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3,338,382
SEMI-CAPTIVE PLATFGRM ACCUMULATOR
Daniel A. Fogg, White Clond, Mich., assignor to
Rapistan Incorperated, a cerporation of Michigan
Filed June 9, 1966, Ser. No. 556,473
10 Ciatms. (Cl. 198—203)

This invention relates to conveyor apparatus, and more
particularly to an accumulator conveyor having captive
platforms controllably advanced and controllably ac-
cumulated automatically in response to «demand.

Prior conveyor technology includes accumulator type
pallet conveyors wherein individual pallets are advanced
by a propelling means with the use of pallet engaging
dogs. The pallets advance untii they encounter another
pallet immediately ahead, and then are released from the
driving means to accumulate, If, however, conventional
wooden pallets become somewhat damaged, as they fre-
quently do, the conveyor readily becomes jammed due
to broken pallet parts projecting into the mechanism or
due to failure of the propelling dogs to engage the pallet
or to disengage from the pallet, This presents a real prob-
lem where automation dependability is necessary.

Further, it is frequently desirable to alternately convey
ordinary cartons of goods or other articles of various
sizes and shapes onm an accumulator conveyor which
would also be capable of conveying pallets.

Moreover, it is often desirable to have a conveyor with
captive recirculatory platforms that would be advanced
only when demand exists, and would remain inactive but
ready until then.

It is therefore an object of this invention to provide a
conveyor having captive platforms capable of controlled
recirculation, capable of supporting pallets, whether dam-
aged or otherwise, and alternatively capable of support-
ing other articles or cartons as necessary,

It is another object of this invention to to provide an
accumulator conveyor system having a plurality of re-
circulatory platforms held in captive fashion and capable
of being recirculated or of remaining in accumulated stor-
age condition.

Another object of this invention is to provide a con-
veyor system having articulated recirculatory platforms
in captive condition, capable of being engaged by or dis-
engaged from propelling means of the conveyor,

Another object of this invention is to provide an ac-
cumulator type conveyor system having recirculatory
platforms controllably operable between a stationary
storage condition, a stationary load receiving condition,
a moving transfer condition, a stationary load removal
condition, and a moving return to the storage condition,
all while the propelling means of the conveyor is being
continuously advanced. The platforms are automatically
shifted between these conditions as the operation requires.

Another object of this invention is to provide a semi-
captive accumulator conveyor system wherein individual
ones of ap lurality of platforms are automatically advanced
from a stationary loading position to a transfer condition
in response to a loaded condition. The advance of the
loaded platform further triggers the release of the lead-
ing platform in storage to cause the propelling member
of the conveyor to advance the empty platform from
storage to the loading position, where it is released from
its engaged position to remain at rest until loaded.

These and other objects of this invention will become
apparent upon studying the following specification in con-
junction with the drawings in which:

FIG. 1 is a plan, generally schematic view of the novel
system shown generally in block diagram;

FIG. 2 is a sectional elevational view of the apparatus
in FIG. 1, taken on plane II—II;
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FIG. 3 is an enlarged side elevational fragmentary
view of a portion of the novel system;

FIG. 4 is a sectional view taken on plane IV—IV of
FIG. 3;

FIG. 5 is a fragmentary enlarged perspective top view
of a portion of the conveyor apparatus, showing part
of the control means at the loading zone of the conveyor;

FIG. 6 is an enlarged fragmentary perspective view of
the control means in FIG. 5; '

FIG. 7 is a top plan view of the control means
in FIGS. 5 and 6;

FIG. 8 is a sectional view taken on plane VIII—vIO
in FIG. 7; -

FIG. 9 is an enlarged fragmentary view of a portion
of the apparatus in FIG. 8; i

FIG. 10 is a side elevational fragmentary view of the
propelling means of the conveyor apparatus, showing the
individual dogs mounted on the propelling member and
the operation of the dog releasing camming members at
the loading zone; ’

FIG. 11 is a fragmentary perspective view of the un-
loading zone of the conveyor apparatus;

FIG. 12 is a perspective fragmentary view of the load-
ing zone in FIG, 11, taken from the opposite side, with
an unloaded platform shown passing through the un-
loading zone;

FIG. 13 is a perspective view of the unloading zone
in FIG. 12, shown with a loaded platform at rest;

