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FRAME DESIGN
The frame of this robot has two main functions. It firstly contains all the parts of the robot that control its movement (the motors, batteries, speed controllers etc). Secondly, it facilitates easy climbing of the stairs by nature of its geometry.

In order to accomplish both these aims, the frame must be of a sufficient size to hold all components and provide stability on the stairs. It must also be rigid enough to allow proper force application to the stairs, and hence stair climbing.

The various parts of design will be examined in the coming section, looking at the materials used, the structure of corners and joints and the schematic design of component placement.
Frame materials
The frame was primarily constructed of aluminium angle bar, measuring 1 ¾ inch, by 1 ¾ inch by ¼ inch thick. This material was chosen for its combination of light weight (Aluminium having a low density) and rigidity. The rigidity is both a function of the geometry of the bars and the material they are made from.

Figure 3.1, showing both profile and side views of the Aluminium bars used.
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The geometry of the bars is advantageous as it allows them to resist torsion in both the x-y directions along its length. As there is always a large depth of aluminium presented perpendicular to any bending force, the aluminium bar can be significantly lighter compared to a solid bar of the same strength. The flat shapes also allowed the elements to be easily assembled and offer each other support along the edges and faces of the bars.
The floor on the base of the robot was constructed of ¼ inch plywood. The floor is not designed to carry structural load, but to instead offer a component mounting space. Being made of plywood means the floor is lightweight, and components can be easily screwed into it.
Design

The overall shape and size of the frame were determined by mathematical and geometrical concerns related to stair climbing and mounting (discussed previously in this report).  The design was primarily focused on making the frame as rigid as possible, within the boundaries of the materials available and maintaining ease of construction. 

Figure 3.2, showing side elevation of frame
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The overall design of the frame is shown in figure 2. It can be broadly split into the base frames (rectangular frames consisting of frame rails and crosspieces, top and bottom of figure 3.2) and the diagonal supports joining them. Each element will be considered in detail, as well as the joints holding them together. 

The base frames are principle load carriers, important in keeping the frame straight under load, and also providing mounting points for the diagonal supports.

Figure 3.3, showing top elevation of a base frame.
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The corners of the base frame are extremely strong owing to the nature of the aluminium bars and the way in which they rest against each other. Figure three shows the complete base frame, while figure 4, shows a detailed view of the corner.

Figure 3.4, top view of base frame corner. [image: image5.png]Base fram comer Top view
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The Frame rail, sits on top of the bottom spar of the crosspiece bar. Any translational movement (side to side, or away from the joint) is stopped by the presence of the bolt, going through both layers. The frame rail also cannot twist against the cross piece, as the front wall (top of figure 4) prevents twisting in the right handed sense, while the bolt stops twisting to the left. Once the nut on the bolt is tightened, the joint is completely constrained in three dimensions, for all translational and rotational movements. This makes the joint exceptionally strong and stiff, ideal for the base of the frame. Figure 3.5 shows how the layered structure of the two pieces stops rotational motion along the other two axis, and also in the vertical direction.
Figure 3.5, showing side elevation of base frame corner.[image: image6.png]Baseframe Comer e view
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As can be seen in figure 5, the frame rail cannot flex upwards, away from the joint, due to the lower spar of the cross piece. The bolts are also positioned, so that if a nut were to drop off, gravity would assist in keeping the bolt placed in the hole, thus decreasing the chances of the frame catastrophically failing. 

The frame rails sit on top of the cross pieces. This is because, should the front of the robot strike something (an irregular step for example), the solid cross piece, spanning the width of the robot is better able to distribute the force, lessening the effect of any impact. If a frame rail were to directly strike something, the joints could fail or in severe cases the bolts could even shear. The cross piece, as well as being a vital stabilizer acts also as a bumper, to take damage in lieu of the frame rails, which have more components attached to them, and are therefore, more critical.

The base frames are also important, as one of them is the mounting for the floor. The recessed centre with tall edges makes the frame rails and cross pieces ideal to house a floor, which simply needs to be bolted down at either end. Figure 3.6 shows a cross section through the floor.
Figure 3.6, showing cross section through floor and base frame 
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The bolts have been omitted in figure 6, as they are placed through the cross pieces at front and back, with the horizontal spars of both cross pieces and frame rails providing the majority of the floor support.

The frame is composed of two identical base frames, with one acting as the robot’s floor, and the other, flipped upside down acting as the “roof”.  Joining them are the diagonal support struts.

