Chapter 5 writers credited throughout

5 ELECTRICS, MOTORS AND MOVING MECHANISMS
5.1 Electrics (Written by Shazia Khan) 
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The robot is powered by two 6V batteries, which operate four geared motors of maximum voltage input of 15V. There are two double pole double throw (DPDT) switches to allow the robot to reverse and turn. There are two speed controls to adjust the speed, to make subtle turnings and to turn 360˚ on the spot. Below is the circuit diagram for the electrics of this robot. 

Fig. 5.1: This is the circuit diagram of the electrics. The blue lines represent long cables. Each component is explained in the following chapter. This diagram was drawn by Solimon Edris.

The main switch is to supply the robot with power. The speed control is placed before the DPDT switches. The DPDT switches change the polarity (explained in 5.1.2) and the speed controls have fixed poles therefore, it will not work. All components apart from the main switch are placed in parallel because the potential difference remains the same for all components that are connected in parallel.  

5.1.1 Batteries
The batteries used in the circuit are a set of two 6V batteries, giving a supply of 12V. The motors can be powered at a maximum of 15V, however a decision was made to keep the voltage at 12V to avoid an overload. 

5.1.2 Switch
There are three switches on the robot. The main switch is to supply the robot with power. 
The two other switches are to operate its movements. One switch operates one side that consists of the front wheel and the back wheel. This was chosen because it allows the robot to change direction without the need for a steering wheel (however, the speed control can assist in changing directions too. See section 5.1.3).  

When both switches are closed, the contacts are touching which allows electricity to flow through the circuit for both sides. This causes the robot to move forward in a straight line. 

When the robot requires turning left, the left hand side switch is opened causing the circuit to break on the left hand side of the robot. Thus, the left wheels stop moving but the right wheels remain in motion. The right wheels should start to curve to the left, pivoting on the left wheels. Once the robot is in the correct direction, the LHS switch is closed to allow the robot to move forward again.  
The same procedure is used for turning right, where the RHS switch is opened to stop the RHS wheels. 

The problem occurs if the robot is required to reverse. The basic switch used; the single pole single throw (SPST) switch, does not allow the poles in the circuit to switch for reversing the motor. The term ‘pole’ means the set of contacts, which are the electrical terminals that are connected to. The term ‘throw’ is the one of two or more positions the switch can adopt, usually applied to rotary/toggle switches. 
The solution to this is to use a double pole double throw (DPDT) switch. This switch is equivalent to two SPST switches controlled by a single mechanism. 
When the toggle is in the middle, the switch is open therefore; no electricity flows through the circuit and the wheels are stationary. When the toggle is moved to one of the sides, the switch is closed and the wheels spin in one direction. When the toggle is switched to the other side, the switch is also closed and the wheels spin in the opposite direction. The swapping poles within the DPDT switch cause the motion in the opposite direction. 

Since the robot can reverse, it is able to make a 360˚ turn on the spot. If one switch is reversed, causing the two sides to move in opposite directions, the robot will turn in circles on the spot until the polarities are changed to be the same. This feature will help when the robot is required to turn in narrow areas or on the spot. 

The two DPDT switches used for the robot are the 10A (15A max) toggle switches from Maplin. 

5.1.3 Speed Control
The function of a speed control is to read a signal of the demanded speed to drive the motor at that speed. The speed of a DC motor is directly proportional to the voltage supplied. For example, if the voltage was reduced to 6V from 12V, the motor will run at half the speed. 

The speed controller operates by varying the average voltage delivered to the motor. It is inefficient to adjust the voltage delivered to the motor. Therefore, immediate switching on and off of the supply to the motor is a better method. The motor only notices the average effect if the switching is fast enough. 

Using the example mentioned above, if the switch is closed, the motor receives 12V. But if the switch is open, the motor receives 0V. If the switch is closed for the same amount of time as it is opened, the motor will receive an average of 6V and thus, run more slowly. Remember, the switching of the voltage supply has to be very fast. As the time period of the voltage is on increases, compared to the time period that the voltage is off, the average speed of the motor increases. 

The time it takes the motor to increase or decrease its speed under switching conditions is dependant on; the inertia of the rotor (i.e. how heavy it is) and how much friction and load torque there is. 

