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DESCRIPTION 
The ROBOT ARM is a five-axis pick-and-

place manipulator. The axes provide the 
following functions: gripper, gripper 

rotation, wrist, forearm and arm. Each 
of the axes is driven by an electric 

motor. The ROBOT ARM is controlled by 

five two-way switches and is powered 

by four AA batteries. 

 

 

SECTION 1: GENERAL AND PLANNING INFORMATION 

1. DESIGN CONSIDERATIONS 

1.1 GENERAL 

The drawings provided are a starting point for the designer's design. The basic design 

of the ROBOT ARM needs to be as per the drawings as it aims to provide maximum axis 

rotation. 

The assembly drawings show the relationship between the various components - 
changing one component usually influences the design or location of several other 

components. The design of the ROBOT ARM should be considered as a complete unit, 

not just as separate parts. 

Before starting construction, the designer needs to carefully plan and layout all of the 
components. 

The designer needs to determine the material from which the ROBOT ARM is to be 

constructed. Our choice was clear and grey PVC. Other materials may be substituted - 
some materials are easier to work with, some are more durable, others are lighter. 

The drawings show a number of holes and additional cut-outs, in various plates. These 
are included, to allow a small Phillips screwdriver to be inserted, to tighten the bolts 
that attach the gear cases. If the designer plans to have the nuts holding down the 

flanges, these holes and cut-outs are not required. 
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1.2 ITEMS FOR INVESTIGATION 

This project provides a number of different aspects of the ROBOT ARM for investigation. 

Some ideas are listed below. 

 Evaluate the suitability of various materials, such as PVC and Perspex. 
 Investigate different mechanical robot configurations. Describe the operation of a 

particular robot's control system? 

 Investigate adding a control system to the ROBOT ARM. 

To carry out the project, the student must: 

 Determine the requirements. 

 Design the components. 
 Mark out the component shape and size. 

 Fabricate the component parts. 
 Assemble the components. 
 Connect and solder the wiring, switches and motors. 

The student will learn and use a variety of skills - designing, marking out, cutting 

materials to shape, bending, assembling and soldering. The ROBOT ARM has scope for 

experimentation and development of alternative forms of control. 

 

SECTION 2: COMPONENTS & MATERIAL REQUIRED 

2.1 COMPONENTS SUPPLIED 

The following components are supplied in the kit: 

 

2.2 ADDITIONAL REQUIREMENTS 

The following items are required and are available from Scorpio Technology: 

 Battery – AA, 4 required (BATTAA) 

 Drill Bit – 2.3mm (DB2.3) 
 Drill Bit – 2.6mm (DB2.6) 

 Drill bit – 3.0mm 
The following material is to be supplied by the student / designer: 

 Electric hook-up wire – Multi-strand in assorted colours 

 Cable ties 
 PVC sheet – 3.0mm x 150mm x 250mm 

 PVC sheet – 4.5mm x 250mm x 500mm 
 PVC Sheet – 4.5mm (or 6.0mm) x 150mm x 150mm 
 Rubber - 2mm x 100mm x 15mm 

 NOTE: Plastic materials can be purchased from plastics suppliers (in the Yellow 
Pages under the heading “Plastics Fabricators” or search the Internet.) 
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2.3 TOOLS REQUIRED 

The following tools are required: 

 Assorted hand tools 
 Soldering equipment and solder 

 Vernier calliper (Ruler) 
 Hammer 

 

 

SECTION 3: ASSEMBLY 

The ROBOT ARM consists of five sub-assemblies that are assembled by inserting a 

linking shaft at each of the rotating joints. Refer to the drawings and exploded views 
for a guide to parts fabrication and assembly. The instructions should be followed as 
closely as possible. The procedure may need to be varied if the designer has modified 

the design. 

 

3.1 SHAFTS 

 Steel Shafts should be cut using a hacksaw or small bolt cutters. De-burr the ends 
of all Shafts using a fine file. 

 The quantity and length of 2.5mm diameter Shafts required for the ROBOT ARM are: 

9 x 17mm, 3 x 23mm, 1 x 53mm, 1 x 58mm, 2 x 70mm, 1 x 90mm. 

