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A Track-Switching Device and Method 

BACKGROUND 

[0001] The present invention relates to tracks for vehicles. More particularly, 

the present invention relates to a track-switching apparatus and a method for 

switching tracks. 

[0002] Since the early twentieth century, controlling the movement of vehicles 

that reside on tracks such as trains, intrafactory cargo vehicles, and amusement 

park rides has lead to important industrial growth and consumer satisfaction. In 

the case of amusement parks, as guests have demanded bigger, better, and 

more elaborate rides, they also require and expect a positive park experience, 

which entails progressively shorter and more rapidly moving lines to enter a ride. 

[0003] One technique to shorten wait times for lines involves increasing the 

throughput of vehicles on a track. The more vehicles that pass a given point on a 

track in a given time interval, the more guests are capable of being served. 

However, in rides that have multiple tracks and require vehicles to switch tracks, 

there exists a lag or delay for the track-switch to take place. Decreasing the 

delay for track-switching increases vehicle throughput, thereby shortening guest 

wait time, and as a consequence, increases guest satisfaction and park profits. 

[0004] In the past, conventional track-switching has been accomplished through 

the use of a pair of linked tapering rails, known as points, disposed between 

diverging outer rails. The points can be moved laterally from one position to 

another to direct a vehicle to a diverging track from a through track through the 
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use of gear boxes, slide bars or motors. For example, USP 5,547,151 employs a 

linear induction rail switch mechanism having at least one linear induction motor 

for transversely thrusting a switch track from a first position to a second position. 

[0005] More current track-switching mechanisms include spring assemblies 

such as that of USP 6,290, 189, which describes a point-operating device for 

pressing a tongue against a stock rail while simultaneously pulling off another 

tongue from an opposite stock rail. The device is formed with at least four 

adjustable vertical spring assemblies, and is meant to prevent tongue hang-up. 

[0006] However, known track-switching devices such as those mentioned 

above typically require a response time that may not meet the desired response 

time in some applications, such as amusement park settings, and are restricted 

to rail applications where the principal wheel assembly rides on a single side of 

the track, and lateral guidance is provided by a flange on the wheel. 

[0007] In modern theme park attractions, such as roller-coasters, it is often 

necessary to have lateral guide wheels and vertical guide wheels on both the 

upper surface (i.e., load wheels) and lower surface (i.e., upstop wheels) of the 

track so that the ride vehicle is fully constrained to the track in all directions (save 

the desired direction of travel). These features substantially limit the utility of the 

aforementioned one-sided track switch assemblies 

[0008] Conventional track switches for theme park attraction applications 

generally comprise configurations that move laterally, rotationally about a vertical 

axis, and rotationally about a longitudinal axis, and involve separate locking and 
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driving mechanisms. The driving mechanisms may be linked to the track switch 

assembly via conventional power transmission features, such as belts, drive 

shafts, chains, and gear trains. As such, the inertia of the drive mechanism and 

the switch assembly is always coupled to the mechanical system, providing 

practical limits to the combined acceleration and positioning accuracy of said 

switch types. Switching mechanisms similar to those discussed above may be 

found in, for example, United States Patent Nos. 4,543,886 to lntamin Inc. and 

6,884, 177 to Vekoma S.p.A. 

[0009] Manufactures have increasingly employed more powerful primary drive 

devices for switches that yield diminishing returns, as the self-inertia of larger and 

larger (e.g., electric) motors presents a first-order effect that defines the 

torque/horsepower/speed rise-time curve, particularly when the physical size and 

packaging of such devices is considered, this last resulting in necessarily causing 

such devices to be remote from the switched device, further increasing inertia 

and attendant switch timing delay. 

[001 O] Accordingly, to date, no suitable apparatus or method for rapid track­

switching is available. 
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Brief Description 

[0011] The present disclosure describes a track switching apparatus and a 

method for switching tracks. 

[0012] In a first embodiment, the invention provides an apparatus for switching 

a vehicle from a first track to a second track. The track-switching device may be 

rotated by a motor, and may comprise a drive axle and a primary axle. The drive 

axle may comprise a barrel located at one end of the drive axle, the barrel having 

a plurality of switch tracks located thereon and a braking assembly connected to 

the drive axle and spaced from the barrel. The primary axle may comprise a 

flywheel and a clutch assembly. The drive axle may then be driven by the 

primary axle upon engagement of the clutch assembly via the motor and the 

flywheel. 

