ventilating an enclosure accessed by a manhole or other
port. In one embodiment, the conduit has a pair of outer cylindrical sections
and a central section having a cross-sectional shape of a crescent or a
segment of a circle where it passes through a port to provide a minimum of
obstruction for men and equipment passing through the port. Intermediate
sections of varying cross-section connect the central section to the
cylindrical outer sections so that the outer sections are offset from the axis of
the manhole. The central section is preferably configured to obstruct no
more than about 10 percent of a standard manhole opening, while causing
either no air flow rate reduction, or a reduction of no more than about 10
percent as compared to the flow rate through a cylindrical conduit similar to
sald outer sections. The conduit is preferably formed of a conductive or
electrically dissipative polyethylene polymer material to aliow static electricity
to be conducted from the conduit to ground. In a preferred embodiment, a
connecting device for connecting the conduit to electrical ground is
connected to the conduit. A grounding circuit kit and method of grounding

the conduit i1s also disclosed.
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ELECTRICALLY CONDUCTIVE CONFINED SPACE VENTILATOR
CONDUIT FORMED OF CONDUCTIVE POLYMER, ELECTRICAL
GROUNDING CIRCUIT FOR VENTILATION SYSTEMS USING SAME, AND
METHODS OF USING AND FORMING SAME

BACKGROUND AND SUMMARY OF THE INVENTION

Tanks, sewers, and other enclosures that must be entered periodically
require some type of air ventilation system for the men working in the enclosure.

Without some type of air ventilation the workers would be required to wear respir-

ators. Previously, the ventilation apparatus used normally included an air pump
outside the enclosure and an 8-inch flexible hose leading into the enclosure. How-
ever, the normal 24 inch (or smaller) manhole is barely large enough to allow a
worker to enter the enclosure with tools and/or matenals. When an 8-inch ventilat-
Ing hose is also located within the manhaole, it may prevent the worker from entering
the enclosure, and provides an cobstruction that tends to catch tools on the worker's
belt, with the possibility of damaging the hose or dropping tools on another worker
already in the enclosure.

A solution to this problem was provided by novel apparatuses and methods
described in U.S. Patent Number 4,794,956 and U.S. Patent Number 4,982 653,
both to Gordon et al. The aforementioned patents are assighed to AIR SYSTEMS
INTERNATIONAL® of Chesapeake, Virginia, USA. In ohe exemplary embaodiment,
a rigid-walled confined space ventilation conduit comprises a central section having
a cross section in the shape of a crescent or a segment of a circle, two intermediate
seclions attached respectively to each end of the central section, and each having a
cross-sectional shape varying from the shape of the central section at the juncture
with said central section, and tapering to a circular shape at the outer end of the
associated intermediate section. The conduit also includes two outer cylindrical
sections, respectively attached to the outer end of each
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of the intermediate sections, the outer sections being externally aligned on a
common axis offset from the center of the central section.

As a result of this construction, it is possible to reduce the cross-
sectional obstruction of a relatively small manhole, 1.e., with about a 20 inch
diameter, to about 10 percent of the cross-sectional area of the manhole, as
compared to about 35 percent obstruction for a standard 8 inch diameter
hose. For larger manholes, the percent obstruction using the conduit of this
invention may be substantially less than 10 percent.

In an exemplary embodiment, an outer surface of the central section
is cylindrical and has substantially the same diameter as the diameter of the
manhole in which the conduit is used. In the interest of economy, however,
it is practical to utilize a standard size conduit which will fit virtually all
conventional manholes. For example, a central section having a radius of
curvature conforming to the perimeter of a manhole of smaller radius may be
effectively utilized in all larger manholes as well.

In a preferred embodiment of the aforementioned invention, the cross-
sectional area of the central section may be reduced in comparison to the
outer cylindrical sections, but only to the extent of causing a reduction of not
more than about 10 percent in air flow rate.

The aforementioned invention also included mounting means at the
outer surface of the central section of the conduit so that the conduit may be
hung or otherwise attached at a manhole opening.

A related process for using the aforementioned invention in ventilating
a confined space via a port includes the steps of providing a rigid-walled
confined space ventilation conduit as described above, locating the duct so
that one outer end and an associated intermediate section lie outside the
enclosure, the other outer end and its associated intermediate section lie
inside the enclosure, and the central section extends through the port (e.g.,
manhole); and operatively connecting the conduit to an external source of

air, such as a pump or blower via flexible hosing.
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A high quality commercial embodiment of the confined space
ventilation conduit described in the aforementioned patents is sold as the
SADDLE VENT® confined space ventilator conduit by AIR SYSTEMS
INTERNATIONAL®, 821 Juniper Crescent, Chesapeake, Virginia, 23320,
U.S.A. (telephone 800-866-8100).