Two speed controls are used to operate the robot; one control for either side. This will help the robot to make subtle turnings to left or right along with the two switches. If the LHS speed control reduces the speed, the RHS of the robot would travel faster and should make a subtle turn to the left. Once the required turning is made, the LHS speed control is increased to match the same speed as the RHS of the robot. 

5.2 Motors (Written by Ayad Abid Ali)
Motors are needed so that the robot can physically move around on it’s own.

5.2.1 Choosing type of motor
Once the robot design and model had been chosen, a decision regarding motor type had to be made. The group promptly rejected potential motors, which worked on fossil fuels, e.g. motors from chainsaws, lawnmowers, hedge trimmers etc. with the reasoning that these type motors are dirty, dangerous and not suitable for indoor use. 
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Instead a group decision was made to use battery powered DC motors, and initially there were thoughts of using the motors of cordless drills. One drill was ordered for testing, Dr. Fry purchased the cordless drill and he also got hold of another DC motor, model 919D1481 shown in Fig. 5.2.1, with belonging speed regulator module (see chapter 5.1.3) of the MFA/como-drills brand from Maplin. A choice between these two motors had to be made. 
When comparing the two motors there was an uncertainty as to which motor would be more practical for the robot, as they both had their pros and cons. The drill motor has the benefit of a chuck being installed, which allows the steel rods that are connected too the wheels to be mounted straight on to the motor, whereas for the MFA motor couplers had to be used to connect the steel rods to the motor. Then again the MFA motor already has mounting steel bracket on the base and could be mounted on to the frame almost immediately after the frame of robot is completed, this would take much longer to do with the drill. 
To find out which motor was stronger, attempts at finding the torque values for each motor both online and in the respective motors manuals were made. Only the MFA motor had the torque values declared by the manufacturer see table 5.2.1. Since the motors could not be compared theoretically due to the lack of information on the drill motor, they were tested physically in practice by connecting them to fully charged 9.6V drill battery and attempting to stop the motors by grabbing and applying stopping force on their rotating parts. The drill motor was stopped very easy relatively to the MFA motor, and when held still it while switched on and it produced a gas that smelled like ozone. The MFA motor did impress with its strength according to the manufacturer it should have a maximum torque of ~2.24Nm when powered with 15V. Hence MFA motor is the motor of choice for the robot. 
After some theoretical calculations (See Particle on a Slope in the next section 5.2.2) it became apparent that the robot with four MFA motors to have enough power with excess to climb up the stairs of portico.

5.2.2 Particle on a slope
Calculated by Ayad Abid Ali

Written by Shazia Khan

Particle on a slope modeling the torque of a wheel on a slope
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Maximum torque ( = 22851g.cm

Divide it by 10197 to convert to Nm


Max torque ( = 2.24Nm
Radius, r = 6cm = 0.06m

To calculate the driving per motor

2.24/0.06 = 37.3N per motor (and wheel)
At this point the model for a wheel on a slope ends. 

We can use this model to work out the maximum mass of the robot.

Therefore, the total driving force of the robot is:  FD = 4 x 37.3 = 149.3N 

Using the diagram above
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Solving in the direction of

FD – mgsin35 = 0

149.3 = mgsin35

m = 149.3 / gsin35 

m= 26.6kg

Therefore, the maximum mass of the robot is ~26kg.

5.2.3 About MFA/como-drills 919D1481 
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“Designed for heavy-duty industrial and model applications this robust unit boasts a powerful high quality, three pole motor with sintered bronze bearings. The all steel gearbox incorporates bronze output bearings, enabling the high torque transfer from the motor to be transmitted through the gearbox. The unit is mounted on a 0.9mm thick plated steel bracket.” – [5.2.1]MFA/Como-drills



	Motor data excl. gearbox

	At Maximum Efficiency

	Speed (R.P.M)
	Current (A)
	Torque

(g-cm)
	Torque (Nm)
	Output (W)
	Efficiency (%)

	13360
	2.85
	154.4
	0.01514
	21.2
	61.9

	Motor data excl. gearbox
	Motor data incl. Gearbox

	No Load
	At Maximum Efficiency
	Total Weight (g)

	Speed (R.P.M)
	Current (A)
	Torque 

(g-cm)
	Torque (Nm)
	Speed (R.P.M)
	

	15800
	0.52
	22851
	2.24
	106
	255


Table 5.2.1: MFA motor technical data. Data with and without the attached gearbox

919D1481 has an attached single ratio gearbox, which has the ratio 148:1. This means that the output R.P.M speed of the unit is 148th of the speed of the motor on its own. And also the torque of the unit is 148 times stronger than the motor on its own.