FIG. 14 is a fragmentary side elevational view of a
portion of the propelling means, showing its function at
the unloading zone; and

FIG. 15 is a schematic diagram of an alternate elec-
trical control means for the conveyor of the type shown
with the mechanical control means in FIGS. 1 through 14,

Referring now specifically to the drawings, the com-
Plete conveyor assembly 10 is an elongated structure
which' includes a pair of cooperative recirculatory track
means 12 and 12’ on opposite sides of the conveyor, inter-
connected by braces 14, and mounted on vertical sup-
ports 16. The conveyor has a loading zone 18 shown to
be on one end of the conveyor, an unloading zone 20
shown to be on the opposite end, and a storage zone 22
shown on the lower return run. Mounted on the tracks
to recirculate thereon through the upper run and the
lower return run is a plurality of articulated platforms,
a few of which, 24a, 24b and 24c, are shown. Each plat-
form is articulated to pass through the return end bends
between the upper run and the lower run, such bends
being shown clearly in FIG. 2 for example. Each articu-
lated platform includes a plurality of load supporting
transverse members here shown to be two in nunrber as
the front member 25b and rear member 26b of plat-
form 24b (FIG. 1). These members are interconnected
on their ends by a plurality of roller chain links 265’
mounted on enlarged rollers or wheels 275, These links
and rollers are captively retained in the guide tracks as
shown by the rollers of platforms 24d, 24¢ and 24f in
track 12 (FIG. 3). The upper run is shown with guide
tracks having both upper and lower retention plates
while the lower run is shown with only a lower plate.

The individual articulated captive platforms can be
propelled along the conveyor by propelling means that
includes a flexible, endless propelling member such as
roller chain 30 extending through the center of the ap-
paratus between the tracks. It travels along the upper
run, returning on the lower path, and rounding the end
bends on sprockets 42. A plurality of platform engaging
dog assemblies 32 are pivotally attached to the chain to
recirculate with it.

Specifically, each dog has a pivotal connection 32z to
chain 30 at the leading end of the dog, has a pair of cam
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follower rollers 32b projecting above it (in the upper
run) intermediate its ends, and has a platform engaging
hook 32¢ at its opposite trailing end. The free trailing
end 32c¢ of each dog is biased away from the chain 30
and toward the platform by a biasing spring such as
spring 32d (FIG. 10) which extends from a fixed con-
nection at one of its ends to chain 30, around pivotal
point 32a, around the rotational axis of cam followers
325, and having its other end engaged to the trailing end
of the dog. The dog hooks extend upwardly on the upper
run, and downwardly on the lower run.

Roller chain 36, in its upper rux, is guided and retained
in a generally U-shaped, upwardly oriented channel 490.
The chain can be driven by poweting sprocket 42 at the
downstream end (FIG. 11). This is done by mounting
sprocket 42 on shaft 44 to which another sprocket 46 is
mounted. Sprocket 46 is driven by drive chain 48 from
a suitable motor-gear box combination 51 covered by
protective panel 53.

Thus, as chain 30 is continuously driven around its
recirculatory pattern through the upper run and lower
run, it moves the spaced dog assemblies 32 along with it.
The dog assemblies are normally biased by the spring
elements contained within them into a position to engage
the platforms to drag the platforms around the assembly
in a captive fashion. Although only a few platforms are
shown for illustrative purposes, it will be realized that
great many platforms of selected number can be utilized
on the assembly, depending upon the length and the use
of the conveyor involved. The number of platforms can
be many times greater than the number of towing dogs on
the chain because the platforms will accumulate, as in
the storage zone. The accumulation occurs because of the
cooperability of each dog assembly 32 with a platform
ahead of it. The dog is positioned to engage the towing
bar opening in the front end of the platform being towed,
as shown for example in FIG. 10. Since the cam followers
32b on the dog project out ahead of the towed platform
(as shown by dog 32 and platform 24d in FIG. 3),
when the dog encounters a platform e.g. 24¢ immediately
ahead of it, rollers 32b are depressed against the bias
of the dog spring by engagement with the camming plate
24g (for example on carrier 24e) to depress the hook
32¢ out of engagement with front towing plate 24h of
platform 24d. Such a dog can traverse an entire series of
accumulated platforms without engaging them in towing
fashion, and will only engage the frontmost platform.
With this apparatus, this engagement with the foremost
platform is controlled also, as will be explained more
fully hereinafter.

