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Instructions for use and suggested SOW
This project contains files which has all the computer information and worksheets needed to make the walker. There are detailed drawings of the assembled walker and dimensioned parts produced in ProDesktop 2000i2. There are also circuit diagrams 

detailed in word  and PCB layouts done in PCB Wizard 2.5. (Note, you should seek this version as the file types are not interchangeable). There is also a 2D Designer file of the outer legs and crank arms so they can be reproduced on most CNC machines. The file also contains detailed pictures of a finished walker and a video clip of it in action. Familiarise yourself with the finished photos in the walker pics folder and also the assembly drawings in the Prodesktop folder or Jpegs of drawings folder. 
The folder also contains assembly and dimensioned drawings in word form so people without these specific programmes can access the files. and use. It also contains word formats of the etching masks which can then be created using a photocopier. The  PCB Wizard 2.5 programme is not required to do this.
The walker is designed to let pupils make all parts of a systems and control project and experience some of the challenges that are missing when projects are bought as kits with major electronic and mechanical assemblies already made. These are namely making and aligning mechanical components so they can move smoothly and designing electrical circuits to allow for the physical properties of the components used, namely the fact the 741 op-amp doesn’t have a zero volt output, variable resistors burn out in real life, hence R1 and R2 are needed.

Pupils can be given whatever resources teachers consider appropriate, that is manufacturing the bits from plans, CNC files or alternatively staff can produce the parts and allow pupils to assemble them only. Similarly pupils can be given the circuit mask to etch the circuit or asked to design the circuit using appropriate software depending on the learning objectives.

The project has been completed by year ten pupils as well as Young Engineer Club members ranging in age from year seven to nine. 

All bits including gearboxes were bought from Rapid Electronics. The project is aimed at year ten pupils however it has been completed by gifted and talented pupils from year seven upwards. 

Experience has shown that 

· its worth using nylocks to secure all components and some thread lock is also useful. Screwing the backing plate to the inner legs is a good idea so the gearbox is accessible,

· modifying the final drive shaft of any gearbox by adding a thread is a good idea so the final drive gear is held in place with nylocks, 

· making an M3 spanner from a piece of steel plate so it can fit into narrow gaps is a good idea. 

· Testing the circuit before placing on the body is a good idea

· Testing the gearbox and walker assembly before attaching to the circuit is a good idea.

· Holding the walker the first time it is tested in full is a good idea.

· Set the vertically mounted 470KOhm Preset by connecting pin 6 of the DIL to the positive of the supply battery or use a piece of wire to fix it to pin seven then turn the preset until the gearbox just starts to turn. DO NOT DO THIS WITH THE 741 IN PLACE.

· If the walker does not function check the batteries since the six volt supply is very close to the 741 minimum operating voltage. 
· Joint the inner legs using thick (at least 18mm) dowel in a tight fitting hole.
· Buying all the components before starting so bits can be modified if specifications have changed is a good idea.
· Do not leave the walker switched on near a window where the sun is likely to rise or set since the walker will follow the shadows (honest).
Suggested Scheme Of Work For The Project

	Lesson objective
	Estimated Time.
	Details

	Thread axle and mark out/drill inner legs.

(Use Prodesktop inner leg/axle or jpeg inner leg/axle drawing)
	2 hours
	Add 3mm thread to axle as shown in diagram. Take the axle from the gearbox kit. Mark out inner leg and drill as require. Check you have a drill (forcner if possible) that will give a tight fit with the chosen dowel. Cut dowel and assemble inner legs but don’t glue so their spacing can be changed to match the backing board. Suggest taping the two legs together during production so they are identical.  

	Etch Electronic Circuit cut out outer legs and the cranks.
(use PCB Wizard 2.5 LIGHT/DARK files or word circuit mask alternative
	45 mins
	Using a pre printed mask, etch and drill the required circuit. Add two 3mm holes for assembly onto final walker. CHECK THE QUALITY OF THE ETCHING, especially around the transistor.  Premake the outer legs using a CNC machine if possible. Use the DXF file provided or generate this from the Prodesktop or 2D Designer file. Get pupils to cut them out and finish whilst waiting for the circuits. Alternatively draw them out using the drawings provided and cut them by hand. ( the timing will not apply in the latter case). 