[0013] In a second embodiment, the invention provides a method to switch a 

vehicle from a first track to a second track, the track-switching device being 

rotated by a motor, the method comprising providing a drive axle, providing a 

primary axle, driving the drive axle with the primary axle upon engagement of a 

clutch assembly via the motor and the energy stored in a flywheel and rotating 

the barrel about an axis to align switch tracks with the first tracks and second 

tracks. In this particular embodiment, the drive axle comprises a barrel located at 

one end of the drive axle, the barrel having a plurality of switch tracks located 

4 

efiling
Pencil

efiling
Pencil



WO 2010/077566 PCT/US2009/066691 

thereon and a braking assembly connected to the drive axle and spaced from the 

barrel. The primary axle comprises a flywheel and a clutch assembly. 

[0014] Other features and advantages of the disclosure will become apparent 

by reference to the following description taken in connection with the 

accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Other features and advantages of the disclosure will become apparent 

by ref Reference is now made briefly to the accompanying drawings, in which: 

[0016] Figure 1 is a schematic side-view diagram of a single track-switching 

device having an axially rotating barrel with switch tracks located there on in 

accordance with one embodiment of the invention. 

[0017] Figure 2a is an overhead diagram of the barrel having switch tracks 

located thereon in accordance with an embodiment of the present invention. 

[0018] Figure 2b is a side-view perspective of Figure 2a. 

[0019] Figure 3 is an overhead diagram of a track-switching system showing 

two track switching mechanisms for switching vehicles from a first track to a 

second track in accordance with one embodiment of the invention. 

[0020] Figure 4 is a flow-chart describing a step-wise method in accordance win 

a further embodiment of the present invention. 

[0021] Like reference characters designate identical or corresponding 

components and units throughout the several views, which are not to scale 

unless otherwise indicated. 
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DETAILED DESCRIPTION 

[0022] One embodiment of the present invention involves a track-switching 

device for switching a vehicle from a first track to a second track the track­

switching device comprising a drive axle and a primary axel mechanically 

coupled by a looped belt. The drive axle comprises a barrel located at one end 

of the drive axle, the barrel having a plurality of switch tracks located thereon, 

and a braking assembly connected to the drive axle and spaced from the barrel. 

The primary axle is driven by a motor and comprises a flywheel and a clutch 

assembly, wherein the drive axle is driven by the primary axle via a looped belt, 

the drive axle being configured to rotate about an axis. One particular advantage 

afforded by this invention is the ability increase track-switching speed (i.e., less 

than 2 seconds) thereby increasing vehicle throughput. 

[0023] Specific configurations and arrangements of the claimed invention 

discussed below with reference to the accompanying drawings are for illustrative 

purposes only. Other configurations and arrangements that are within the 

purview of a skilled artisan can be made, used, or sold without departing from the 

spirit and scope of the appended claims. 

[0024] As used herein, an element or function recited in the singular and 

proceeded with the word "a" or "an" should be understood as not excluding plural 

said elements or functions, unless such exclusion is explicitly recited. 

Furthermore, references to "one embodiment" of the claimed invention should not 
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be interpreted as excluding the existence of additional embodiments that also 

incorporate the recited features. 

[0025] Although specific features of various embodiments of the invention may 

be shown in some drawings and not in others, this is for convenience only. In 

accordance with the principles of the invention, the feature(s) of one drawing may 

be combined with any or all of the features in any of the other drawings. 

Moreover, any embodiments disclosed herein are not to be interpreted as the 

only possible embodiments. Rather, modifications and other embodiments are 

intended to be included within the scope of the appended claims. 

[0026] As used herein, the term "first track" refers to a through track that a 

vehicle is located on before reaching the track-switching device, and may also 

refer to the track that the vehicle would continue upon if not switched by the 

track-switching device. As used herein, the term "second track" refers to a 

diverging track the vehicle is switched to after track-switch or the track that 

extends in a different direction than the through track. As used herein, the term 

"switch track" refers to the tracks that are located on the barrel and "switch track 

assembly" includes the tracks and a barrel or similar support or framework 

therefore. As used herein, the term "track" refers to dual rail tracks such as 

standard train track, single rail tracks that guide a vehicle on a fixed path, any 

guided path such as an optical guide means or otherwise and/or any combination 

of the foregoing. The term "barrel" may refer to a cylindrical object but is also 

intended to refer to any geometric shaped support for a track. 
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[0027] Referring now to Figure 1, an exemplary track-switching device 

corresponding to embodiment of the present invention is shown generally at 100. 