A typical SADDLE VENT® confined space ventilator conduit produced
in the past has been formed of polyethylene. Since polyethylene has very
low electrical conductivity - it may be considered an electrical insulator - it
allows static electricity to build up on the surface of the device; a static
electric charge may also build up on other non-conductive ventilation
ducting. Under dry and dusty work conditions the build-up of static electricity
can discharge to metal surfaces or other grounded surfaces causing a spark
INn a work area. Ventilation conduits are often used in petroleum and
chemical storage tanks and in municipal sewers that can all contain
explosive chemical vapors. Under certain conditions the static build-up on a
ventilation duct could lead to an explosion or fire. It is therefore desirable to
have a confined space ventilation conduit that is electrically conductive and
that is readily able to form an electrical circuit with a grounded source in
order to dissipate static electricity and other electric charges. A confined
space ventilator conduit is defined herein as a rigidly-walled fluid conduit that
has at least a hollow first section having other than a full circle shape in
cross section, wherein the conduit can be used to ventilate an enclosure
accessed via a port (e.g., a manhole) with less obstruction of the port than if
the first section had a hollow full circle cross section of equal area.
Exemplary confined space ventilator conduits are described in the
aforementioned patents.

Forming confined space ventilator and other ventilation system
ducting of metal is not satisfactory for many purposes, as the metal generally
does not rebound from dents or crushing forces, and/or can spark when
engaging certain surfaces. Further, the raw materials for metal construction

can be more expensive than plastic and metal conduits can be much harder
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to fabricate, particularly a confined space ventilator conduit that has a non-
circular cross-section or a rigid-walled elbow joint for a ventilator system.
Thus, plastic has been preferred over metal for forming confined space
ventilator conduits, such as the SADDLE VENT® confined space ventilator
conduit from AIR SYSTEMS INTERNATIONAL®. Although the plastics used
are not conductive, they have high mechanical strength, are readily moldable
to form a unitary seamless device, and have great durability. The prior art
did not recognize and provide a solution for the potential for static electricity
buildup on non-conductive confined space ventilator conduits and other
respiratory conduits.

Creation of non-metallic electrically conductive respiratory system
conduits and in particular a confined space ventilator conduit faced many
challenges. Conductive polymers are rare, expensive, and difficult to
fabricate, can result in devices with unacceptable mechanical strength,
and/or are otherwise impracticable to use. Blending of conductive materials
with a suitable polymer faced similar consequences, and/or would result in
unacceptable tradeoffs between mechanical strength and durability in order
to get a sufficiently conductive product. The prior art does not provide a
confined space ventilation system with a continuous electrical connection
from the distal end of a flexible hose or conduit inside a confined space,
through a confined space ventilator conduit, and to a blower via non-metaliic
components. While a grounding wire may carry charge past a non-
conductive system component, electric charge may still build up on non-
conductive components sufficient to create a hazardous condition.

Therefore, objects of this invention are to provide durable and
electrically conductive ventilator conduits and an electrically conductive
confined space ventilator conduit formed of a polymeric material, and to
create processes for using same to ventilate an enclosure via a port into an
enclosure and for grounding these components. A further object is to
provide a ventilator system incorporating conductive conduits throughout to

provide for a continuous electric connection via the length of a confined
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space ventilator system from a blower and into a confined space. ltis
another object of this invention to provide a non-metallic electrically
conductive confined space ventilator conduit that will not obstruct more than
about ten percent of the cross-sectional area of a confined space port (e.g.,
manhole), without any significant reduction in air flow (e.g., less than about
10% reduction) through all sections of the confined space ventilation conduit
and connecting hosing and rigid conduits. Still other objects will become
apparent in the more detailed description which follows.

These and other objects of the invention are accomplished by a
confined space ventilation conduit (conduit and duct may be used
iInterchangeably herein) formed of an electrically conductive polymer, and
having the general confined space ventilator conduit geometry described
above. The non-metallic electrically conductive confined space ventilation
conduit of the present invention, also referred to herein as a conductive
SADDLE VENT® conduit, preferably includes at least one grounding lug for
connecting an electrically conductive grounding wire to the conduit, so that
an electric charge can be conducted from the conduit to electric ground. In
an embodiment, two grounding lugs are provided at opposite ends of the
conductive confined space ventilator conduit of the present invention for
series connection of the duct into a corresponding grounding circuit. Another
embodiment of the present invention is directed to an electrically conductive
rigid walled conduit, formed of a non-metallic material, for use in constructing
an electrically conductive ventilation system, with a preferred embodiment
including a rigid walled electrically conductive ventilation conduit elbow.
Preferably, the elbow includes at least one grounding lug. The conductive
confined space ventilation conduit of the present invention is preferably
designed for serial connection into a ventilation system, and is preferably
grounded to a blower forming part of a ventilation system, wherein the
blower is electrically grounded.

A preferred ventilation system includes the electrically conductive

confined space ventilation duct of the present invention connected to hosing
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of conventional cylindrical cross-section, with rigid elbows where needed. The other
conduits and elbows are preferably formed of an electrically conductive polymer or
other electrically conductive material. Grounding lugs may also be formed into or
firmly connected to the other electrically conductive ventilation system conduits. In
an embodiment, at least one grounding wire is connected serially to the grounding
lugs and to electrically conductive components to maintain a complete circuit to
ground. Hence, non-conductive ventilation system components can be bypassed to
complete the ground circuit, although it is preferred that all hollow components
forming the ducting of a ventilation system of the present invention be electrically
conductive.

