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(57) ABSTRACT 

Adevice for transporting cartridges comprises a housing for 
holding a plurality of cartridges in a temperature controlled 
environment. A transport system is also provided and has a 
grasping mechanism for grasping one of the cartridges. The 
transport system is further used to remove the cartridge from 
the housing and to place the cartridge into a scanner. 
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CARTRIDGE LOADER AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part applica 
tion of and claims the bene?t from US. Provisional Patent 
Application No. 60/217,246, ?led Jul. 10, 2000, the com 
plete disclosure of Which is herein incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to the ?eld of 
automation, and in particular to the use of automated equip 
ment to transfer items. More speci?cally, the invention 
relates to the automated transfer of array cartridges into and 
out of an imaging apparatus. 

[0003] 1. Polymer Arrays 

[0004] Methods for using arrays of polymers to identify 
receptors With speci?c af?nities for one of the polymers in 
the array are knoWn. For eXample, one method uses immo 
biliZed antibodies to analyZe binding to peptide ligands or 
vice-versa. Another type of method uses immobilized oli 
gonucleotides to analyZe hybridiZation to a target nucleic 
acid. For instance, US. patent application Ser. No. 08/624, 
312, ?led Mar. 26, 1996, the complete disclosure of Which 
is herein incorporated by reference, describes apparatus and 
methods for carrying out repeated hybridiZations of a target 
nucleic acid to an array of nucleic acid probes. Such polymer 
arrays are described in, e.g., US. Pat. No. 5,143,854 and 
published PCT Application Nos. WO90/15070 and WO92/ 
10092, the complete disclosures of Which are herein incor 
porated by reference. These polymer arrays are nucleic acid 
arrays Which include a plurality of different polynucleotides 
coupled to a substrate in different knoWn locations. 

[0005] In one eXemplary arrangement, such arrays are 
packaged Within a housing or cartridge, like those described 
in, e.g., US. Pat. No. 5,945,334, and in copending US. 
patent application Ser. Nos. 08/624,312, previously incor 
porated by reference, 08/528,173, ?led Sep. 19, 1995, and 
published PCT Application No. WO95/33846. The disclo 
sures of all of these references are herein incorporated by 
reference. In brief, such a cartridge may be constructed of a 
body having a reaction cavity or hybridiZation chamber. The 
array or substrate is mounted over the cavity on the body 
such that the front side of the array substrate, e.g., the side 
upon Which the polynucleotides are situated, is in ?uid 
communication With the cavity. The cartridge includes inlet 
and outlet ports to alloW various ?uids to be introduced into 
and removed from the hybridiZation chamber. 

[0006] 2. Imaging 

[0007] Imaging the polymer arrays may be accomplished, 
for eXample, by placing the cartridges into a scanning 
device, such as the GeneArray scanner, available from 
AffymetriX, Inc. Techniques for imaging polymer arrays are 
described in US. Pat. Nos. 5,834,758 and 5,578,832, the 
complete disclosures of Which are herein incorporated by 
reference. 

[0008] In many cases, it is desirable to maintain the 
cartridges in a temperature controlled environment. Hence, 
a need eXists for equipment and techniques to transfer 
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cartridges from a temperature controlled environment for 
placement into the scanner in an organiZed and ef?cient 
manner, and for the return of the cartridges to the tempera 
ture controlled environment folloWing imaging. Hence, the 
invention is related to apparatus and methods to facilitate 
imaging of array cartridges in such a manner. 

SUMMARY OF THE INVENTION 

[0009] In one embodiment, a device for transporting car 
tridges comprises a housing for holding a plurality of 
cartridges in a temperature controlled environment. The 
device further includes a transport system having a grasping 
mechanism to grasp one of the cartridges, to remove the 
cartridge from the housing and to place the cartridge into a 
scanner. In this Way, each cartridge remains Within a tem 
perature controlled environment until ready for scanning. At 
such time, the transport system is employed to remove the 
cartridge from the housing and to place the removed car 
tridge into the scanner. 

[0010] In one aspect, the device further includes a heating 
station for heating a cartridge (to prevent fogging) prior to 
insertion into the scanner. As such, the grasping mechanism 
may be con?gured to place the grasped cartridge at the 
heating station prior to placement into the scanner. In one 
speci?c aspect, the heating station may include a fan that is 
disposed to bloW ambient air onto the cartridge to heat the 
cartridge. 

