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1 Opportunity

Our opportunity for this project is that we want to make sure that pets are provided with sustenance in
the case that the owners are away for an extended period of time and can not (or prefer not) to provide
for the pets themselves.

2 High Level Strategy

Our pet feeder will be able to be operated both manually and automatically. The manual dispensing
will be done through the buttons on the feeder. The user will be able to make a decision to enable the
automatic feature by use of turning the potentiometer beyond the halfway mark. The user can also use
the automatic food and water features independent of each other, for example one can use the automatic
food state while maintaining manual water state, vice versa, having both manual food and water states, or
both automatic food and water states. Finally, the user will be able to specify the amount of food or water
dispensed at each cycle by adjusting the timer for which the door or solenoid valve is open or closed. In
terms of the mechanical aspect, we are using a timing belt attached to two rotating pulleys with grooves
to fit the teeth on the belt. We used springs on the timing belt in order to tension it, and two ball bearings
in order to decrease radial load. Our initial design was very crude, using rubber bands and only one ball
bearing with no tensioning of the belt/pulley system. We also initially wanted to drive the motor at a rate
of 0.25 rev/sec, however this turned out to be too slow, as there was slippage between the timing belt and
the pulley wheels. We increased the PWM duty to 200, which was sufficient for our needs.

3 Integrated Device

Figure 1: Completed device with a closeup of mechanical door system
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4 Function-Critical Decisions

Our food dispensing mechanism is where we used a Micro Metal Gearmotor to operate a mechanical
subsystem containing a timing belt system, a gear, a gear rack, two ball bearings, a shaft and a dispensing
door made out of PLA. There were two important aspects we needed to figure out for the safe operation
of this subsystem. The main goal of this subsystem is to lift the dispensing door upwards which weighs
17.5 g. In order to accomplish this goal, a 20 degree pressure angle gear rack is pasted onto the side of
the door using epoxy and the movement created by the DC motor is transferred to the door using a 20
degree pressure angle gear. In this set-up our primary concern was related to the ability of our DC motor
to provide the sufficient torque to lift the door. Investigating the interaction between the gear and the
gear rack allowed us to determine the torque required to lift the gate. Considering the weight of the door,
the gear would need to apply a tangent force, Ft, of 0.1717N. Through the gear force formula, the total
required force can be found:

Ft = Ftotal · cos(20) (1)

From equation 1, the total required force is found to be 0.1827N. Considering that the gear has a radius
of 1.25 cm, the torque required to operate this subsystem equals 0.1462N · cm. The DC motor used in
the system is a Pololu 75:1 Micro Metal Gearmotor HP 6V with Extended Motor Shaft, with a nominal
torque of 2.2563N · cm. Comparing this specification with the requirement indicates that the motor used
is more than capable of providing the required torque.

The transfer of motion and force from the DC motor to the gear lifting the door was another important
aspect of our subsystem. Initially, we planned to have a design with multiple of gears in order to not put
any radial load on the motor shaft. However, due to the placement of other items and the availability
of certain parts we decided to use a timing belt system to connect the gear with the DC motor. At this
point, we made sure to analyze the radial force which would be put on the motor shaft. This radial force
would be equal to the pre-tensioning force required for the timing belt. Remembering that the required
input from the DC motor is 0.1462N · cm, the pre-tensioning force can be found through this relationship;

τ =
Fpre

2
(2)

From this formula Fpre is found to be 0.2924N, which is a minuscule amount of force to apply to the DC
motor. After seeing this situation, we decided designing the mechanical subsystem with a timing belt
would not cause any decline in the DC motor performance or durability. On the other side of the timing
belt system, another timing pulley is placed on a shaft which also houses the gear used to lift the dispensing
door. In order to stabilize this shaft both ends are placed in ball bearings which are also placed in support
blocks created from PLA.
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5 Diagrams

Figure 2: Circuit Diagram with (1) Buttons (2)
1 Kohm Resistors (3) Potentiometer (4) Diode (5)
Transistor Figure 3: State Diagram of Machine

6 Reflection

Our project overall turned out adequate with the expectations that we had set in P1. We were pretty
successful in debugging and overcoming obstacles within a short period of time. In hindsight, we felt
that with more brainstorming, we could have come up with a more complex system that would have been
doable within the allotted time frame.
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7 Appendices

7.1 Appendix A: Bill of Materials

Figure 4: Bill of Materials
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7.2 Appendix B: CAD

Figure 5: Isometric View with Valve Housing

Figure 6: Isometric View without Valve Housing

5



ME 102B – Mechatronics Design - Report(Canberk Hurel - Aaron Wagner - Joshua Fong)

Figure 7: Cross-section View of Food Container

Figure 8: Cross-section View of Water Container
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Figure 9: Close Up of food dispensing mechanism

Figure 10: Close Up of food dispensing mechanism simplified
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Figure 11: Close Up of food dispensing mechanism from opposite view
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7.3 Appendix C: Code

Figure 12: Code Snippet 1
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Figure 13: Code Snippet 2

Figure 14: Code Snippet 3
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Figure 15: Code Snippet 4
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Figure 16: Code Snippet 5
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Figure 17: Code Snippet 6
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Figure 18: Code Snippet 7
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Figure 19: Code Snippet 8
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Figure 20: Code Snippet 9
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