3.2 ASSEMBLING THE GEAR CASES 

Five gear cases are supplied - for dimensions and additional details refer to drawing 
"ROBOT ARM – 1, 6 and 8". Three of the gear cases are identical. The assembly 
procedures are detailed in the following sections and shown in the drawings, and must 

be used together. 

3.2.1. STEPS COMMON TO ALL GEAR CASES 

 

 A total of five gear cases need to be assembled as follows: 

 Assemble a worm gear to each motor. A clearance of about 1mm should remain 
between the worm gear and the motor. 

 Assemble each motor to the gear case using two 2.6x4mm self-tapping screws.  
 Each gear case requires a 17mm shaft. Assemble the shaft, a 12T pinion and a 30T 

spur gear to the gear case. The 30T spur gear must mesh with the motor's worm 

gear.  
 Refer to drawing ROBOT ARM – 8, for a view from underneath, showing how the 

gears and shafts are assembled. 

3.2.2. GRIPPER JAW GEAR CASE 

 No additional assembly is required for this gear case at this point. The remainder 
of the assembly is performed later – after gear case testing. 

3.2.3. WRIST GEAR CASE 

 Assemble a 17mm shaft, a 12T pinion and a 60T spur gear to the second hole in 
the gear case. The 60T gear must mesh with the 30T spur gear. 

HINT: Deburr all sharp edges using a smooth file. 

HINT: Deburr all holes using a countersink bit. 

CAUTION: You will damage the motor if you use screws that are too long. 
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 Assemble a 53mm shaft and a 60T spur gear to the third hole in the gear case. 
Both 60T spur gears must mesh with each other. The shaft must protrude from the 
side closest to the 60T spur gear. 

3.2.4. FOREARM, ARM AND BASE GEAR CASE 

 Assemble a 17mm shaft, a 12T pinion and a 60T spur gear to the gear case. The 
60T spur gear must mesh with the 30T spur gear. 

 Assemble a 23mm shaft and a 60T spur gear to the gear case. Both 60T spur gears 
must mesh. The shaft must protrude from the side closest to the 60T spur gear. 

 Assemble a 12T pinion to the protruding shaft. If during operation, the 12T pinion 

slips excessively on the shaft, then use a cold chisel to form longitudinal serrations 
on the shaft. 

3.2.5. GEAR CASE TESTING 

 Each of the motor and gear case assemblies should be tested before proceeding 
further. To do this, connect 6 Volts DC (i.e. use the battery holder). The direction 
of rotation does not matter at this stage. 

If a motor does not turn: 

 Turn off the power and turn the worm gear by hand. 

 If the worm gear cannot be rotated, then the shafts may be too close together for 
free rotation. Alternatively, the motor may be damaged if screws that are too long 
have been used. 

 If the worm gear can be rotated freely, then remove the motor from the gear case. 
Check for signs of motor damage. Check that the motor operates. 

3.3 MECHANICAL ASSEMBLY 

 The ROBOT ARM should be assembled starting at the gripper and then working down 

to the base. This allows the more delicate parts of the ROBOT ARM to be tested first. 

3.3.1. GRIPPER ASSEMBLY 

 

 Assemble all four of the gripper links and both gripper actuating gears to the 
gripper base. Ensure that the gripper links are free to rotate. They should not be 

too tight nor too loose. 
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 Assemble the gripper jaws to the gripper links. Ensure that the gripper jaws are 
free to rotate. 

 Assemble the gripper rotation bearing to the gripper base. 

 Assemble the gripper worm gear to a 70mm shaft, approximately 20mm from the 
end. 

 Close the gripper jaws. Rotate the 70mm shaft to assemble it into the gripper 
rotation bearing. 

 Fit a 12T pinion to the shaft, where it protrudes from the bearing. 

 Assemble the gripper rotation gear to the gripper base. 
 Rotate the shaft to verify operation of the gripper jaws. 

3.3.2. WRIST 

 

 To the gripper jaw gear case assemble: the gripper assembly’s 70mm shaft, a 12T 
pinion and a 60T spur gear. The 60T spur gear must mesh with the 30T spur gear. 
The shaft must protrude from the side closest to the 12T pinion. 

 Assemble the gripper jaw gear case to wrist side plate #1. 
 Assemble the wrist gear case to wrist side plate #1. 