[0011] In another aspect, the device may also include a 
holding station to hold a cartridge after being removed from 
the scanner. In this Way, a cartridge that is removed from the 
scanner may be positioned near the scanner during a cycle 
Where another cartridge is removed from the heating station 
and placed into the scanner. The cartridge that is held in the 
holding station may then be placed back into the housing. In 
this manner, the throughput of the device may be increased 
by reducing the amount of travel by the grasping system 
While the scanner is idle, i.e. aWaiting a neW cartridge. 

[0012] Conveniently, a rack system may be rotatably dis 
posed Within the housing and may include a plurality of 
racks for holding the cartridges. In one aspect, a plurality of 
carriers may be provided, With each carrier holding multiple 
cartridges. In this Way, a carrier of cartridges may conve 
niently be placed into the housing and coupled to the rack 
system simply by inserting the carrier into one of the racks. 
Conveniently, a belt may be coupled to the rack system, and 
a motor may be used to rotate the belt, thereby rotating the 
rack system. By rotating the rack system, one or more 
carriers may be aligned With an opening in the housing to 
facilitate removal of the cartridges. In a particular aspect, the 
carriers may each have a bottom end and an open top end, 
and a plurality of slots for receiving the cartridges in a 
parallel arrangement. When inserted into the slots, the 
cartridges eXtend above the top ends of the carriers to 
facilitate easy gasping and removal from the carriers. Fur 
ther, the rack system may be con?gured to maintain the top 
ends of the carriers generally horiZontal during rotation. In 
this Way, the cartridges Will not fall out of the carriers When 
rotated Within the housing. Such a feature may be accom 
plished by use of belts that maintain alignment of the 
individual racks during rotation by the motor. 

[0013] In another aspect, the device may include a barcode 
reader that is disposed Within the housing. In this Way, 
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barcode labels on the cartridges may be read as they are 
removed from and/or placed into the housing. In one aspect, 
the grasping mechanism comprises a pair of ?ngers that are 
movable toWard and aWay from each other to grasp and 
release the cartridges. In still another aspect, the transport 
system may comprise a horiZontal lead screW and a ?rst 
motor to rotate the horiZontal lead screW. With such a 

con?guration, the grasping mechanism may be coupled to 
the horiZontal lead screW such that rotation of the lead screW 
translates the grasping mechanism horiZontally. Further, a 
vertical lead screW may be provided along With a second 
motor to rotate the vertical lead screW. The grasping mecha 
nism may be coupled to the vertical lead screW such that 
rotation of the lead screW translates the grasping mechanism 
vertically. Acontroller may then be employed to operate the 
motors and the grasping mechanism When transporting the 
cartridges. Conveniently, the housing may include a lid, and 
an electric motor may be used to open the lid, such as When 
receiving a signal from the controller. In this Way, the 
housing may remain closed until a cartridge is removed from 
or placed into the housing. Alternatively, the lid may be slid 
open and closed by some interaction of the horiZontal 
travelling system and the lid, i.e. the interaction could push 
the lid to the side. 

[0014] The invention further provides an alignment 
mechanism for aligning a scanner With transporting device, 
such as the transporting device just described. The alignment 
mechanism comprises a clamping plate that may be clamped 
to a portion of the scanner. For eXample, the alignment 
mechanism may be clamped to a pair of feet on the bottom 
of the scanner. An adjustment plate is slidably coupled to the 
clamping plate and has at least one connector that may be 
connected to the transporting device, thereby coupling the 
scanner to the transporting device. An alignment ?Xture is 
removably coupled to the adjustment plate and includes an 
arm that is adapted to be aligned With an entry port of the 
scanner. In this Way, the scanner may be moved relative to 
the transport device until the alignment ?Xture is aligned 
With the entry port. A securing mechanism may then be 
operated to secure the adjustment plate to the clamping 
plate, thereby ?Xing the position of the scanner relative to 
the transporting device. The alignment ?Xture may then be 
removed from the adjustment plate. Alternatively, the trans 
porting device and the scanner may be aligned Without the 
use of an alignment mechanism. Hence, the invention is not 
intended to be limited for use only With an alignment 
mechanism. 