Preferably, the platforms are provided with a resilient
bumper type impact absorbing member 24j (FIG. 10)
on the front end of each of the platforms so as to absorb
the impact when a dog accelerates the platform from a
dead stop to full speed. This member extends through the
front support plate of the platform and includes a coil
spring 24k to absorb the impact.

In accordance with this invention, special control
means are provided which automatically govern the en-
gagement and disengagement of specific platforms with
one of the recirculating dogs on chain 30. This control
means includes a control subassembly 50 at the loading
zone 18 (FIGS. 1, 2 and 5 through 8) and storage zone
22. That is, control subassembly 50 controls the advance-
ment of individual unloaded platforms from storage
zone 22 to the loading zone in relation to advancement
from the loading zone. The control means also includes a
control subassembly 52 at the unloading zone 2¢ of the
conveyor apparatus (FIGS. 1, 2 and 11 through 13).

Referring now specifically to control subassembly 50,
in the preferred form of the invention it comprises a
mechanical apparatus responsive to the presence of an
unloaded carrier at the loading zone, and subsequently
responsive to the loaded characteristic of the platform
in this loading zome. Referring to FIGS. 5 and 6, as-
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12¢. As roller 27b passses along

4

suming that platform 24d is just rounding the bend and
approaching the loading zone, so that its front end is
on the upper run, and its rear end is still on the lower run
as shown, when the frontmost roller wheels 72b advance
along the track section 124, (FIG. 5) toward the split
12h between short track section 12a and the remainder
of track 12, as shown by the phantom wheel in FIG. 5,
the wheels force section 12a to shift. The space between
the upper and lower flanges of section 12a at its down-
stream end is less than the diameter of roller 27b. The
top flange is fixed and the lower flange pivots about pivots
124 it forces the lower
flange down against upwardly biasing spring 60 to make
the space between the upper and lower flange of 12a
equal to its diameter. As this is done, transverse bar 62
is depressed. Depression of bar 62 depresses essentially
vertically extending link 64 affixed to bar 62 (FIG. 5 and
6). Depression of link 64 causes depression of pivot pin
68. Since pin 68 is affixed to link 70, this link 70 is
arcuately depressed because one end of link 70 is fixed to
5 rotational bar 72. The reason for this linkage is to
provide a mechanical advantage so that the free end of
link 76 will be derpessed several times the actual depres-
sion of the track portion 12a. The free end of link 79 is
pivotally connected by bolt 74 to a vertical link 76,
which has an upper cam 78 and a lower cam 80 attached
thereto. In order to obtain a balanced action, this set of
linkage means is duplicated on the opposite side of the
control subassembly 5¢ as shown in FIGS. 7 and 8. Co-
operative respectively with the cams 78 and 80 are in-
dependently operating dog shifting units 84 and 86
(FIG. 8) which control dogs 32 in the loading zone and
the storage zone respectively. More specifically, shifting
unit 84 includes a pair of like dog camming plates 84a
and 84b rigidly interconnected by a lower cross plate
84c and mounted on a plurality of four vertical guide
bolts 88 by a plurality of outwardly projecting orificed
bosses 84d. Flanges 84f cooperate with cams 78. Mem-
bers 84q through 84d and 84f are rigidly interconnected
so that they move as a unit. The bosses 84d rest upon
coil springs 90 around the rods or bolts 88 so that these
members are biased upwardly so that plates 84a and
84b are in the upwardly projecting position shown gen-
erally in FIGS. 5 and 8. Lowering of unit 84 is achieved
by depression of cams 78 against the bias of these coil
springs 99. Normally, in the absence of a platform in the
loading zone, cams 78 are spaced above the outwardly
projecting following plates 84f of unit 84 in the manner
illustrated in FIGS. 6 and 8. When an unloaded platform
partially depresses track section 12a as described above,
cams 78 are brought down to engage flanges 84f, but do
not yet depress them.

The lower dog shifting unit 86 that projects down into
the end of the platform storage zone is mounted some-
what independently from the upper dog shifting unit
84. More specifically, this lower unit includes a pair of
depending horizontally projecting cam plates 86a and
86b which are rigidly interconnected by an upper cross
plate 86¢ includes a pair of outwardly projecting flanges
864 which vertically slidably mount unit 86 on four
separate slide bolts 108 so that this unit 86 is freely
movable up and down on these bolts without any biasing
spring. The force of gravity allows unit 86 to drop when
the cam elements 80 beneath flanges 86d drop. These drop
when an unloaded carrier enters the loading zone and
partially depresses track section 12a as described above.