 Assemble two washers and a 12T pinion to the 53mm shaft on the wrist gear case. 
 Assemble wrist side plate #2 to the wrist assembly. 
 Check that the motors operate the gripper jaw and the gripper jaw rotation. 
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3.3.3. FOREARM 

 

 Assemble the forearm gear case to the forearm bottom plate. 
 Assemble both of the forearm side plates to the forearm bottom plate. 
 Assemble the forearm top plate to the forearm side plates. 

 Check that the motor operates. 
 Assemble the forearm assembly to the wrist assembly using a 58mm shaft, a 3mm 

spacer and a 4.5mm spacer. 

3.3.4. ARM 

 

 Assemble the arm gear case to arm side plate #1. 
 Assemble the arm bottom plate and the arm top plate to arm side plate #1. 

 Assemble the arm side plate #2 to the arm bottom plate and the arm top plate. 
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 Check that the motor operates. 
 Assemble the arm assembly to the forearm assembly using a 70mm shaft, a 3mm 

spacer and a 4.5mm spacer. 

3.3.5. BASE 

 

 Assemble the base gear case to a base side plate. 

 Assemble the base top plate to both of the base side plates. 
 Assemble the base intermediate plate to both of the base side plates. 
 Assemble both of the base side plates to the base bottom plate. 

 Assemble the base switch plate to the base side plates 
 Check that the motor operates. 

 Assemble the arm assembly to the forearm assembly using the 90mm shaft, a 
3mm spacer and a 4.5mm spacer. 
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3.4 WIRING AND ELECTRICAL TESTING 

 

 

 Insert the two-way switches into the base switch plate. The switches should be 

operated in a vertical direction. (Note that the middle position is off.) 
 Solder the positive (red) wire from the battery holder to one of the centre 

terminals on an end switch. Solder a wire from this terminal to the same position 

on the next switch. Repeat for all switches. 
 Solder the negative (black) wire from the battery holder to the (as yet 

unconnected) centre terminals on an end switch. Solder a wire from this terminal 
to the same position on the next switch. Repeat for all switches. 

 Solder a wire from the outer terminal of a switch to the diagonally opposite 

terminal of the same switch. Repeat for the other pair of diagonally opposite 
terminals. Repeat for all switches. 

 Pass wires for each of the motors on the inside of the robot arm. Allow sufficient 
length to allow the switch plate to be removed from the base assembly. Each 
motor requires two conductors. (Individual strands of wire, speaker wire that has 

two conductors or ribbon cable are suitable.) 
 Solder two of the wires to each of the motors. Solder the other end of the wires to 

the outer terminals of the corresponding switch. The switches should be in the 
following left to right order: arm, forearm, wrist, gripper rotation and gripper. 

 Place all of the switches in the centre (off) position. Using a multimeter, check that 

there is an open circuit between the positive and negative terminals on the battery 
holder. 

 Insert 4 AA batteries into the battery holder. 
 Check the operation of each switch in the down direction. When looking from 

above the resulting motion should be: arm = clockwise, forearm = clockwise, wrist 

= down, gripper rotation = anticlockwise (looking from gripper), and gripper = 
close. 

 Check the operation of each switch in the up direction. 
 Assemble the switch plate to both of the base side plates. 

 Use hot melt glue, or hook-and-loop tape, to attach the battery holder to the base. 
 

 

HINT: When soldering multi-strand wires, strip a short length of insulation from the 

end of the wire, twist the strands and then "tin" them. This is done by using a hot 
soldering iron to apply solder to the end of the wire. If required, solder flux may 

also be used. 
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SECTION 4: THEORY 

4.1 HOW THE CIRCUIT WORKS 

Each motor is independently switched forward-off-reverse by a two-way switch. For 

the schematic diagram, refer to drawing "ROBOT ARM-8". 

 

 

SECTION 5: FURTHER DEVELOPMENT 

After using the ROBOT ARM for a while, you may decide to make the ROBOT ARM 

more versatile. Sections 1 to 5 cover the fabrication and assembly of the basic ROBOT 
ARM, which is controlled by two-way switches. The concept of the ROBOT ARM can be 
extended by using a more complex control system. The degree of complexity of the 

control system is limited by the imagination and skill of the designer. Some ideas for 
further development are given below. 