[0015] The invention further provides a method for trans 
porting cartridges. According to the method, a plurality of 
cartridges are placed into a temperature controlled housing. 
One of the cartridges is grasped and removed from the 
housing With a grasping mechanism, moved to the scanner 
and then placed into the scanner. The grasping mechanism is 
then opened to deposit the cartridge into the scanner. 

[0016] In one step, the cartridges are rotated Within the 
housing to align groups of the cartridges With an opening in 
the housing to facilitate removal of the cartridges. In another 
step, each cartridge is placed in a Warming station prior to 
being deposited into the scanner. For eXample, ambient air 
may be bloWn onto the cartridge to Warm the cartridge and 
preventing fogging of the cartridge When Within the scanner. 
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After scanning, the cartridge is removed from the scanner 
and placed back into the housing, and another cartridge is 
placed into the scanner. 

[0017] In an alternative aspect, to increase throughput the 
cartridge may be placed in a holding station after removal of 
the cartridge from the scanner. For eXample, one cartridge 
may be placed into the scanner prior to replacing a removed 
cartridge that is held Within the holding station back into the 
housing. In this Way, the grasping mechanism may return to 
the Warming station to ?nd a neW cartridge for the scanner 
after removing a cartridge from the scanner. The grasping 
mechanism may then deposit the neW cartridge into the 
scanner and return the cartridge that is held at the holding 
station back to the housing. While at the housing, another 
cartridge may then be removed and placed into the Warming 
station to complete the cycle. In this Way, the amount of 
travel of the grasping mechanism is minimiZed While the 
scanner is sitting idle, i.e. aWaiting another cartridge, to 
increase throughput. 

[0018] In another step, a barcode label on the cartridge 
may be read upon removal of the cartridge from the housing 
to keep track of Which cartridges have been removed and 
scanned. In yet another step, the housing is aligned With the 
scanner and the housing is secured to the scanner prior to 
use. 

[0019] In an alternative embodiment, a method for trans 
porting cartridges comprises placing a plurality of cartridges 
into a carrier such that the cartridges extend above the 
carrier. One of the cartridges is removed from the carrier 
With a grasping mechanism and is moved to the scanner. The 
cartridge is placed into the scanner, and the grasping mecha 
nism is released to deposit the cartridge into the scanner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a front vieW of one embodiment of a 
cartridge. 
[0021] FIG. 2 is a side vieW of the cartridge of FIG. 1. 

[0022] FIG. 3 is an end vieW of the cartridge of FIG. 1. 

[0023] FIG. 4 is a rear vieW of the cartridge of FIG. 1. 

[0024] FIG. 5 is a top vieW of a carrier shoWn holding a 
plurality of cartridges according to the invention. 

[0025] FIG. 6 is a partially cut aWay side vieW of the 
carrier and cartridges of FIG. 5. 

[0026] FIG. 7 is an end vieW of the carrier and cartridges 
of FIG. 5. 

[0027] FIG. 8 is a cross sectional end vieW of the carrier 
of FIG. 5. 

[0028] FIG. 9 is a cross sectional side vieW of the carrier 
of FIG. 5. 

[0029] FIG. 10 is a partial top perspective vieW of a 
scanner and an alignment mechanism that is coupled to the 
scanner according to the invention. 

[0030] FIG. 11 is a bottom perspective vieW of the scanner 
and alignment mechanism of FIG. 10. 

[0031] FIG. 12 is a top perspective vieW of a clamping 
plate and an adjustment plate of the alignment mechanism of 
FIG. 10. 
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[0032] FIG. 13 is a top perspective vieW of a cartridge 
transporting device that is coupled to the scanner of FIG. 10 
according to the invention. 

[0033] FIG. 14 is a perspective vieW of a rack system of 
the transporting device of FIG. 13. 

[0034] FIG. 15 is an partial end vieW of the rack system 
of FIG. 14 shoWing a pair of belts employed to rotate the 
racks. 

[0035] FIG. 16 illustrates the rack system of FIG. 15 With 
a single belt arrangement. 

[0036] FIG. 17 is a perspective vieW of a grasping mecha 
nism and vertical lead screW of the device of FIG. 13. 

[0037] FIG. 18 is a perspective vieW of the grasping 
mechanism and vertical lead screW of FIG. 17 along With a 
horiZontal lead screW. 