The diagonal support struts must carry the load from the top of the frame to the bottom (where it is then transmitted to the wheels). The loading, which is generated both by the weight of the upper frame and the tension of the tracks, must be carried, while also maintaining the geometry of the frame. 
Figure 3.7, showing side view of diagonal corner support, font.
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This is the most important corner in the whole frame. Load will be transferred down the diagonal support into the base. This will create a torque around the bolt holding the support to the frame rail. The diagonal support will want to rotate (in the plane of the diagram, anti clockwise). The important design of this corner is the fact that the diagonal support’s horizontal spar is resting on the vertical spar of the cross piece. This produces an upwards reactionary force that stops the support from tilting forward. 

The bolt, additionally, stops the support from sliding backwards along the horizontal spar of the frame rail (another way in which the torque could act).  The combination of the very strong bolt and the support resting on a rigid part of the frame combine to make this corner extremely strong against the expected forward tilting. 


The forces on this corner are shown more clearly in figure 3.8, below. The red arrows show the direction in which the diagonal support is trying to rotate, while the blue arrows show the forces exerted on the diagonal support by the bolt and the vertical spar of the cross piece. Once the rotational forces have been cancelled out by the support elemtns, the diagonal is able to transfer the load from the top of the frame to the base frame.
Figure 3.8, showing forces on the front bottom corner.
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Should such forward tilting happen, then several undesirable consequences would ensue. Firstly, as the angle of the robots front is changed, and the top becomes lower, it will make it more difficult to mount the first step. Secondly, it will change the geometry of the track line, meaning the tracks will be subjected to an extra tension, possibly snapping them.

The rear corners are not subject to such intense loading, as they do not support a segment of the tracks at the top, so they need less strengthening. They can also transfer their load to the front corners via the top base frame. Figure 3.9 shows the design of a rear corner, on the bottom base frame. The bolt and the closley mated surface of the beams on the frame rail provide adequete support to keep this corner from tilting forward.

Figure 3.9, showing rear corner on the bottom base frame.
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Auxiliary design elements.


In order that the main frame is able to do it’s job as efficiently and as reliably as possible, several other pieces were designed in order to supplement its functions.

Figure 3.10, showing the design and operation of the Skis
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The robot, being designed to climb stairs, will inevitable encounter rough or uneven ground in its operation. The tracks may be vulnerable in this case, as they are not rigidly supported.  In order to over come this, the skis were designed. 
Should the robot encounter uneven ground, the tracks could be stretched (possibly causing damage to them). If this stretching is severe, the frame may contact the ground, in this case the robot will lose traction. The skis provide a rigid running surface for the tracks, which prevents them being over stretched, and also, even if they are deflected upwards, they can still contact the ground and provide motive power.

The frames rigidity was also a consideration in design, in order to make it as rigid as possible, strengthening elements were also designed. As can be seen in figure 3.11
The strengthening element is triangular in section and is designed to be bolted under a diagonal support in order to provide extra rigidity. The Pieces is made of four flat sheets of aluminium of the correct shape bolted together, and then extending the bolt into the frame rail at the appropriate place. The four thickness wide face of aluminium provides a surface for the diagonal piece to butt against, providing it with more strength.  This design was chosen, as it requires no welding, while still giving a large surface for the support of a diagonal member.
Figure 3.11, showing simple strengthening element.
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Frame construction
The construction of the frame was carried out by Sean Yardley and Caroline Harfield, with Technical expertise supplied by Bernard Briscoe, Martin Palmer, John O’Brian and Mark Sterling.  In total approximately 25 hours were spent in the lab during assembly and fabrication.

The whole frame is constructed of pieces of aluminium, cut to length and connected with bolts.

The pieces of aluminium were cut to roughly the desired lengths first; using a hack saw and then filed down to flat edges, and final dimensions. The 2 base frames were assembled first, with holes being drilled in the frame rails, and then using these as a marker to position the corresponding holes in the cross pieces. Once components for the base frames had been cut to length and the required holes drilled, they were assembled suing nuts and bolts. 

The bolts used were M10 standard width and 30mm long. Due to the large size of the bolts, it was necessary to drill pilot holes of 5mm diameter in the aluminium first, in order to avoid splitting the bars. Holes were drilled using a pillar drill and hand vice. This ensured the holes were square to the faces of the bars.
Once the base frames were assembled, holes were drilled in the top and bottom of the diagonal supports and used to mark corresponding holes on the sides of the frame rails. Once these holes had also been drilled, the whole frame was assembled.
Figure 3.2a, showing enlarged frame view