As a starting point for further development, the ROBOT ARM CONTROLLER kit is designed 

to use a Picaxe, and this project allows up to 6 motors to be controlled with position 

feedback. 

5.1 MANUAL CONTROL USING SWITCHES 

The ROBOT ARM provides a simple control system by having each axis controlled by a 

manually operated switch. No limit-switches are installed. At the end of travel the 
gears may "jump" or rotate on the shaft. Limit-switches may be used to stop the axis 

motion just before this situation occurs. 

Switches can also be used, for example, to detect if the gripper jaws are holding onto 
an object. 

5.2 POTENTIOMETER POSITION SENSING 

 Potentiometers can be used as relatively low cost position sensing devices. A 

potentiometer is a resistor that contains a shaft - when the shaft is turned, the 
resistance changes. A simple control system can be created by using the 

potentiometer as a joint pivot and as the position sensing element. 
 If a second potentiometer is used to command the position, the difference between 

the two potentiometer settings can be fed into an op-amp. This signal then drives 

the axis motor. 
 This strategy provides a stepping-stone for the development of a computerised 

control system. To do this, replace the position commanding potentiometer, with a 
digital-to-analog converter. 

 To implement this control system on the ROBOT ARM, the following modifications 

should be made: 

 For axes that incorporate the 3mm spacer and 4.5mm spacer, remove one of the 
spacers to make room for the nut on the potentiometer. Drill holes to suit. The 

2.5mm shaft that holds the axes in position needs to be shortened. 
 For gripper position sensing, adapt one of the 50T spur gears to incorporate a 

potentiometer. 

 The gripper rotation gear can be used to drive a 12 tooth idler pinion, which in turn 
drives a 60T Spur gear. A potentiometer is connected to this 60T spur gear. Both 

of the additional gears can be added to the gear case at the end of the ROBOT ARM. 

5.3 POSITION SENSING USING AN ENCODER 

 An encoder is similar in appearance to a comb that has been formed in a circle with 

its spikes on the outside. The solid spikes are used to block the transmission of 
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light and the holes allow light through. A quadrature encoder is formed by 
arranging two sets of light emitter/detector pairs so that they produce a set of 
signals that are half a tooth out of step with each other. 

 For a constant angular rotation, the quadrature encoder's output consists of two 
(usually) square waves offset by 90 degrees phase. This type of position encoding 

is often used in computer mouse designs. 
 Other types of rotary position sensors output a special binary code called "Gray 

Code". This type of encoder has a number of outputs (e.g. 4). When the shaft of a 

"Gray Code" encoder is rotated, only one of the output signals changes at any one 
time. This is useful to eliminate glitches and to provide accurate position 

information to the remainder of the control system. 
 Some logic and an up/down counter is required to keep track of the position of 

each axis. This is irrespective of the type of digital position coding that is used. 

5.4 COMPUTER / MICROCONTROLLER CONTROL 

 When considering a computerised control system, software and electronics need to 

be developed. A strategy needs to be developed that convert the digital signals 
from the computer into a commanded position for each axis motor. 

 It may be possible to interface directly to a computer's data/address bus. 
Alternatively it may be possible to interface using an existing port (such as the 
parallel printer port or serial port). An option is to use a dedicated processor (i.e. 

Picaxe) to interface the computer to the ROBOT ARM. 

 The addressing of each of the five axes needs to be developed. This allows 
commands from the software to drive the appropriate motor at the required time 

and speed. For example, a digital-to-analogue converter (connected to the 
computer) and a potentiometer (connected to an axis) can then be connected to 
an op-amp. The difference between the signals would be amplified and used to 

drive power transistors controlling the axis motor. 

 A consideration is to determine if data needs to be passed from the ROBOT ARM 

back to computer. Data of this nature could be used to determine if an error 

condition has occurred or to report the status of a sensor. 
 The software of the computerised control system needs to be "user friendly" and 

should allow for the motions of the ROBOT ARM to be readily changed. This implies 

that a form of a data structure forming the commanded sequence is required. 

Creating, saving and loading of the command sequence should be provided. A 
"learn" mode could also be created. 

 