The principle of operation of this unit and control sub-
assembly is to cause camming elements 80 to drop a first
predetermined distance when the unloaded platform en-
ters the loading zone, as described above (FIG. 5), and
then subsequently, when a load is placed upon the plat-
form, it causes track section 124 to drop further against
the bias of spring 69 (FIG. 5), until track section 12a
and track section 12 are aligned, to cause upper cams
78 to depress the upper control unit 84. The first shift pre-
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vents unloaded storage platforms from moving up to
the loading zone when one unloaded platform has reached
the loading zone. The second shift releases the loaded
platform from the loading zone to travel along the con-
veyor. )

More specifically, referring to FIG. 5, as platform 24D
moves into the loading zone, its front rollers depress track
section 12a to shift the linkage and cause cams 80 to
drop, allowing the lower control unit 86 to drop to place
plates 86a and 864 in the path of dogs passing through
the storage zone. This causes the cam follower rollers
325 on the dogs to be biased upwardly to prevent the dogs
from engaging the foremost platform in the storage zone.
This can be seen from FIG. 10 wherein the plates 864
and 86b have been lowered from the phantom line posi-
tion to the solid line position. Thus, once an unloaded
platform is positioned at the loading zone, no further plat-
forms will be taken from the storage zone to the loading
zone until the platform in the loading zone is removed.
The mere presence of an unloaded platform in the load-
ing zone, however, does not cause depression and lower-
ing of the upper unit 84 (FIG. 8) until the platform is
loaded. Upon the placing of a load on platform 24D in
the loading zone, spring 6@ will be depressed further un-
der the weight of the load, to cause the linkage to be fur-
ther actuated, thereby causing the upper cam 78 to de-
press unit 84 against the bias of springs 99 to lower plates
84a and 84b. Referring to FIG. 10 for example, the plates
84a and 84b are lowered from the solid line position to
the phantom line position, to prevent plates 844 and 845
from depressing the dogs out of engagement with plat-
form 244. Thus, the next dog passing through after the
load is applied to platform 244 will engage the platform
and advance it out of the loading zone and along the
conveyor to the unloading zone. As soon as the platform
moves out of the loading zone, track 124 springs up to its
initial position shown in FIG. 5, under the bias of springs
60, so that the control means 50 is allowed to revert back
to its raised position with cams 80 raising plates 86a and
86b. Referring again to FIG. 10, when plates 86a and 865
move to the phantom line position, the next dog passing
through the storage zone will engage the foremost plat-
form to advance it up to the loading zone, at which time
the entire explained sequence will be repeated.

When the loaded platform enters unloading- zone 20,
the control means 52 comes into play. More specifically,
referring to FIGS. 11, 12 and 13, control means 52 in-
cludes a pair of interconnected vertically shiftable dog
shifting elements 1104 and 110» shiftable from a low-
ered position (FIGS. 11 and 12) (which they maintain
when no carrier is present or when an unloaded carrier
is present), to a raised position which they assume when
a loaded carrier is present (FIG. 13). In the lowered
Dposition of these elements 118z and 1105 (FIG. 14),
dogs 32 can continue to pull the unloaded platforms past
the unloading zone and back to the storage zone on the
lower run of the conveyor. Thus, for example, referring
to FIG. 12, unloaded platform 245 being towed along
by a dog (not visible) attached to chain 30 will pull the
platform through the unloading zone and around the bend.
When the platform is loaded however, as in FIG. 13, as
with a pallet P having a load thereon, the weight of the
load causes a control function to occur. More specifically,
the track section 12¢ in this unloading zone, being pivot-
ally mounted at 12f so that the downstream end, can be
depressed downwardly under the load weight (FIG. 12)
against the bias of spring 160, to cause the transverse bar
140 attached to these track sections to also pivot down-
wardly. Affixed to this bar is a depending leg 142 having
its lower end pivotally mounted to a link 144 (FIG. 12).
This link is pivotally affixed near one end but inter-
mediate its ends to a fixed pivot member 146 attached to
rigid bar 148. Thus, downward shifting of bar 140 and
leg 142 causes upward shifting of the opposite end of link
144, to shift elements 110z and 1105 upwardly, so that
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the dog pulling this platform 24b is biased downwardly
to a release position as can be visualized from FIG. 14.
Subsequent dogs passing the loaded platform will also be
biased downwardly so as not to pick up the platform
until the load is relieved. The structure is also preferably
formed so that the guide member 150 that guides the
rollers of platform around the bend forms a Dpositive stop
when the track section is pivoted downwardly, as shown
in FIG. 13. This prevents any possibility of the platform
gravitating around the bend to dump the load on the floor.
When the load is removed, the elements 1102 and 1105
will drop down to the inactive position to allow the next
dog to pick up the platform for advancement to the stor-
age zone,