	Assemble Electronic Circuit (use word document walker circuit 2)
	1 hr
	Assemble and solder the circuit. Take pupils through putting circuit together step by step.

	Test the circuit.

And start making the gearbox.

(Use word document and walker circuit 1, also circuit side and circuit front)
	Approx 10 mins per pupil to test, one hour to build and test the gearbox.
	Combine this lesson with assembling the gearbox. Majority of pupils work on gearbox while individual pupils work with staff testing the circuit.  Test by

· Placing an LED and resistor in the motor output from the circuit. (Check polarity)

· Connect a 6v power supply to the power input, check it is turned on.

· Insert a solid wire into pin six on the DIL socket

· Touch this to the positive power track by inserting it into pin seven of the DIL. 

· The LED should turn on, if not adjust the preset slowly until it turns on.

· Using a multimeter measure the voltage on pin two when the LDR is covered then uncovered. Make a note of the ambient light level and conduct all tests in the same conditions. (Are you working in a shadow?)

· Measure the voltage level on pin three, the variable resistor input. Adjust the variable resistor until the voltage is mid way between the measured light and dark voltage levels.

· Disconnect the power supply and insert the op-amp (Must be a 741). Make sure the notch or dot is at the top.

· Reconnect the power supply. The circuit should now work. Cover the LDR and the LED should go off. Remove the cover and the LED should come on.

If it doesn’t work check

· The power supply gives a full six volts. 

· The preset is correctly adjusted

· The chip is inserted correctly

· The power supply is turned on.

· The etching is of a good quality

· The soldered joints are of a good quality.

· The ambient light level hasn’t changed or is interfering with the operation.  

	
	
	Now decide how you want the walker to work i.e. walk in the dark/light or when a torch is shone on the LDR. For the first option swap the LDR and R4. For the latter turn the variable resistor until the LED just turns off. Adding the light form a torch should now take the LDR light level just above that of the variable resistor.   

	
	Approx one hour
	Majority of the pupils should now be assembling the gearbox as per instructions. The prequel to this lesson could be an input on the need for gearing to increase torque. Use the modified drive shaft and grip the final gear between two 3mm nuts.. Solder flying leads to the motor. (DO NOT HEAT THE CONTACTS FOR TOO LONG OTHERWISE THE PLASTIC HOUSING WILL MELT). OIL THE MOTOR then test it. Spin the motor shaft by hand and make sure it turns freely. If not stop and see where the re using a six volt battery supply. (it may not work with a bench supply).  Add a nut lock agent  if possible to the final gear arrangement once you are happy with how the gearbox works.

	Assemble the circuit and gearbox. Mark out and drill the backing plate. (use prodesktop file back or jpeg backing plate)
	Approx 10 mins to test, 45 to make backing board.
	Connect the motor assembly to the electric circuit, add a power supply then test by covering the LDR. Mark out, cut and drill the backing board. Drill all holes with 3mm drill. Fix back of 6 volt AA battery box lid to backing plate using double sided tape then drill and mount using 3mm engineering screws.

	Assemble the walker. Test operation.
(use Prodesktop assembly drawings or Jpeg assembly drawings. Also the photos in the walker pics folder
	Assembly, Approx one hour, testing and fault finding can be up to twenty mins per walker depending on the problems encountered.
	Add the 3mm bolts that form the studs for mounting the legs. Screw the backing board to the rear of the walker using self tapping screws. Add the cranks and studs to the motor axle. Align them so they are as close as possible to the inner leg s as the arrangement allows. Use nylocks to maintain the vertical position of the outer legs on the studs and cranks. This will take some time to set up properly. The legs should be vertical. NOTE, the slots in the outer legs should be the same length as the diameter as the cranks. They may still bind if the are not in the right  position relative to the crank. There should always be a gap of approx 3 mm between the ends of the slot and the crank stud.
Test the walker but support the inner legs so the outer legs can turn freely during the first operations. Align the outer legs so they turn together as one.  