In an embodiment, a conductive coating is applied to non-metallic ventilation
system ducting components to provide conductivity. In another embodiment, the
present invention includes an electrically conductive, non-metallic conduit for a
ventilation system that comprises a rigid conduit formed of a material that is at least
electrically dissipative. A preferred material is an ethylene-butene copolymer poly-
ethylene resin with a conductive additive. In one embodiment, the conduit com-
prises a hollow first section having other than a full circle shape in cross section. In
another embodiment, a conductive conduit of the present invention comprises a
cylindrical section bent at an approximately ninety degree angle.

The invention thus provides according to a first aspect, for a confined space
ventilator conduit for ventilating an enclosure via a port, the conduit being suitable
for mounting to the port and comprising a hollow first section having a cross section
area that is partially circularly shaped, and that is smaller than a cross section area
of the port. The conduit is characterized in that the first section is formed from a
plastic material that is at least electrically dissipative, to the extent that when the
conduit has electrically connecting devices connected proximate its opposite first
and second ends, the connecting devices can be connected in series to ground

without the need of a bridging ground cable.
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According to a second aspect, the invention provides for a kit for installing a
ground confined space ventilator conduit. The kit comprises at least one electrically
conductive connector for connecting a confined space ventilator conduit to ground or
to a grounded device, and a confined space ventilator conduit according to the
invention.

According to a third aspect, the invention provides for a method of electrically
grounding an electrically conductive confined space ventilation conduit. The methoad
comprises connecting a grounding wire to a rigid walled conduit. The conduit com-
prises a hollow first section forming a portion of a circle in cross section, the first
section being formed of a non-metallic conductive material. The conduit can be
used to ventilate a confined space with less obstruction of the port to the confined
space than if the first section had a hollow circular cross section of equal area.

According to a fifth aspect, the invention provides for a method of ventilating
an enclosure with a manhole entrance with minimum obstruction at the manhole, the
method comprising the steps of: (a) providing a conduit having outer open-ended
sections which are substantially circular in cross section, and an intermediate
section which is partially circular in cross section and which obstructs the cross
sectional area of the manhole by not more than about 10 percent, wherein the
conduit is electrically conductive and non-metallic; and (b) locating the conduit within
the manhole entrance such that the intermediate portion extends from inside the

enclosure to outside the enclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Novel features which are believed to be characteristic of this invention are set
forth with particularity in the appended claims. The invention itself, however, both its
organization and method of operation, together with further objects and advantages
thereof, may be understood better by reference to the following further detailed

description taken in connection with the accompanying drawings in which:
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Figure 1 is a perspective view of an embodiment of a rigid-walled,
electrically conductive confined space ventilation conduit of the present
invention;

Figure 2 Is a top plan or “outer side” view of the conduit of Figure 1,
wherein the outer side refers to the side of the conduit that points towards
the outside of the confined space or enclosure access port into which the
conduit is placed in use;

Figure 3 is bottom plan or “inner side” view of the conduit of Figure 1,
wherein inner side refers to the side of the conduit that points towards the
interior of the access port into which the conduit is placed in use;

Figure 4 is a side elevation view of the conduit of Figure 1, wherein
the outer side is facing upwards.

Figure 5 is a cross-sectional view taken along line 5--5 of Figure 4;

Figure 6 is a cross-sectional view taken along line 5—5 of Figure 4
but viewed in the opposite direction from the view of Figure 5;

Figure 7 is a perspective exploded view of a portion of an electrically
grounded ventilation system of the present invention incorporating the
conduit of Figure 1, showing corresponding portions of a grounding circuit,
as well as a mounting plate in operative connection with the mounting tab on
the conduiit.

FIG. 8 is a perspective exploded view of the conduit of Figure 1
iIncorporated into a ventilation system with a blower, and showing a
corresponding grounding circuit complete from its distal end to the blower;

FIG. 9 is a perspective view of an exemplary grounding lug of the

present invention engaging a grounding wire to illustrate its operation.

ADDITIONAL DETAILS OF THE PRESENT INVENTION

Structural detalls of a rigid-walled electrically conductive confined
space ventilation conduit of the present invention may be better understood
by reference to the attached drawings. Referring to Figures 1-6, an

exemplary conduit is comprised of five sections connected end to end. There
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IS a central section 20 connected at each end to an intermediate section 21,
which in turn are connected to two outer or end sections 22. The conduit is
made of thin, light weight conductive polymeric material, preferably a
conductive moldable polymer comprising polyethylene.

Engineering plastics, such as polyethylene, tend to be very good
insulators, and have surface resistance values typically in the range 1 X 10"
to 1 X 10"° ohms. Decreased electric resistance (increased conductivity) can
be imparted to plastics by additives, such as conductive carbon fibers or by
surface treatment of finished products. However, surface treatments can
wear off, so additives are preferred where permanence is a concern.
Nevertheless, whether conductive additives or surface treatments are used,
obtaining sufficient conductivity in the final product can be impracticable
and/or unpredictable taking into account final product durability and
mechanical strength requirements.