[0038] FIG. 19A is a perspective vieW of a scanner having 
an alternative cartridge transporting device according to the 
invention. 

[0039] FIG. 19B is a more detailed rear perspective vieW 
of the scanner of FIG. 19A. 

[0040] FIG. 20 is a top vieW of the scanner and transport 
ing device of FIG. 19. 

[0041] FIG. 21 is a front vieW of the scanner and trans 
porting device of FIG. 19. 

[0042] FIG. 22 is an end vieW of the scanner and trans 
porting device of FIG. 19. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0043] The invention provides for the transport of car 
tridges into an imaging device or scanner Where the probe 
arrays are imaged. The invention may be used With essen 
tially any type of imaging device or scanner Where car 
tridges are inserted and processed. Conveniently, such scan 
ners may utiliZe the imaging techniques described in US. 
Pat. Nos. 5,834,758 and 5,578,832, previously incorporated 
by reference, When imaging the probe arrays. HoWever, the 
invention may be utiliZed With other types of scanners as 
Well. 

[0044] The cartridges used With the invention may be 
utiliZed in performing a variety of procedures, including, for 
example, hybridiZation reactions and, more speci?cally, 
nucleic acid hybridiZations, extension or ampli?cation reac 
tions using tethered probes as template or primer sequences, 
screening of receptors against arrays of small molecules, 
peptides or peptideomimetics, carbohydrates, and the like. 
Cartridges suitable for performing such procedures are 
described in US. Pat. No. 5,945,334 and in co-pending US. 
application Ser. Nos. 08/624,312 and 08/528,173 and PCT 
Application No. WO95/33846, previously incorporated 
herein by reference. HoWever, it Will be appreciated that the 
invention is not intended to be limited to only these speci?c 
types of cartridges. 

[0045] Referring noW to FIGS. 1-4, one embodiment of a 
cartridge 10 that may be inserted into a scanner Will be 
described. Cartridge 10 includes a chamber 12 containing a 
?uid. Cartridge 10 further includes a front 14, a rear 16, and 
a cavity 12 Which is de?ned in part by a generally planar face 
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18. Positioned across cavity 12 is an array chip (not shoWn). 
When the array chip is positioned over cavity 12, a hybrid 
iZation chamber is formed. The hybridiZation chamber is 
generally rectangular or square in geometry and has a 
narroW depth as de?ned by the distance betWeen planar face 
18 and the array chip. Extending betWeen face 18 and the 
array chip are sides that intersect With each other to form 
corners and Which further de?ne the chamber. In one speci?c 
embodiment, the distance betWeen face 18 and the array chip 
may be in the range from about 0.5 mm to about 2.0 mm. 
Further, face 18 may have a length of about 5 mm to about 
15 mm and a Width of about 5 mm to about 15 mm. An inlet 
port 20 and an outlet port 22 are included in rear 16 to alloW 
various ?uids to be introduced into and removed from the 
hybridiZation chamber. Rear 16 further includes a cavity 24, 
located adjacent the array, Which is adapted for receiving a 
temperature monitoring and/or controlling device. 

[0046] Cartridge 10 includes a pair of sides 26 and 28, a 
top 30 and a bottom 32. Extending from side 28 is an edge 
34 that permits insertion of cartridge 10 into a carrier in only 
one orientation as described hereinafter. 

[0047] Referring noW to FIGS. 5-9, an embodiment of a 
carrier 36 that may be used to hold a plurality of cartridges 
Will be described. For convenience of illustration, FIGS. 5-7 
illustrate carrier 36 holding a plurality of cartridges 10 that 
are identical to those just described. Carrier 36 comprises a 
carrier body 38 having a bottom 40, four sides 42, 44, 46 and 
48, and a top 50. Extending from the sides is a projection 52 
to facilitate coupling of carrier to a rotation device as 
described hereinafter. Conveniently, projection 52 may be 
oversiZed at side 44 to serve as a handle When inserting and 
removing carrier from other equipment. Further, carrier 36 
may include a pair of knobs 54 and 56 to facilitate locking 
of carrier 36 Within other equipment. 