The track-switching device is configured for rapid rotational acceleration, and 

provided to quickly and accurately switch a vehicle from a first track to a second 

track. The track-switching device may comprise a barrel 102 having a plurality of 

switch tracks 104 and 106 located thereon. In the exemplary embodiment shown 

in Figure 1, a first straight switch track 104 is located on a side of barrel 102, 

while a second curved switch track is located on an opposite side of barrel 102. 

However, it is to be appreciated that multiple diverse switch tracks may be 

disposed around the circumference of the barrel, and can be commanded to any 

position on its rotational axis. The barrel 102 may be configured to rotate about 

an axis (X), causing at least one of the switch tracks 104 and 106 to be aligned 

with a diverging track (not shown). 

[0028] With further reference to Figure 1, shown is a primary axle 118 which 

comprises a flywheel 120, a transmission 110, clutch assembly 122, a pulley 130 

for a flexible belt 132, and a series of input and output shafts configured to 

produce rotation about an axis. The motor 108 is mechanically coupled to a 

transmission 110 by motor output shaft 112. Connecting the motor output shaft 

112 to the transmission input shaft 114 is universal joint 116. The motor 108 

may be a traditional torque motor capable of producing a rotational force output. 

The transmission 110 is provided, as is known in the art, for a speed-torque 

conversion increasing the torque from the motor to provide a greater rotational 

9 

efiling
Pencil



WO 2010/077566 PCT/US2009/066691 

force to the primary axel 118, and thus a faster and more robust axial rotation. 

The transmission 110 is mechanically coupled to a flywheel 120 via a 

transmission output shaft 124. Connecting the transmission output shaft 124 to 

the flywheel input shaft is a second universal joint 126. Furthermore, a first 

bearing 128 may be integrally connected to the transmission output shaft 124 to 

facilitate constrained relative rotational motion between two components (e.g., 

between the transmission 110 and the flywheel 120). 

[0029] The flywheel 120 is configured to provide flywheel energy storage (FES) 

to the primary shaft. To store sufficient energy, the flywheel 120 preferably has 

an inertia that ranges from about 100 percent to about 1500 percent relative to 

the mass of the barrel 102 and switch tracks 104 and 106. More preferably it 

may range between approximately 400 percent and 800 percent. It will be 

understood that various combinations of flywheel mass and flywheel speeds may 

be employed to attain such an inertial value. When in operation, the motor 

accelerates the flywheel 120 to a high speed and the flywheel functions to retain 

rotational energy (i.e., momentum) which can be employed in the rotation of the 

primary axle 118 and, in turn, drive axle 148 and barrel 102 at rapid speed. The 

flywheel 120 is mechanically coupled to a clutch assembly 122 via a flywheel 

output shaft 132. A second bearing 134 may be integrally connected to the 

flywheel output shaft 132 to, again, facilitate constrained relative rotational 

motion between the flywheel 120 and the clutch 122. 
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[0030] The clutch assembly 122 may comprise forks 136, shoe 138 and shell 

140. The clutch assembly 122 is configured to connect the flywheel output shaft 

132 to the clutch output shaft 142 so that they can either be locked together and 

rotate at the same speed (engaged), or be decoupled and rotate at different 

speeds (disengaged). In this exemplary embodiment, when the clutch is enaged, 

rotational force may be transferred to the clutch output shaft 142. 

[0031] The clutch output shaft 142 is connected to a pulley 144, the pulley 144 

having a looped belt 130 mecahnically coupled thereto. The looped belt 130 is 

further mechanically coupled to a second pulley 146, which is connected to the 

drive shaft 148. The looped belt 130 is configured to efficently trasmit power 

from from the primary shaft 118 to the drive axle 148. Third and forth bearings 

150 and 152 may be integrally connected to the clutch output shaft 142, again, to 

facilitate constrained relative rotational motion between the pulley 144 and the 

clutch assembly 122. The looped belt 130 may be toothed, notched or cogged 

and may further be a flat or chain belt. 