5.3 Moving Mechanisms
5.3.1 Tracks (Written by Ida Karymy)
As soon as the initial design was decided it became clear that some sort of caterpillar tracks would be used.
There are various types of caterpillar tracks available; here a few different types that were suitable for this particular design will be discussed. 

Bicycle chain track
The first R/C tank track was built using two bicycle chains and wooden treads that were connected by pop rivets. This is very simple to make and low cost approach.
Bicycle sprockets were used to drive the track system in an early version of this design. Each sprocket had every other tooth missing with a tread attached to every other chain link, so that the teeth could engage alternating links. The problem of tread-sprocket interference was overcome by using a 3/4" wide tread, instead of the full 1" width.
Unfortunately, bicycle sprockets and chains are essentially designed to easily derail which doesn't make for a reliable track system. A rubber friction drive wheel was used to keep everything on track.
Friction drive is in practice a reliable mechanism, however, if the tracks are not tight enough there will be a considerable loss of drive, and so it is very important to have proper tensioning. 
The amount of traction provided by a bicycle track is very good, because the rivets used to attach the treads to the chain dig into the ground. This is going to help when the track is moving in a straight line, but also makes it more difficult to turn the tracks. And so, the motors used with bicycle chain tracks need to be very powerful.

The bicycle chain design seemed like an ideal type of track as it has large gaps in between the teeth and can have very high friction, therefore giving a good grip on the surface of the steps. It is also very affordable although it was not found on any of the websites that UCL allows us to purchase from. 
The problem with this type of tracks was that the wheels needed to be changed to the ones with bicycle sprockets. The wheels had already been obtained by this stage so the alternative was to look for different tracking mechanisms.

Treadmill tracks
Treadmill tracks are usually made from plywood or rubber and is similar to bicycle chain track, in a sense that is also driven by friction drive wheels. This means that the tracks must be properly tensioned and the friction surface must be kept clean. 
A treadmill track can easily travel over a variety of surfaces because it has continuous belts that are very flexible. The edges of the tread provide excellent traction, while the belt prevents objects from getting caught between the treads. 
This type of track is very simple to make and is very cheap. However the group decided against it due to the time constraint. In addition to this the tracks can weigh up to 4 lb for every 6 foot, which is quiet heavy.

Plastic conveyor track
Plastic conveyor chains and belts are used in many industries. Conveyor tracks stay on track very well. The manufactured links and sprockets work well together, without a sound. The durability of the plastic parts is very good.
The benefits of plastic conveyor track are that it is strong, and lightweight. A typical 6ft long section of track only weighs about 1.5 lbs, which is the lightest weight of all tracks we have looked at.
Plastic conveyor track is very expensive and the cheapest website that was found was American based and so again lack of time and money prevented the group to go ahead with this idea.
Having looked at all these different types of tracks available, it was decided to make our own tracks, as it would cost less and give more flexibility to work with the wheels we already had.

Floor mat track
One idea that was proposed by Oliver was to use some sort of floor mat. The one that he had in mind was rubber on the back with rough surface in the front. The idea was to wrap it around the wheels so that the rubber would be the inside, and then use some sort of sprockets to build up the friction between the wheel and the tracks. The problem with this was that as rough as the outer surface of the mat was, it would not provide enough friction to make the robot climb stairs. 

Bicycle tube track
The other idea was to use bicycle tubes. To connect them together and wrap it around the wheels, using sprockets to give the friction between wheels and the track. This idea was immediately scrapped as it had the same issues as the floor mat.

Fan belts
I suggested using fan belts, as they are very strong and not so stretchy. Fan belts are used in car engines to transmit power from a crankshaft-driven pulley to an engine fan and other accessories.  Fan belts are very expensive to buy, however I managed to obtain about 20 second hand ones for free.
Fan belts are smooth on one side and have teeth-like pattern on the other side. The idea is to wrap it so that the smooth side is on the inside, using either sprockets or sand paper to enhance the wheel-track friction. The outer side is ideal; the teeth like pattern should provide the grip to make the robot climb. 
However there is one major problem with the belts and that is their width, they are about 1cm wide, which is very thin compared to the wide tunnel of the wheels. To overcome this problem it was decided to wrap two belts around the edges of the wheels, one on each side. This will cover the areas that are most likely to come in contact with the floor and therefore providing enough grip. The issue arising from this was how to keep the belts in an exact position on the wheels, so that they don’t fall out.
The connection between the belts and the wheels by sand paper was also very questionable. It was concluded that however rough the sand paper was, the friction it provides will never be greater than the friction between the tracks and the floor. 