[0048] As best shoWn in FIG. 8, a plurality of Walls 58 
extend betWeen sides 44 and 48. As shoWn in FIG. 5, Walls 
58 de?ne pairs of grooves 60 and 62 into Which cartridges 
10 are inserted. Grooves 60 de?ne a generally straight 
channel, While grooves 62 include a keyed notch 64 (see also 
FIG. 9). Carrier 10 is con?gured such that cartridges 10 may 
be received in only one speci?c orientation. More speci? 
cally, edge 34 may be received only Within notch 64, and 
only When front 14 is parallel With side 42. In this Way, sides 
26 are received into grooves 60, sides 28 are received into 
grooves 62, and tops 30 of cartridges 10 extend above top 50 
of carrier 36, With cartridges 10 each facing the same 
direction. In this Way, the cartridges 10 Will be in the same 
orientation When removed from carrier 36. In this manner, 
the cartridges may include a barcode label that is scanned 
With a ?xed barcode reader after removal from carrier 36. 

[0049] FIG. 10 illustrates one embodiment of a scanner 70 
that is employed to image probe arrays contained in car 
tridges, such as cartridge 10 as previously described. Scan 
ner 70 has a top end 72 and a bottom end 74. Top end 72 
includes an entry port 76 into Which array cartridges are 
placed in order to scan the cartridges. Conveniently, scanner 
10 may be constructed in a manner similar to a GeneArray 
scanner, manufactured by HeWlett-Packard, and available 
from Affymetrix, Inc. Such a scanner is constructed such that 
excessive Weight placed on top end 72 may compromise the 
alignment of the scanner. Accordingly, the invention pro 
vides a cartridge transport device that may be coupled to 
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scanner 70 and employed to transfer cartridges into entry 
port 76 Without placing Weight onto top end 72 as described 
in greater detail hereinafter. 

[0050] As also shoWn in FIG. 11, an alignment mecha 
nism 78 is coupled to scanner 70 and serves to couple a 
cartridge transport device to scanner 70 in an aligned 
con?guration. Conveniently, alignment mechanism 78 is 
constructed to be attached to a pair of feet 80 and 82 on 
bottom end 74 of scanner 70. In this Way, alignment mecha 
nism 78 may be coupled to scanner Without posing a threat 
of damage to the scanner. 

[0051] Alignment mechanism 78 comprises a clamping 
plate 84, an adjustment plate 86, and an alignment ?xture 88. 
Clamping plate 84 and adjustment plate 86 are also illus 
trated in FIG. 12. Clamping plate 84 includes a ?xed arm 90 
and a moveable arm 92. Fixed arm 90 is con?gured to be 
placed about foot 82 While moveable arm 92 may be moved 
outWardly and manipulated to be placed around foot 80 as 
shoWn in FIG. 11. When properly positioned, a screW 94 is 
tightened to lock clamping plate 84 to feet 80 and 82. 

[0052] Adjustment plate 86 is coupled to clamping plate 
84 so as to permit adjustment plate 86 to be moved relative 
to clamping plate 84. More speci?cally, a pair of tightening 
screWs 96 and 98 are provided to secure clamping plate 84 
to adjustment plate 86. ScreWs 96 and 98 are screWed into 
blocks 87 and 89 (see FIG. 11). Blocks 87 and 89 may travel 
in plate 84 in both a back and forth manner, fore and aft and 
permit a slight degree of yaW of plate 86 relative to plate 84. 
Adjustment plate 86 further includes a pair of slots 100 and 
102 Which serve a dual function. As shoWn in FIGS. 10 and 
11, slots 100 and 102 permit alignment ?xture 88 to be 
coupled to adjustment plate 86. In this Way, after clamping 
plate 84 is secured to scanner 70, adjustment plate 86 may 
be moved to properly position an arm 104 of alignment 
?xture 88 With entry port 76. When properly aligned, screWs 
96 and 98 are tightened and alignment ?xture 88 is removed 
from adjustment plate 86. A cartridge transport device may 
then be secured to slots 100 and 102 to securely couple the 
cartridge transport device With scanner 70. Moreover, by 
previously aligning arm 104 of alignment ?xture 88 With 
entry port 76, the cartridge transport device Will be properly 
aligned With scanner 70 so that cartridges may properly be 
inserted into and removed from entry port 76 as described 
hereinafter. Hence, alignment mechanism 78 provides a 
convenient Way to couple a cartridge transport device to 
scanner 70 Without interfering With the operation of scanner 
70 or compromising the alignment of scanner 70. 