It has been surprisingly discovered that a suitably conductive material
for use in the present invention does not have to be fully electrically
conductive, as that term is conventionally understood, so long as it is
sufficiently conductive to dissipate electric charges typically encountered in
use so that the electric charge can be directed to ground via a suitable
circutt.

A preferred material for forming an electrically conductive confined
space ventilator conduit has a surface resistivity and volume resistivity that
are at least dissipative, If not conductive. Surface resistivity describes the
electrical resistance of the surface of the material in ohms, Q. A formula
that relates resistance and resistivity is:

R =p (LIW);
where R = Resistance, p= Surface Resistivity, L. = Length, and W = Width.
Hence, with a square surface, i.e., L=W, R =p. Surface resistivity is
defined for a square surface and thus has units of ohms per square, and is
independent of the size of the square. Generally, a material deemed

“conductive” has a surface resistivity less than 1.0 x 10° ohms per square,
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10

15

20

25

30

CA 02436809 2003-08-06

whereas a material deemed “dissipative” has a surface resistivity greater
than 1.0 x 10° but less than 1.0 x 10" ohms per square. However, herein,
materials that have a surface resistivity less than about 1.0 x 10"" ohms per
square are preferred for the present invention, and most preferably materials
having a surface resistivity less than about 1.0 X 10°%; such materials will be
referred to as conductive for the purposes of the present invention, so iong
as the conductance of a confined space ventilation duct made thereof will
not permit static electricity buildup, when properly grounded, in a typical
petroleum storage tank sufficient to spark an explosion. In a particularly
preferred embodiment, the polymeric material has a surface resistivity of
preferably less than about 4 X 10° Q per square and most preferably about 3
X 10° Q per square or less.

The volume resistivity (resistance through the three dimensional
volume of the material) for a conductive non-metallic composition for use in
the present invention is preferably in the range of a semiconductor to a
traditional conductor. For example, a preferred material has volume
resistivity of less than about 1000 ohms per meter. Another preferred
material has a volume resistivity of about 3 ohms per meter, or less. In
Table 1 below, non-limiting exemplary properties for conductive polymers for
use with the present invention are provided. |t is to be understood that the
term conductive polymers includes blends of non-conductive polymers with
other materials that makes the final product conductive or sufficiently
dissipative for the purposes of the present invention. Further, non-metallic
composition refers to compositions of polymers that may contain up to 10%
by weight of metallic ingredients. Further, where a conductive coating
surface has been applied, the overall conduit will be considered to be of non-
metallic composition, so long as no more than about 10% of the weight of
the conduit is metallic, inclusive of the weight of the coating, and excluding
any metal clamps or lugs. For example, if a metallic coating were to be
applied to a prior art SADDLE VENT® conduit from AIR SYSTEMS
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INTERNATIONAL®, no more than about 10% of the weight of the conduit

would be due to metallic components (this excludes any fittings or lugs).

TABLE 1
EXEMPLARY CONDUCTIVE POLYMER PROPERTIES
Property Value Test Method
Melt Index (190° C, 2.16kg) [6.0g/10min  [1SO 1133
Density - 10.934 g/lcm’ ISO 1183
Tensile Strength (Yield) 16 MPa | ISO R 527
Flexural Modulus 550MPa | ASTMD 790
Hardness L 55 ShoreD 1ISO R 868
Surface Resistivity (50% >3x10°k Q per N
BS 2050
RH) - square _
Volume Resistivity 3Q metres j BS 2050

In an embodiment, a preferred polymeric material for forming a rigid
walled electrically conductive conduit of the present invention is ICORENE®
C517, an ethylene-butene copolymer polyethylene resin containing
semiconductive additives, which produces a product having substantially
enhanced electrical conductivity in comparison to polyethylene. ICORENE®
C517 is available from Wedco/ICO Polymers, 11490 Westheimer, Suite
1000, Houston, Texas 77077 .

Referring back to Figures 1-6, central section 20 has a non-cylindrical
shape, i.e., a non-circular cross-section, such as a crescent or a segment of
a circle.

An inner surface 30 of the inner side of the central section 20 is
cylindrical when the cross-section is crescent shaped, and in the form of a
flat plane when the cross-section is a segment of a circle. Figures 1-6 show
a cross-section which has the shape of a segment of a circle. Outer surface
31 on the outer side may be cylindrical or be formed of two or more
intersecting planes, an irregular curved surface, or the like. In one exemplary
embodiment, outer surface 31 fits snugly into a manhole opening by

conforming essentially to the shape of the manhole entrance. In other words,
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the radius of curvature of outer surface 31 is substantially the same as the
radius of the manhole opening. This, of course, requires the production of
different conduits for different diameter manholes. It is more economical to
produce a single conduit configuration for virtually all manholes, and the fact
that the outer surface of the center conduit section does not fit flush with the
peripheral surface of the manhole is not significant.

Thus, a central section having a radius of curvature corresponding to
the smallest of the commonly used manhole structures may also be utilized
with all larger manhole openings.

Throughout the length of central section 20, the shape of the cross-
section preferably remains the same, although this shape may be variable.