Timing belts
Ayad and Shazia suggested timing belts as an alternative to fan belts. These are very similar to fan belts, only slightly wider, about 2cm wide.
The group decided against this idea, as timing belts are not very different to fan belt, plus the only way to obtain them was to purchase some
The other issue to be tackled was how to wrap them around the wheels. One idea was to attach the belts together to form one big loop that goes around all three wheels one on each side. Oliver then suggested having two smaller loops, each of which would wrap around two wheels as shown in the first picture below. 
The group decided to go with two loops, because it had the advantage of not having to cut up and reattach the fan belts. Some of the belts are an exact fit for the front top and bottom wheels (shown as red in Fig. 5.2), but the belt for the two bottom wheels would still had to be cut and reattached, to make it fit. (Shown as blue in Fig. 5.2).


How to attach the fan belts together?

The initial thought was to staple them together, until Ayad came up with a better solution. He suggested that we cut the width of the belts in half and then bolt them together (blue ovals). 



5.3.2 Wheels (Written by Ida Karymy)
Plastic cable reels of radius 6cm were used as wheels. Other types/sizes of wheels were considered but were not readily available. Smaller wheels would have been ideal for the reason discussed below.

How the wheels were going to be used changed as the project progressed. One option was to cut the rims down so that the wheels will have a much smaller radius. The advantage of this would have been a bigger toque. If τ = F x r, and we have a fixed torque τ provided by the motors then the smaller the radius r, the bigger the force F it provides the wheels with. Also because the wheel have a hollow shape, cutting the rims down would have given us a flat surface to mount the tracks on. In this case, using sand paper will increase the friction between the plastic wheel and the tracks.
There were difficulties in finding a simple way of cutting the rims and so an alternative was to pad the wheel in the middle to get a smooth surface for the tracks. However an issue would arise with how to enhance the friction between the foam like material and the fan belts.

A third option was to make ridges in the wheels. This is done in a way that the ridges are thinner in width compared to the panels left, because the weight of the robot is high enough for it to be able to crush the ridges if they are not strong enough.

Connections
A metal rod passes through the wheels to the motor; the rod is connected firmly to the wheels with black hubs that were specially made for it using washers and nuts. A coupler was used to connect the motor to the rod. Some modification had to be made to the coupler: 

1. The coupler had to be widened at one end to make it fit the rod.

2. The screw needed to be shortened in order for the coupler to rotate without getting stuck to the plywood base.

3. The rod was flattened, similar to the metal rod from the motor. This would help the coupler have better grip to the rod. 

5.3.3 Rolling ball bearings (by Ayad Abid Ali)
Because the frame of the robot is made of aluminium and the fact that the axels are screw threaded steel rods, there will be a very high coefficient of friction in an area we want the coefficient of friction to be as small as possible. Mounting rolling ball bearing units to the frame and axels solved this problem. 
Rolling ball bearing units can described as a three part system consisting of a rotating inner ring mounted glued to the rod, a fixed outer ring glued to the frame and rolling balls (which are guided by a separator) between the fixed and rotating rings. The purpose of these ball bearings other than the reduction of friction is the extra support they provide the axial.  
Fig. 5.2.2c: Sketch front view of MFA/ como-drills motor 919D 1481 [5.2.1]





Fig  5.2: shows the two different methods in placing the tracks. 





Fig 5.3 a) shows how the incisions will be made into fan belts, b) shows how the two end will be bolted





Fig. 5.2.2b: Sketch Side view of MFA/ como-drills motor 919D 1481 [5.2.1]





Fig. 5.2.2a Sketch birds eye view of MFA/ como-drills motor 919D 1481 [5.2.1]





Fig. 5.2.� SEQ Fig. \* ARABIC �1�: birds eye view of MFA/como-drills motor 919D 1481 model attached to the base of the robot.
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