APPENDIX: MECHANICS DESIGN BY: Rammah Shami. Contributions to the maths were made by Prof. Humberston.


APPENDIX: THE DESIGN MECHANICS 


Now that the group have a clear idea of the structure and shape of the rhino it was important that it would climb up stairs. The design and construction team each conducted calculations to explore this problem. Their solutions can be found in chapter 6 by A. Abid Ali. Figure DM.A1 a) shows a side view of the rhino as it approaches the first step. The forces are indicated in Figure DM.A1 b).
1.
THE FIRST STEP 

Resolving along the planes:
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(MD.1)

Where, F1 is the frictional force due to the motors acting along the plane and up the step (pulling the robot forwards and up). M is the combined mass of the robot and Ni are the normal reactions perpendicular to the horizontal plane and against the first step.

The arrows represent the direction of the plane (being resolved) and the sign represents whether the arrow’s direction is taken to be positive or negative.

If we consider that the robot is just about to climb the first step, we can conclude that a = 0:
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Speaking with Professor Humberston about these calculations he explained that in order for the rhino to ascent the first step the back wheel must not skid:
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Also, as the robot begins the ascent, the normal reaction at 
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Therefore it is important that our coefficient of friction for the tracks is very high ≈ 0.7. Since the normal reaction is approximately dependent on the mass of the robot, and given that the roughness of steps can not controlled, the only other possible way to ensure that the requirement (equation MD.3) is met is to actively seek an excellent track system. 

Prof. Humerston suggested that by being able to shift the centre of mass of the robot, we could position it behind the back wheels during the ascent and in front of the step nosing as we try to climb up the first step. 
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He emphasised that an adjustable arm Figure DM.4 could have an advantage over a rigid structure. Due to the time restriction this was not possible but I note it as a way to develop this design.

Prof. Humberston reinforced our view - that as long as the robot is over two step hypotenuses long, it would continue to climb the stairs unhindered.

2.
THE PROGRESSION UP THE STAIRS 

Resolving perpendicular and parallel to the plane:
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Where:


M = mass of frame and robot


m = known mass of motor


F = frictional force due to the force from the motor


N1 and N2 are normal reactions at the two wheels.

The assumption made here is that the track interacts weakly with the slope and can therefore be ignored – although this is a generalising assumption and to develop the maths of this project, this will need to be looked at in more detail.
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Note that: 
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The team wanted to know a bit more about the mass limit of the robot. A. Abid Ali had successfully modelled the robot as a particle on the slope, but with more detail the group wanted to find out if this model was accurate enough. We already knew the mass and torque of the motors available and we could use this to calculate the maximum mass limit of the robot’s frame.
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Where:

 r is the perpendicular distance from the motor to the point of interaction at the wheel.

Using equation MD.4 we can solve parallel to the stairs.
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Bearing in mind that there are two more motors each with the same mass:
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Where m= 255g = 255 X 10-3 and F can be calculated through equation MD.5.

To ensure that the robot did not “tip over” during the ascent we took moments about the normal reaction at N1​ – Figure DM.3.:
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Reference:
 
[AM.1] This problem was explored with Prof. J. Humberston. Department of Physics.
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Figure DM.5. An illustration of resolving the forces perpendicularly and parallel to the slope. 





Figure DM.1 a) The Rhino as it approaches the first step. The four bottom wheels are driven, but only two are visible in this 2 dimensional diagram. The step is not to scale, and this illustration represents some of the considerations. Note that in this diagram the arrows represent direction.
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Where:


	Ni = Normal reaction


	Mg = Weight = Mass (M) X gravitational constant (g)


	Fi = Frictional force due to the motors.
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Figure DM.2b) The Rhino as it attempts to scale the first step. All the forces are acting either in the vertical (normal reaction and weight) or horizontal plane (frictional force due to the motor and the normal reaction due to the interaction with the step). This model can be simplified, but it is important to not generalise. (Not to scale)
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Where:


	Ni = Normal reaction


	Mg = Weight = Mass (M) X gravitational constant (g)


	Fi = Frictional force due to the motors.
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Figure DM.3. The Rhino climbing the steps. All the forces are acting either along or perpendicular to the slope. This model can be simplified to a particle on the slope.  (Not to scale)





Centre of mass backwards for the ascend





Centre of mass forward for the mount





Figure DM.4. A rotating front arm allows us to adjust the rhino’s centre of mass. Due to a time constriction this idea was not developed further.








_1299308418.unknown

_1299313720.unknown

_1299314333.unknown

_1299315401.unknown

_1299313957.unknown

_1299311776.unknown

_1299307885.unknown

_1299308201.unknown

_1299307335.unknown