Transition or intermediate sections 21 join central section 20 at
juncture lines 23 at one end and join outer sections 22 at juncture lines 24 at
the other end. At juncture line 23 the cross-section of intermediate section
21 is the same shape as that of central section 20, and at juncture line 24
the cross-section is In the shape of a circle. In between juncture lines 23 and
24 the cross-sectional shape of the intermediate sections changes at every
position tapering along the longitudinal axis of each intermediate section
from a crescent or segment of a circle shape to a circle shape.

Outer sections 22 are cylindrical, preferably about 8 inches in
diameter so as to fit aiready existing ventilating equipment. An annular rib
25 can be provided to facilitate better retention and sealing to matching
conduit ends. Other diameters are, of course, within the scope of this
invention. Both outer sections 22 are preferably aligned on a common
longitudinal axis parallel to but offset from the axis of central section 20,
although this is not a critical feature. Outer sections 22 need not be alighed
on a common axis, and if aligned, their axes need not be parallel to the axis
of the central section.

The term “rigid” refers to the rigidity of plastic walled conduits that
have greater wall rigidity than flexible walled hoses generally used In

ventilation systems, such as portable systems for ventilating manholes.
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Generally, the rigidity of a prior art SADDLE VENT® device is sufficient for
the present invention, although particular uses or users may prefer greater or
lesser rigidity. If rigidity is inadequate, the conduits could collapse too easily
or not provide a good base for attachment to flexible ventilation hoses.

Referring to Figures 7-9, a preferred embodiment of the present
invention includes at least one grounding lug 200, or other connecting
device, for facilitating connecting the electrically conductive rigid walled
conduits and other ventilation system components to an electrical ground.
The lug housing can be formed of a rigid conductive material and be molded
into the conduit or bolted to the surface of the duct by a bolt, such as bolt
202 through flange 204. A nut may be used to tighten the bolt to the conduit.
A passageway 206 in the lug housing is sufficiently large to easily receive a
conductive wire, such as 208, therein. A screw 210 seated in matching
threads permits for firmly tightening wire 208 into lug 200.

In a preferred embodiment, a grounding kit comprises at least one
grounding lug and at least one conductive wire for connecting a conductive
ventilator conduit to ground. Another preferred grounding kit comprises at
least one grounding lug and a conductive non-metallic ventilator conduit.
The latter kit also may include conductive wire, and/or an electrically
conductive conduit and/or an electrically conductive confined space
ventilator conduit, and/or a blower. It should be kept in mind that electrically
conductive conduits in accordance with the present invention are non-
metallic as that term is defined herein. In a preferred embodiment, the latter
kit comprises at least two lugs, at least one of which is not directly connected
to an electrically conductive confined space ventilator duct.

In a preferred embodiment, the lug Is made of aluminum, brass or
other conductive metal. A preferred aluminum lug is Model 3LLN44 from
W.W. Grainger, Inc., 100 Grainger Parkway, Lake Forest, IL 60045-5201.

Referring to Figure 7, elbow 220 is preferably formed of the same
conductive plastic as the electrically conductive confined space ventilator

conduit of the present invention. A grounding lug 200 can be molded into or
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bolted thereto. Thus, conventional ventilation system components can be
formed of conductive polymeric materials in accordance with the present
iInvention, and integrated into grounded ventilation systems. Hence, for the
first time, a confined space ventilator system that includes polymeric
components can be continuously connected to ground via all of the system
components.

Preferably, a grounding lug is provided on blower 100. Since an
electric blower will generally include an electrical ground wire, the blower
would act as ground for the system. The blower can be further connected o
a ground, particularly where it is a pneumatic blower or other blower type
used in explosive environments.

A mounting plate 240 is also shown in Figure 7. The mounting plate
can be formed of metal or plastic, and includes a hook 242, the latter shown
projecting into the hole 28 in tab 27. In a preferred embodiment, the plate
240 is formed of cold-rolled steel, for example 4 thick steel or 11 gauge
steel, and is of a sufficient size to firmly anchor a confined space ventilator
conduit mounted thereon. For example, the plate may have a base 244 with
dimensions of 16 inches by 6 inches by 2 inch, connected to an end flange
246 that is two inches by 6 inches by 2 iInch. Hook 242 can be of 'z inch
diameter and project outward from base 244 about 1 % inches.

In a preferred embodiment, the duct of the present invention is formed
via a rotational molding process. Rotational molding permits seamless
hollow molds to be formed by bi-axial rotation of a heated mold containing a
moldable material. In a preferred process, a powder of conductive
polyethylene polymer, such as ICORENE® C517, is inserted into a mold, and
the mold heated and rotated until the polymer is melted and distributed
about the interior of the mold. The mold is then cooled and the device
further processed to remove excess material. The preferred polymer feed
stock is a 500 micron powder, which has good flow and melting

characteristics.
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A preferred process to create a final product weighing approximately
6 pounds starts with about 7.5 pounds of conductive polymer powder being
loaded into a cast aluminum mold. The mold is formed using conventional
techniques known to those of skill in the art. The mold is rotated while
heated to between about 550 and about 650 degrees Fahrenheit (°F).
Generally, about 15 minutes of the heated rotation step is sufficient to
distribute the molten polymer inside the mold, and this step Is followed by a
cooling rotation step which preferably takes approximately the same time as
the heated rotation step. Cooling is facilitated by spraying water onto the
mold while continuing to rotate the mold. Ambient temperatures, the desired
thickness of the molded product, and the particular polymer powder used will
affect the time and temperatures for these molding steps as is known to
those of skill in the art. Following release of the mold, a computer numerical
controlled router ("CNC router”) can be used to remove excess plastic from
the product, particularly from the openings at either end of the confined
space ventilator conduit at the cylindrical end portions.

