Chapter 6 by Shazia Khan, Ida Karymy and Ayad Abid Ali

6 MECHANICAL CONSTRUCTION

This chapter is on how the frame was developed into the designed stair climbing robot, the problems that occurred and the solutions. A conclusion is written about the progress and the end model of the robot.  Lab sessions were documented in a logbook, presented in APPENDIX 6. 
6.1 The Development
When the frame was ready, an attempt was made to attach the motors. However, the bolts connecting the diagonal pieces together were obstructing the motors.  One possible option was to have the frame welded to remove the bolts. The group decided that this would take too long for the faculty workshop to get it ready. A decision was made to move the two front diagonal pieces away from the bolts by 5cm. Caroline and Sean made the modifications. 

The frame was then drilled for the wheel axels and the ball bearing units to fit in. The axial holes were smaller than the size of the ball bearing units and were located in the corner of the base frame. The ball bearing units were super glued on the axial holes. Ayad tested the strength of the glue but the ball bearing unit separated off the frame. He then drilled larger axial holes to fit the ball bearing units in the holes and super glue was used to secure it. This resulted in better strength when experiencing force from the axial. 

A piece of plywood was used as a base to place the motors on. The corners were sawed off to allow the diagonal pieces to fit in and to allow the coupler screws to rotate without scrapping against the frame and the floorboard. Holes were drilled into the floorboard for the motor to be attached using screws, bolts and washers.  
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The axels were cut to 30cm including excess and were placed through the hubs and wheels, where they were fastened using washers and bolts. They were then placed through the ball bearing units to connect with the motor using a coupler. The part of the axial that was under the screws of the coupler was filed flat to allow the screws to tighten the axial to the coupler. 

The speed controls, the main switch, the two DPDT switches and the 12V batteries were connected together in a circuit (as shown in Fig. 5.1). At this stage, the base had four motorized wheels with all the control components connected. The robot was tested on the floor, where it moved forward and backwards. It was then tested on the stairs outside of the labs as a preliminary test but it did not move up the riser as expected due to many reasons.
Firstly, the top wheels with the tracks were not attached, which would have made the first contact with the steps. The tracks would propel the top wheels using the torque of the motorized wheels. 
Secondly, the radius of the wheels are smaller than the riser therefore, it would not climb up on to the tread. The radius needs to be bigger than the riser for it to climb.

Also, the wheels were skidding when it made contact with the riser due to the lack of grip. 

A decision was made as a group that the wheels were to be cut into ridges that will allow the wheels to ‘grab’ the edge of the step and roll over onto the tread. If this idea failed, then the wheels would be cut down to a small rim and tracks would be placed over the appropriate wheels (as shown in Fig. 5.2).  
Four of the exact sized ridges, directly opposite to each other, were sawed into the wheels in triangular shapes. The ridges were smaller than the panel because the panels need to withhold the strain of weight of the robot. The design of the wheel is shown in Fig.6.2. The two front wheels were replaced with the ridged wheels. The robot base was tested again on the stairs outside the labs. The robot approached the riser of the first step, but it did not have the grip to make the two front wheels go up and thus started skidding. The strain from the motors struggling to climb up the riser caused the couplers to vibrate and loosen. As a result the wheels fell off. 

The problems remained the same, as the panels left on the wheels did not have enough friction for the wheels to climb up and the radius of the wheels was too small for the steps.  

Having been unsuccessful with the ridged wheels idea, the next approach was to reduce the size of the wheels by sawing off the rims and placing tracks. However, the rims could not be filed down to a smooth surface since the appropriate tools were not available. Therefore, the crooked edges were cut off as much as possible without reducing the height of approximately 0.5cm. The small rims will prevent the tracks (the fan belts) from moving off the wheels while travelling. The reduction in the size of the wheels will let the tracks to be firmly tied around the wheels.
At the present time the construction of the robot is still in progress. The following will be done to complete the robot;

· The frame will be reassembled to its original design of the rhombus

· The top wheels will be attached using the thicker axial

· The tracks will be used by wrapping one fan belt over two wheels (Fig. 5.2)

· A control box consisting of all the electrical components will be made
The end result of the robot will be shown the presentation.

6.2 Conclusion
At the present, a conclusion can not be made of the final model of the robot. However, conclusions can be made of the attempts approached in the construction, the design, the materials used and the equipment used. 

Several attempts of the robot climbing steps were made during the construction. The original wheels did not climb the steps as it lacked grip and the radius was too small. If the radius of the wheels were bigger, bigger than the riser, the wheels would climb over onto the treads. Replacements for bigger wheels were not found.


The wheels were then cut into ridges, which should have helped it ‘grab’ the edge of the steps but again the radius of the wheels were too small and the actual rims lacked of grip. 


Now a last attempt is being made to reduce the size of the wheels to having 0.5cm rims to hold tracks in place. The result will be shown in the presentation.


The design of the frame was not appropriately made for the motors to be placed in the corners. The ongoing discussions on the sizes of wheels that would be used should have been taken into consideration in the design stage. This would have saved time in the construction from having to dismantle the frame and to drill extra holes. However, the shape of the frame is ideal for the robot to climb the stairs, as the top wheels will allow the robot to climb up the first few steps and fall on to the motorized base to carry on climbing. 


The aluminium frame might be too heavy for the motors to carry the weight. This was evident when the robot tried to climb the stairs with the ridged wheels. As well as lack of grip, the motors were struggling to carry the weight up the stairs, which resulted in being stuck in between the steps. A lighter material should have been used. This is a problem that resulted from the calculations of the maximum possible weight of the robot. The model used of a particle on a slope was not appropriate however, this was the best approximation that the group was able to make based on the extent of knowledge. 


The equipment available also limited the construction of the robot. Once the rims were reduced using a saw, the edges could not be filed down to a smooth surface, as the appropriate tools were not available in the workshop. A file and sand paper were used but it did not make a difference to the texture. The rough wheels may hinder the robot’s performance. Other than this problem, the equipment and tools available have been sufficient in cutting the aluminium into the shape required, creating the hubs from a nylon block and drilling the correct sized holes. 
Fig. 6.� SEQ Fig. \* ARABIC �1� shows the base of the robot with the motors and wheels attached. In the middle is the circuit of electrical components





Fig. 6.2 shows the wheel with ridges