[0032] Referring still to Figure 1, the drive axle 148 comprises a barrel 102 

located at one end of the drive axle 148, and a braking assembly 154 connected 

to the drive axle 148 and spaced from the barrel 102. The braking assembly 

154, as shown, a disc braking system in which a disc 156 is bonded to the drive 

axle 148. Calipers 158 are forced (e.g, hyrdaullicaly, pneumatticaly, 

electromagnetically, spring engaged) against both sides of the disc 156. Friction 

causes the disc and thus the drive alxe to stop, in this case hydraulically via 
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brake fluid supplied by line 160. Although a disc brake mechanism is shown, it is 

to be apprecitated that other braking systems may be applicable in the present 

invention. It is to be further applreciated that fifith, sixth, seventh and eighth 

bearings (162, 164, 166 and 168) may be integrally connected to the drive axle 

148 to, again, facilitate constrained relative rotational motion of the drive axle. 

[0033] In operation, the motor 108 drives the transmission 110, which drives 

and powers the flywheel 120. The flywheel 120, in turn, drives and powers the 

primary axle 118 to rotate the looped belt 130, which, in turn, rotates the drive 

shaft 148 to switch the tracks of a vehicle traveling over the barrel. The brake 

assembly 154 holds the barrel in place, and a latch (not shown) may be actuated 

by the motion of the track switch to engage to lock the drive axle in a 

predetermined position. In further operation, when a switch function command is 

input, the braking assembly 154 engages and the clutch assembly 122 

simultaneously disengages. When a second switch function command is input, 

the clutch assembly 122 is engaged and the braking assembly 154 is 

disengaged. In this embodiment of the present invention, the energy stored in 

the flywheel 120 is immediately and directly available to rotate the barrel 102 and 

facilitate a track switch. 

[0034] In an exemplary embodiment of the present invention, the clutch 

assembly 122 is pneumatically, electrically, hydraulically or spring engaged (or 

disengaged) to connect the motor output shaft 112 to the flywheel 120 and in 

turn, to the barrel 102. The brake assembly 154 (e.g., pneumatic, hydraulic, 
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electric, or spring actuated) resides on the drive axle 148. When the clutch 122 

engages, the brake 154 disengages simultaneously. Both are timed to control 

the acceleration and deceleration of the track switch device 100, and to ensure 

that braking occurs with similar inertia and energy of the drive devices when 

disconnected from the drive axle 148. A positioning device (e.g., the latch) is 

employed as a secondary measure to ensure accurate predetermined position 

stopping. The latch may be actuated in and out of position to allow the switch to 

execute additional motions in the same rotational direction, or may be fixed, 

requiring gearing or other means to reverse the switch direction of travel for its 

return to starting position or other selected position in the opposite rotational 

direction. 

[0035] Referring now to Figure 2a, an overhead view of the barrel 102 having a 

switch track 104 located thereon is shown generally at 200. The drive axle 148 is 

configured to rotate about an axis as shown by arrow 202. Dampers 204 are 

configured to smooth out the shock impulse of the barrel rotation and immediate 

braking. 

[0036] Referring now to Figure 2b, a side view of the barrel 102 is shown 

generally at 210. In this perspective, it can be more easily seen that two switch 

tracks 104 and 106 may be located on opposing sides of the barrel 102. One 

switch track may be configured as straight rails to maintain the vehicles motion 

from the path it originated, while the other switch track may be configured as 
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curved to send the vehicle to a diverging track (shown in greater detail with 

reference to figure 3). Again, arrow 202 shows the applicable rotation. 

[0037] With reference now to Figure 3, an overhead diagram of a track­

switching system showing two locations in time (i.e., two different arrangements) 

is shown generally at 300. Reference number 302 shows pre-track switch 

configuration, while reference number 304 shows a post-track switch 

configuration. A first vehicle 306 is disposed on a first track 308. If it is desirable 

that the vehicle 306 remains on the first track, the barrel 102 may remain at rest 

at a first predetermined position 310. The vehicle 306 may then pass over switch 

track 104 and continue to first track 308 to a desired destination. However, if it 

desirable that the vehicle be routed to the left-hand diverging track 312, the 

barrel 102 may rotate clockwise a predetermined amount (e.g., 180 degrees) to a 

second predetermined position 304. In turn, the switch track 106 is aligned with 

left-hand diverging track 312, as shown by arrow 314. It is to be appreciated that 

while only one vehicle on a single through track and single diverging track is 

shown, the invention may comprise switching a plurality of vehicles to right-hand 

and left-hand diverging tracks, and also multiple through tracks. Therefore, 

barrel 102 may be configured to rotate in a bi-directional manner, i.e., clockwise 

and counter-clockwise to align a plurality of switch tracks with diverging or 

through tracks. 