Suitable rotational molding and post-molding processing equipment
can be obtained from Ferry Industries, Inc., 4445 Allen Road, Stow, Ohio
44224-1093 USA.

Referring to Figure 8, each outer section 22 is attachable to flexible
hosing or other conduits leading to a blower 100 at one end, and to any
position in an enclosure at the other end as desired by the person(s) working
therein. Typically, blowers utilized for ventilating manholes comprise air
blowers rated at about 1000 to about 1500 cubic feet per minute (CFM), and
typically generate a flow rate of about 700-800 CFM.

A grounded conductive ventilation system of the present invention
may comprise an electrically conductive rigid walled confined space
ventilator conduit of the present invention, an electrically conductive rigid
walled elbow conduit formed of the same material as the forgoing conduit,
other conductive flexible hosing, a blower, and conductive wire for

connecting the conduits to the blower and/or another ground source. For
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conductive hosing not formed of a substantially rigid conductive polymer or
other suitable non-metallic material in accordance with the present invention,
it is preferred to use hosing supplied with a continuous metal helix and a
static ground wire connected to the helix. A preferred grounding wire is
formed of steel. A 1/16" galvanized steel wire has been found adequate for
grounding common ventilation system setups in accordance with the present
iInvention, for example, when ventilating a manhole with a 1000 to 1500 CFM
blower. A suitable grounding wire is available from Carol Cable Co.,
Highland Heights, Kentucky, U.S.A.

It is recommended that conductivity of a grounded conductive
ventilation system of the present invention be tested before use to ensure
that all grounding wires and components are firmed connected. It is
preferred that the blower be at least five feet from the access port to the
confined space. If the confined space Is accessed by a manhole, the
manhole cover can be rested upon the mount 240, preferably with the end
flange 246 facing upwards, so that the base 244 lies flat on the ground. In
this way, the manhole lid can be propped up to facilitate maneuvering.

It Is preferred that interior walls be smooth and continuous, and that
the cross-sectional shapes of the center section of the rigid walled confined
space conduit from one end to the other are such that the cross-sectional
areas may be substantially constant, so that the air being pumped through
the conduit has minimal obstruction or drag. Further, it is desired to maintain
the cross-sectional area of the conduit thoughout. Thus the area of the
central section in cross-section is preferably substantially the same as the
cross-sectional area of the outer sections 22.

It has been discovered that the cross-sectional area of the center
section of the confined space conduit may be less than the cross-sectional
areas of the respective outer cylindrical sections without significant reduction
in air flow rate. As will be explained further below, a reduction in cross-
sectional area of the central section that results in no more than about a 10

percent reduction in flow rate within a given flow rate range is acceptable.
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The central axis of each outer section 22 may be considerably offset
from the center axis of central section 20 when the confined space conduit is
placed in a manhole. Under these conditions, the offsetting of outer sections
22 places them as far outside of the perimeter of the manhole as can
practically be permitted. The purpose of this arrangement is to remove as
much as possible of the conduit from the manhole area so as to provide a
minimum obstruction to a person or equipment entering or leaving through
the manhole. The cross-sectional shape of central section 20 is made as thin
as possible; 1.e., the average distance between the inside surface 30 and the
outside surface 31 is as small as possible, so as to provide a minimum
obstruction for a person entering or leaving the manhole. Preferably, when
the confined space conduit is mounted within a port with the central section
of the conduit lying adjacent a peripheral edge of the port, the central section
extends toward a radial center of the port less than half that which would
occur If the outer section having the cylindrical shape were located within the
port and adjacent the same peripheral edge.

A tab 27 with an opening 28 passing therethrough is shown projecting
laterally outwardly from the outside surface 31 of central section 20. This is
provided to cooperate with a pin placed on some manholes for the purpose
of suspending equipment therefrom. The conduit can hang vertically on such
a pin when the axis of the manhole is vertical. If such a pin is not found on
the manhole in the areas of use of this conduit, other means may be
provided to make the conduit attachable to the manhole. For example, a tab
without an opening could be attached to the manhole rim by a clamp. A pin
on the condutt could be attachable to a hole or recess in the vicinity of the
manhole rim. Other similar attaching means are also operable.

In some Instances, e.g., on ships, the manhole may be oval in shape.
In this instance, the conduit of this invention will fit into either end of the oval
and employ whatever type of hanger means Is available, normally, a tab to

hang on a pin around the manhole.
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The length of the central section is of any nhormal length adapted to
span the neck or throat of a manhole or other port as would be understood
by those having skill in the art.

