FRC 68 Truck Town Thunder

Shooter Sub-System Analysis

Keegan Harrington

The first thing to say is “Strategy Dictates Design”. We modeled our robot entirely off of our strategy that was determined week 1. Not only did we value a high goal shot; we also felt that a lofty truss shot was necessary to fulfill our strategic role on the field. This brought into question the best way to shoot the ball. We decided, as a team, that a catapult would best suit our strategy. With that in mind, we began our prototype/preliminary design phase.

The Catapult

The catapult is built primarily out of 1”x1”x 1/8” tubing, 1/8” aluminum plate, and 1” OD aluminum tube. It pivots around a ½” steel axle which is mounted to two vertical 1” x 2” tubes as shown in Fig 1.1. We ordered spear gun tubing, thoroughly tested it, and compared the results to springs and other surgical tubing, and decided that spear gun tubing was the way to go. We could get over 300% stretch from original length and an incredible amount of force per unit length. 

Fig. 1.1
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The reason for the odd looking catapult with the large blue plates is that we wanted to maximize the torque from the spear gun tubing in the beginning of the shot. Figure 1.2 shows what a more typical setup would have looked like where the tubing is mounded directly to the frame of the catapult and to the chassis/other component. The problem we had with this concept is the loss of acceleration in the beginning of the arm’s motion. The red arrow is an estimation of the force vector given from surgical tubing in a standard configuration, and the angle is measured from that force vector to the highlighted green bar. As you pull the catapult back into its starting (loaded) position, the angle decreases significantly. We know that 
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The problem is that the angle shown in the image below is much less than 90 deg, so we are not maximizing our torque. The torque on the arm is related to the exit velocity of the ball by
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Fig 1.2
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To solve this problem, we designed the catapult such that 
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 stays at a more or less constant value as we pull the arm back.  Figures 1.3-1.4 illustrate this. The three aluminum tubes that are welded in a circular pattern to the side plates of the catapult are actually deflecting the spear gun tubing out of the way rather than simply pulling it. This means that as we pull back the catapult, the torque generated is increasing by a factor of F as opposed to it increasing by a smaller factor when 
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Fig 1.3







Fig 1.4
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Fig 1.5
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The Brakes
The mechanism that is holding our catapult back was inspired by one-way bearings and is referred to as “the brakes”. They are 1 in wide steel cams that are actuated by pneumatic cylinders. They are self engaging in the sense that after the cylinders engage them to the catapult, they use the torque generated from the spear gun tubing to their advantage, digging in further and further as the catapult tries to rotate. Fig 1.6 illustrates the brakes themselves and Fig 1.7 shows a cross section of the catapult with the brakes.

Fig 1.6
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We used an automotive clutch lining as the contact surface for the brakes. It offers a high coefficient of friction and has a very high pressure rating to withstand the large amount of force being applied to them.

Fig 1.7
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Fig 1.8
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The brakes enable us to have multiple starting positions (theoretically infinitely many) for which we can adjust the trajectory of our shot.  A longer draw back means the shot will be short and lofty, ideal for truss passes, while a short draw back gives a long, low shot ideal for scoring in the high goal.

The Winch

Fig 1.9
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Our custom made winch is powered by a BB RS 775-12 motor with a Versa Planetary 1:100 reduction. There is a custom lock mechanism on it to prevent back driving when under load; we mounted a 36-tooth sprocket to the pulley itself and a lever with a steel pin protruding out is actuated by a ¾“ cylinder. The pin that is mounted to the lever is inserted into one of the grooves/teeth of the sprocket, which prevents the pulley from moving. The winch pulls the catapult back in roughly 3 seconds at 75% power. Below is an outline of the shooting process:

1. Winch pulls catapult back (2-3 sec)

2. Lock engages, preventing back driving

3. Driver selects start position from the control station

4. Lock disengages, Winch unwinds to the selected position, lock engages

5. Driver presses shoot button (1st stage)

6. Brakes engage

7. Winch unwinds to preset length; long enough so the strap is not pulled tight when the ball is shot.

8. Driver presses shoot again. This releases the brakes and the catapult moves freely. (ball is shot)

9. Step 1…repeat.

Fig 1.3-1.4 shows the catapult in the loaded position where the round aluminum tubes are fully deflecting the spear gun tubing. Fig 1.5 is the catapult in the released position where the tubing is only slightly deflected.
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