[0038] In the exemplary system shown in Figure 3, a controller is in 

communication with a series of sensors (322, 324) to determine if an 
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approaching vehicle is too close to allow safe track switch actuation when a track 

switch is requested by an overall ride control system. If no vehicle is present in a 

predetermined zone, then a track switch may be commanded. A blocking device 

330 may be present between the sensors and the track switch device, and barrel 

position sensors are present on the switch assembly itself. If the switch fails to 

arrive at its final position or fails to latch within a specified time interval, the 

blocking device will remain closed (closed is its normal state). Similarly, another 

sensor 324 may be located downstream of the track switch to signal the track 

switch device is clear to rotate again. For example, the sensors may sense the 

vehicles location and signal the track-switching device 320 to rotate to align the 

switch track 104 or 106 with the through track 308 at a first end of the switch 

track or with diverging track 312 at a second end of the switch track, where the 

track may lock into place, via the braking mechanism. The vehicle 306 may then 

pass through onto the diverging track 312, where sensors 324 may sense the 

vehicle has exited that track-switching device 320, and send a command that the 

track-switching device may unlock and therefore rotate to switch vehicle 306 to 

the desired track. 

[0039] It is to be appreciated that track sensors may be in communication with 

the track-switching devices, and also a central controller or processor, each 

component having the requisite electronics to carry out the above mentioned 

operations. 
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[0040] The exemplary system of Figure 3 provides a secure and rapid switching 

mechanism for track vehicles. In particular, the system provides a secure and 

rapid switching mechanism for two or more vehicles It is to be further 

appreciated that while although in the exemplary embodiment of Figure 4 only 

two track-switching devices having a single switch track are shown, a plurality of 

track-switches may be incorporated so sustain multiple vehicles from multiple 

different ingress and egress points. 

[0041] In an optional embodiment of the present invention, the clutch output 

shaft 142, or a driven element of a secondary transmission (not shown) that may 

be driven by the clutch output shaft 142 may provide input energy and motive 

force to an escapement mechanism (not shown), such that the output motion 

from the clutch may be uncontrolled while the output motion of the escapement 

mechanism is bounded and deterministic. 

[0042] In another optional embodiment, the track switch assembly can be 

separated into multiple pieces, thereby reducing the inertia of each actuated 

piece, and allowing for the vehicle entering the switch to proceed onto 

progressively switching elements along its path of travel, further reducing the 

temporal delay associated with track switch operation. In one such exemplary 

embodiment, the track switch mechanism may be comprised of three separate 

elements switched about axes approximately aligned with the vehicle longitudinal 

axes along its path of travel 
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[0043] Referring now to Figure 4, a flow-chart to better help illustrate a method 

for switching a vehicle from a through track to a diverging track is shown 

generally at reference numeral 500. The method comprises switching a vehicle 

from a first track (through track) to a second track (diverging track) the track­

switching device being rotated by a motor, the method comprising providing a 

drive axle and a primary axle. The drive axle comprises a barrel located at one 

end of the drive axle, the barrel having a plurality of switch tracks located thereon 

and a braking assembly connected to the drive axle and spaced from the barrel. 

The primary axle is driven by the motor and comprises a flywheel and a clutch 

assembly. 

[0044] The method further comprises driving the drive axle via a looped belt 

functionally connected to the drive axle and the primary axel and rotating the 

barrel about an axis to align the switch tracks with the first tracks and second 

tracks. While the flowchart shows an exemplary step-by-step method, it is to be 

appreciated that a skilled artisan may rearrange or reorder the steps while 

maintaining like results. 