In a preferred embodiment, the overall length of an electrically
conductive confined space ventilation duct of the present invention is 44
Inches. The central section Is 23.25 inches long, and the maximum distance
between the inner surface 30 and outer surface 31 forming the central
section is about 3.5 inches. The maximum width in cross section of a cord
drawn from the edges of inner surface 30 and outer surface 31 is about 14.5
inches. The intermediate sections have a length of 7.5 inches, leading to
end cylindrical sections 2.875 inches in length and having diameters of
8.250 inches. The cylindrical sections are aligned about an axis offset from
the center axis of the central section. The connecting edges of the walls
forming the inner surface 31 and outer surface 30 of the central section lie in
a plane that is one inch from the closest point on the surface of the end
cylindrical sections, thus further reducing obstruction of a port into which the
duct is placed. The general wall thicknesses are between about 0.1 to about
0.25 inches, although the mounting tab (e.g., tab 27) has a thickness of at
least 0.75 inches for extra rigidity. In a preferred embodiment, wall thickness
Is about 0.15 inches. The mounting tab has a width of about 5.3 inches at its
connection to the outer surface 31 tapering to about 3 inches at its outer
edge. The hole 28 In tab 27 has a length of about 1.5 inches and a width of
about 0.6 inches, and generally centered in the mounting tab. An annular rib
(e.g., rib 25) of about 0.15 inches in height and about 0.25 inches wide is
provided about 0.6 inches in from the outer edge of each cylindrical portion.

In a related aspect of the invention, a process is provided for
ventilating enclosures accessed by ports with an electrically conductive
ventilation system, which, in its broader aspects, comprises the following
steps:

providing an electrically conductive confined space ventilation conduit

having at least a pair of end sections 22 and a central section 20, the central
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section having a different cross-sectional shape than the end sections, and
wherein the cross-sectional shape of the central section 20 includes an outer
curved surface 31 having a second radius substantially the same as or
smaller than the radius of the port into which the duct is placed;

mounting the conduit within the port so that one end section 22 is
located within the enclosure, the central section 20 is located within the
opening such that the outer curved surface 30 of the conduit central section
lles adjacent the port opening, and the other end section 22 is located
outside the enclosure;

connecting the other end section 22 to a source of air; and

supplying air from the source to the enclosure through the conduit.

It will therefore be seen that the present invention provides an
electrically conductive confined space ventilation conduit and/or other rigid
walled electrically conductive and non-metallic ventilation system conduits, a
ventilating system incorporating same and related processes for forming and
using same which have numerous advantages and which significantly
enhance the ability of workers, etc. to safely enter and exit confined spaces
and enclosures accessed by manholes or other ports.

EXAMPLE 1

A comparison was made of the ability of a prior SADDLE VENT®
confined space ventilation conduit from AIR SYSTEMS INTERNATIONAL®
to dissipate electric charge versus a new conductive SADDLE VENT®
confined space ventilation conduit of the present invention. Conductivity
readings were taken using an ohmmeter set to record resistance in
megaohms (i.e., 1 X 10" Q) and/or k-ohms (i.e., 1 X 10° Q). Readings in
excess of 1 X 10° Q were shown as infinite resistance.

Electrically conductive confined space ventilator conduits and elbows
of the present invention were formed of ICORENE® C517 as set forth above.
Lugs were mounted with bolts 37 inches apart and evenly spaced from the
ends of the conduit. Contacting the ohmmeter electrodes to the lugs yielded
readings of about 10 to 20 k-ohms (i.e., about 10 X 10° Q to 20 X 10° Q).

" TN @ M
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When the ohmmeter electrodes were contacted with the opposite ends of the
conduit, readings of about 140 k-ohms were obtained. A conductive rigid
elbow conduit of the present invention was installed at one end of a
conductive SADDLE VENT® confined space ventilation conduit of the
present invention, and one ohmmeter electrode was contacted with the open
end of the conduit and the other electrode contacted with the open end of
the elbow; this yielded a reading of about 154 k-ohms. The elbow included a
grounding lug, which was located about 42 inches from the distal grounding
lug on the conductive SADDLE VENT® confined space ventilation conduit;
the resistance measured between these grounding lugs was about 14.5 k-
ohms.

All comparative readings on the prior art SADDLE VENT® confined
space ventilator conduits formed of polyethylene indicated resistance
beyond the capabilities of the ohmmeter used.

While the inventions have been described with respect to certain
specific embodiments, it will be appreciated that many modifications and
changes may be made by those skilled in the art without depatrting from the
spirit of the inventions. It is intended, therefore, by the appended claims to
cover all such modifications and changes as fall within the true spirit and

scope of the invention.
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CLAIMS:

1. A confined space ventilator conduit for ventilating an enclosure via a port, the
conduit being suitable for mounting to the port and comprising a hollow first section
having a cross section area that is partially circularly shaped, and that is smaller
than a cross section area of the port, characterized in that:

said first section is formed from a plastic material that is at least electrically
dissipative, to the extent that when said conduit has electrically connecting devices
connected proximate its opposite first and second ends, the connecting devices can

be connected In series to ground without the need of a bridging ground cable.

2. A confined space ventilator conduit according to claim 1, wherein said
electrically dissipative plastic material comprises a conductive polyethylene

composition.