It will thus be observed that the control means is com-
pletely responsive to the presence and condition of the
articulated captive platforms. In fact, the system provides
its own complete control by simple mechanism. There-
fore, an entire series of platforms can be mounted on the
conveyor, with individual platforms being removed from
the storage zone to the loading zone as needed, and with
individual platforms being advanced from the loading
zone when loaded, to the unloading zone, where they are
stopped. Further, it will be realized that if two or more
platforms accumulate in the storage zone, the dogs will
be automatically depressed by the platforms immediately
upstream of the engagement position of the succeeding
platform so that the dogs will not advance another plat-
form until controlled to do so. Also, if more than one
platform becomes loaded and passes to the unloading
zone but is not yet unloaded, the dogs will be antomatical-
ly biased by the leading platforms to cause the loaded
platforms to accumulate on the upper. run of the con-
veyor. Therefore, the conveyor system provides complete
control. ) . :

Preferably, the mechanical type of mechanism like
the one form of mechanical control shown is employed.
Alternatively, an electrical control system like that-shown
schematically in FIG. 15 may be employed. In this as-
sembly 200, the conveyor likewise includes the tracks and
platforms of the type illustrated -previously. In such an
assembly, the camming plates 184 and 186 for the load-
ing zone and storage zone respectively can be actuated
through suitable Iimit switches. Specifically, as a plat-
form approaches the loading zone, it is released from the
driving dog by camming plates 184. After the platform’
is loaded, it depresses limit switch 250 to activate sole-
noid 252 or some other power means, which shifts the
camming plates 184 to an inactive position, allowing the
next dog on the chain to pick up the platform and advance
it to the unloading zone. As the loaded platform ad-
vances, it trips another limit switch 260 which trips sole-
noid 262 to shift camming plates 86 to inactive position,
to allow a dog to engage the foremost platform and ad-
vance it from the storage zone to the loading zone. As
this platform moves out of the storage zone to the load--
ing. zone, it trips a limit switch 270 which again actuates
solenoid 262 to place camming plates 186 in a dog shift-
ing position. Therefore, only one unloaded platform will
be advanced from the storage zone at a time until sole-
noid 262 'is again actuated by limit switch 260. As the
loaded platform moves to the unloading zone and de-
presses track section 212e, this track section trips limit
switch 280, which operate solenoid 282 for camming
plates 210, to cause the dogs to release from the loaded
platform wuntil it is unloaded. At that time, the limit
switch will be relieved by biasing of the track section
upwardly again.

Conceivably pneumatic controls could be employed in-
stead of the electrical controls described, or the mechani-
cal controls described in detail hereinabove. Because of
these factors, it is believed that the invention, in its broad-
est form, is not to be specifically limited to the preferred
mechanical form of mechanjsm described, but only by
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the scope of the appended claims and the reasonable
equivalents thereto.

I claim:

1. A conveyor system comprising: recirculatory con-
veyor track means including an upper run and a lower
run connected by return bends; a plurality of captive,
loadable, recirculatory platforms mounted on said track
means to move therealong, each of said captive platforms
being articulated along its length to traverse said return
bends; propelling means along said track means includ-
ing platform engaging means engageable and disengage-
able with said articulated platforms; and engagement con-
trol means operably associated with said platform engag-
ing means and said platforms to selectively advance in-
dividual platforms along said track means.