[0045] At step 402, a first vehicle on a through track may approach a track­

switching device comprising a barrel having a plurality of switch tracks located 

thereon, the barrel being configured to align at least one of the plurality of switch 

tracks with the diverging track. As the vehicle approaches a plurality of sensors 

may sense the vehicles location on the trough track and, based on 

predetermined commands from a controller or processor, may either align at 
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least one of the plurality of switch tracks with a diverging track or allow the 

vehicle to continue onto the next section of through tracks at step 404. If the 

controller is programmed to send the vehicle to the diverging tracks, then the 

controller may signal the track-switching device to horizontally rotate to align the 

switch tracks with the diverging tracks step 406. On the other hand, if the 

controller is programmed to allow the vehicle to continue to the next section of 

through tracks, then either the controller will align the switch tracks with the 

through tracks at step 408. At step 410, a second vehicle may approach from 

the opposite direction on a separate thorough track. At step 412, the controller 

makes an analogous decision as it does in step 404 to arrive at either steps 406 

or 408 depending upon which track is the desirable track to send the vehicle. 

With each turntable rotation, the brakes may be configured to lock the tracks into 

place at a predetermined position. 

[0046] Although specific features of various embodiments of the invention may 

be shown in some drawings and not in others, this is for convenience only. In 

accordance with the principles of the invention, the feature(s) of one drawing may 

be combined with any or all of the features in any of the other drawings. The 

words "including", "comprising", "having", and "with" as used herein are to be 

interpreted broadly and comprehensively and are not limited to any physical 

interconnection. Moreover, any embodiments disclosed herein are not to be 

interpreted as the only possible embodiments. Rather, modifications and other 
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embodiments are intended to be included within the scope of the appended 

claims. 
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CLAIMS 

1. A track-switching device for switching a vehicle from a first track to a second track the 

track-switching device being rotated by a motor, the track switching device comprising: 

a drive axle comprising: 

a barrel located at one end of the drive axle, the barrel having a plurality of switch 

tracks located thereon; and 

a braking assembly connected to the drive axle and spaced from the barrel; 

a primary axle driven by the motor, the primary axle comprising: 

a flywheel; and 

a clutch assembly; 

wherein the drive axle is driven by the primary axle upon engagement of the clutch 

assembly via the motor and the flywheel. 

2. The track-switching device of claim 1, wherein the barrel is configured to rotate 

concurrently with the drive shaft to at least two predetermined positions and in a bidirectional 

manner. 

3. The track-switching device of claim 1, wherein when the braking assembly is engaged the 

clutch assembly is simultaneously disengaged, and wherein when the clutch assembly is engaged 

the braking assembly is disengaged. 

4. The track switching device of claim 1, further comprising a transmission attached to the 

primary shaft and driven by the motor, the transmission having an output shaft configured to drive 

the flywheel. 

5. The track switching device of claim 1, wherein the flywheel comprises an output shaft 

configured to drive the clutch assembly. 

6. The track switching device of claim 1, wherein the clutch assembly comprises an output 

shaft configured to drive the loop belt to rotate the drive shaft. 
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7. The track switching device of claim 1, wherein the flywheel has an inertia that ranges from 

between approximately 100% and approximately 1500% of that of the barrel and the switch 

tracks. 

8. The track switching device of claim 1, further comprising a latch configured to engage 

lock the drive axle when the barrel is in a predetermined position. 

9. The track-switching of claim 1, further comprising a controller in communication with a 

plurality of sensors. 

10. A method for switching a vehicle from a first track to a second track the track-switching 

device being rotated by a motor, the track switching device comprising: 

providing a drive axle comprising: 

a barrel located at one end of the drive axle, the barrel having a plurality of switch 

tracks located thereon; and 

a braking assembly connected to the drive axle and spaced from the barrel; 

providing a primary axle driven by the motor, the primary axle comprising: 

a flywheel; and 

a clutch assembly; and 

driving the drive axle with the primary axle upon engagement of the clutch assembly via 

the motor and the flywheel; and 

rotating the barrel about an axis to align the switch tracks with the first tracks and second 

tracks. 

11. The method of claim 10, wherein the barrel is configured to rotate concurrently with the 

drive shaft to at least two predetermined positions and in a bidirectional manner. 

12. The method of claim 10, wherein when the braking assembly is engaged the clutch 

assembly is simultaneously disengaged, and wherein when the clutch assembly is engaged the 

braking assembly is disengaged. 

13. The method of claim 10, wherein the flywheel has an inertia that ranges from between 

approximately 100% and approximately 1500% of that of the barrel and the switch tracks. 
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14. The method of claim 10, further comprising locking the barrel at a predetermined location 
by engaging a latch with the drive axle when the barrel is in the predetermined position. 

15. The method of claim 10, further comprising a controller in communication with a plurality 

of sensors 
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