3. A confined space ventilator conduit according to claim 1 or 2, wherein a

further connecting device connects said port to an electrical ground.

4. A confined space ventilator conduit according to claim 3, wherein at least one

of said connecting devices is located proximate said first or second end.

5. A confined space ventilator conduit according to claim 3 or 4, wherein said
further connecting device comprises a lug, said lug being formed of an electrically

conductive material and being either molded into said conduit or bolted thereto.

6. A confined space ventilator conduit according to any one of claims 3 to 5,
wherein said further connecting device comprises at least one grounding wire

connection device for facilitating connection of said device to the electrical ground.

7. A confined space ventilator conduit according to any one of claims 1 to 6,

wherein said first section is operatively connected to hollow second and third
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sections, said first section having a minimum cross sectional area about 90% or

more of cross sectional areas of said second and third sections.

8. A confined space ventilator conduit according to claim 7, wherein said first
section is operatively connected to said second and third sections by hollow trans-
itional sections connected at the opposite ends of said first section, said transitional
sections having substantially the same cross sectional shape and area as said first
section at their connection point with said first section, and having a substantially
circular cross sectional shape at their connection point with said second and third

sections.

9. A confined space ventilator conduit according to any one of claims 1 to 8,
comprising at least three longitudinal tubular sections, including one central section
and two outer sections; at least one of said outer sections having a substantially
cylindrical shape and having a first diameter, said central section having a shape
that is partially cylindrical so as to minimize obstruction to a person entering or leav-
iIng the port in the enclosure, said central section being of a size and shape which
causes a reduction in air flow rate of no more than about 10% relative to the flow
rate in @ second conduit having a diameter substantially the same as said first dia-
meter, wherein said confined space ventilator conduit comprises a polymer that is at

least electrically dissipative.

10. A confined space ventilator conduit according to claim 9, wherein said con-
fined space conduit comprises five longitudinal tubular sections joined end-to-end,
including a pair of intermediate sections joining the outer sections to said central
section, said central section having the general cross section of a segment of a
circle, and wherein said intermediate sections extend angularly away from said
central section, the cross section of each said intermediate section changing
throughout its length from the shape of said central section at one end thereof to the

shape or said respective outer section at the other end thereof.
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11. A confined space ventilator conduit according to claim 9 or 10, wherein said
outer sections are substantially aligned on a common axis which is substantially

parallel but offset from fits axis of said central section.

12. A confined space ventilator conduit according to any one of claims 9 to 11,
further comprising means on the outside of said central section for releasable

attachment of said confined space conduit within the port to the enclosure.

13. A confined space ventilator conduit according to any one of claims 9 to 12,
wherein, when said confined space conduit is mounted within a substantially circular
port with the central section of said confined space conduit lying adjacent a peri-
pheral edge of the port, the central section extends toward a radial center of the port
less than half that which would occur if the outer section having the substantially

cylindrical shape were located within the port and adjacent the same peripheral

edge.

14. A confined space ventilator conduit according to any one of claims 9 to 13,
wherein the outer section having the substantially cylindrical shape is about eight
Inches (20 cm) in diameter, and wherein the confined space conduit is adapted to be
mounted within the port about twenty inches (50 cm) in diameter, and wherein the

central section extends toward a radial center of the port by about 3.5 inches (8 cm).

15. A confined space ventilator conduit according to any one of claims 9 to 14,
wherein the port is a substantially circular manhole and said central section has an

outer surface which has a radius substantially equal to the radius of said manhole.

16. A confined space ventilator conduit according to any one of claims 9 to 15,
comprising a substantially cylindrical section bent at an approximately ninety degree

angle.
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17. A confined space ventilator conduit according to any one of claims 1 to 16,

wherein the surface resistivity of said confined space ventilator conduit is less than

about 1.0 x 10"" ohms per square.

18. A confined space ventilator conduit according to claim 17, wherein the

surface resistivity of said conduit is less than about 1.0 x 10° ohms per square.

19. A confined space ventilator conduit according to any one of claims 1 to 18,

wherein the electrical resistance of said conduit is less than about 4 x 10° Q.

20. A confined space ventilator conduit according to any one of claims 1 to 19,

comprising an ethylene-butene copolymer polyethylene resin with a conductive
additive.

21.  AKkit for installing a ground confined space ventilator conduit, the kit com-
prising:
at least one electrically conductive connector for connecting a confined space

ventilator conduit to ground or to a grounded device, and a confined space ventilator

conduit according to any one of claims 1 to 20.

22.  Akit according to claim 21, wherein said electrically conductive connector
comprises a conductive housing, said housing comprising a receiving member for
recelving and gripping an electrically conductive wire to create an electrical contact

between said conductive housing and an electrically conductive wire.

23. A Kit according to claim 22, wherein said conductive housing is adapted to be

bolted or formed into said confined space conduit for creating an electrically con-

ductive connection thereto.

24. A Kit according to any one of claims 21 to 23, wherein said kit comprises at

least two of said electrically conductive connectors, wherein at least one of said at
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least two electrically conductive connectors is not directly connected to said con-

fined space ventilator conduit.

25.  The kit of claim 24, wherein said connectors comprise at least one of

aluminum and brass.
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