[0053] Referring noW to FIG. 13, a cartridge transport 
device 106 is shoWn coupled to scanner 70. For convenience 
of illustration, alignment mechanism 78 is not shoWn in 
FIG. 13. HoWever, it Will be appreciated that in operation, 
clamping plate 84 and adjustment plate 86 Will be employed 
to couple scanner 70 to cartridge transport device 106 as just 
described. 

[0054] Transport device 106 comprises a base 107 that 
may be coupled to adjustment plate 86 simply by sliding 
base 107 over adjustment plate 86. Transport device 106 
further comprises a housing 108 that de?nes an interior 110. 
Housing 108 is constructed of an insulating material, such as 
styrofoam, to help maintain a temperature controlled envi 
ronment Within interior 110. Hidden from vieW is a thermal 
Peltier cooling device to provide a chilled environment 
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Within interior 110. Merely by Way of example, interior 110 
may be maintained at a temperature in the range from about 
5° C. to about 25° C., and more preferably at about 15° C. 
Also hidden from vieW is a fan that is disposed Within 
interior 110 to circulate air Within interior 110 to maintain a 
generally constant temperature throughout interior 110. 

[0055] Disposed Within interior 110 is a rack system 112 
that is con?gured to hold a plurality of carriers Which each 
include multiple cartridges as described hereinafter. Conve 
niently, an opening 114 is provided in housing 108 to 
facilitate insertion and removal of the carriers. Although not 
shoWn, a cover Will be placed over opening 114 When in use 
to maintain the temperature controlled environment Within 
interior 110. Housing 108 further includes a top opening 116 
to provide access into interior 110 When removing individual 
cartridges for scanning as described hereinafter. 

[0056] Referring to FIG. 14, operation of rack system 112 
Will be described in greater detail. Rack system 112 is 
constructed of a rotatable drum 118 having a pair of annular 
extensions 120 and 122. Aplurality of racks 124 are pivot 
ally coupled betWeen annular extensions 120 and 122. 
Further, a shaft 126 is employed to rotate drum 118. As drum 
118 rotates, racks 124 pivot relative to extensions 120 and 
122 to remain generally horiZontal at all times. 

[0057] Each rack 124 comprises a pair of arms 128 and 
130. Arm 128 includes a hole 132 and arm 130 includes a 
hole 134. Each rack 124 is con?gured to hold a carrier 36 as 
previously described in connection With FIGS. 5-9. Holes 
132 and 134 are offset and are con?gured to receive knobs 
54 and 56 of carrier 36 When carrier 36 is inserted betWeen 
arms 128 and 130. In this Way, racks 124 are keyed so that 
carriers 36 may be inserted and held in only one orientation, 
thereby ensuring proper orientation of the cartridges Which 
are held Within carriers 36. Further, by con?guring racks 124 
so that they remain generally horiZontal during rotation of 
drum 118, the top ends of carriers 36 also remain horiZontal. 
In this Way, the cartridges Will not fall out of carriers 36 
during rotation. Further, the cartridges Will be at the proper 
orientation When they are ready to be removed and scanned 
as described hereinafter. 

[0058] Hence, rack system 112 permits multiple cartridges 
to be held Within interior 110 and provides a convenient Way 
to advance the cartridges until they are aligned With opening 
116 Where they Will be retrieved from housing 110 as 
described hereinafter. Further, by using standard carriers, 
multiple sets of cartridges may easily be inserted into 
housing 110 simply by inserting the carriers through opening 
114 in housing 108 and sliding the carriers betWeen arms 
128 and 130 of racks 124 until knobs 54 and 56 ?t into holes 
132 and 134. 

[0059] As also shoWn in FIG. 14, a support 136 is 
employed to properly position rack system 112 Within 
housing 108. Shaft 126 extends through support 136, and a 
motor and belt arrangement (not shoWn) is employed to 
rotate shaft 126. As best shoWn in FIG. 15, a pair of toothed 
belts 138 and 140 are employed to maintain racks 124 
generally horiZontal during rotation of drum 118. Belts 138 
and 140 extend about a plurality of tooth gears 142 that in 
turn are coupled to annular extension 122. Aset of idlers 144 
are also employed to ensure racks 124 remain horiZontal. 
Hence, as drum 118 is rotated, belts 138 and 140 travel about 