2. A conveyor system comprising: recirculatory con-
veyor track means; a plurality of recirculatory platforms
captively mounted on said track means, said conveyor
system including at least one platform loading zone, at
least one platform unloading zone, and at least one plat-
form storage zone, sequentially located in that order; said
conveyor including platform propelling means having
platform engaging dogs engageable with and disengage-
able from said platforms; and control means to cause dog
engagement with a platform at said loading zone when
such platform is loaded, to cause dog disengagement with
a loaded platform at said unloading zone until such plat-
form is unloaded, to cause dog engagement with a plat-
form at said unloading zone when such platform becomes
unloaded to move it to said storage zone, and to cause
dog engagement of an unloaded platform at said storage
zone upon engagement of a dog with a loaded platform
at said loading zome, to replace the loaded platform in
said loading zone with an unloaded platform.

3. An accumulator platform conveyor system for pal-
lets and the like comprising: recirculatory conveyor track
means forming an upper conveyance run and a lower re-
turn run connected by return bends; a plurality of pallet
conveying platforms mounted in captivity on said track
means; each of said platforms being articulated to form
a loadable platform on said upper run and to traverse
said return bends; platform propelling means along said
conveyor system, including platform engaging dogs en-
gageable with and disengageable from said platforms; said
conveyor system including at least one platform loading
zone and at least one platform storage zome; control
means cooperative with said loading zone to cause dog
engagement with a loaded platform at said loading zone
to advance it therefrom, and cooperative with said storage
zone to cause dog engagement with an unloaded platform
at said storage zone with advancement of said loaded
platform from said loading zone; and said dogs being co-
operative with platforms immediately ahead thereof to
disengage an engaged platform when at least two of said
platforms have accumulated.

4. The conveyor system in claim 1 including a loading
zone, and wherein said control means includes weight re-
sponsive means at said loading zone responsive to a
loaded platform and operably associated with said plat-
form engaging means to cause engagement of said en-
gaging means with such loaded platform.
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5. The conveyor system in claim 2 wherein said control
means includes weight responsive dog shifting means at
said loading zone respomsive to a loaded platform to en-
able dog engagement with the loaded platform.

6. The conveyor system in claim 1 including a platform
loading zone and a platform storage zOme; said control
means includes platform responsive means at said loading
zone and actuating means at said storage zone capable
of controlling platform engagement by said engaging
means, and said platform responsive means is operably
associated with said actuating means to prevent the en-
gaging means from propellably engaging a platform in
said storage zone for advancement thereof to said load-
ing zone while another platform is present at said loading
zone.

7. The conveyor system in claim & wherein said plat-
form engaging means is cooperative with a platform im-
mediately ahead of a platform engaged by said engaging
means in a manner to release the engaged platform and
leave the platforms in an accumulated condition.

8. The conveyor system in claim 7 wherein said en-
gaging means comprises a plurality of independent shift-
able dogs biased into engagement with said platforms and
including cam follower means engageable with said plat-
form immediately ahead thereof to shift the dog out of
engaging position.

9. The conveyor system in claim 2 wherein said con-
trol means includes weight responsive dog shifting means
at said unloading zone responsive to a loaded platform to
shift the engaged dog and subsequent dogs out of engage-
ment therewith until said loaded platform is unloaded.

10. The conveyor system in claim 3 wherein said stor-
age zone is on said return run and said loading zone is
on said upper run, said coatrol means includes dog
shifting means at said storage zone and at said loading
zone and includes actuating means at said loading zone;
said actuating means being responsive to the presence of
an unloaded platform at said loading zone and operably
connected to said shifting means at said storage zone to
prevent operative engagement of a dog with a platform at
said storage zone to advance it to said loading zone, and
said actuating means being responsive to the presence of
a loaded platform at said loading zone and operably con-
nected to said shifting means at said loading zone to allow
operative dog engagement with said loaded platform to
advance it along said upper run.

References Cited
UNITED STATES PATENTS

1,492,178  4/1924 Nicholas ——oceeme- 198—34 X
1,516,049 11/1924 TLuestscher —_ - 198—39 X
2,787,364  4/1957 Beck — oo 198—34
3,117,668 1/1964 Weiheetal. .. 198—181
FOREIGN PATENTS
960,103  3/1957 Germany.
973,322 1/1960 Germany.

EVON C. BLUNK, Primary Examiner.
M. L. ATEMAN, Assistant Examiner.



	Page 1 - Drawings
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Bibliography/Abstract/Description
	Page 7 - Description
	Page 8 - Description
	Page 9 - Description/Claims

