
BUILDING A MANUAL MACHINE 

PRESENTED BY 

 

GRAIG 



Building a machine fascinates people. Seeing the mechanical fruits of your labor roll, slither, 

stalk, or lurch across the living room floor has fired the imagination of tinkers of all ages. 

Whether your ideal machine is a wire controlled machine, explores Mars, fetches files in your 

office, or just looks way cool, the thing is, if you can imagine it, you can build it. When designing 

a machine we need to keep in mind the most important thing is to keep things simple which in 

a way is very difficult ☺ 

Here I will try to give u some useful pointers and do and don’ts on how to go about in making a 

machine. Please don’t relate to just nexus because it is a general purpose tutorial aimed to 

people looking for some guidelines before they start to make a machine. 

 

KISS 
One thing that you need to fit in your mind is; “keep it simple and stupid” is the best strategy in 

the world and yet you can explore ‘out of the box’ idea at the same time! No matter how good 

electronics control system is in the machine if it is not mechanically robust it will not be a good 

machine but a good mechanically constructed machine with bad controls is still a good 

machine!! 

I have seen in general when people get to know a problem statement they are very excited 

about it and just start working on the machine, but as the work goes on, they seem to fall in a 

trap and slowly they feel that the construction on the machine is going nowhere and some time 

they just give it up or change the approach and start all over again This causes lots of frustration 

and a waste of time and money. 
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Steps 
If you guys want to avoid all this, there are some simple steps to be followed for making any 

machine you want 

 

1. Brainstorming 

2. Idea Filtration 

3. Designing and Simulation 

4. Building and fabrication 

5. Testing & Debugging 

The above ideas are explained as follows: 

1. Brainstorming: This is mostly not a single member activity and participation of all the 

team members is encouraged. So you need to come up with all ideas here you can bend all 

the rules of physics or mathematics take your thoughts till the edge of space. The aim is to 

THINK THE UNTHINKABLE.. If you can do it, believe me, 80% part of your competing is over, 

and then it is just about implementing it, for that you need to solve the problem in no 

matter how stupid, weird or simple ways. You just need to get the ideas flow out of your 

heads and just keep a list of things you like. 



 

2. Idea Filtration: You need to analyze the ideas you have conceived and then check the 

compatibility and feasibility of the idea. Here the idea goes through a filtration process. Like 

do you have the technology available, the skill set to implement it, the components 

required, the budget to buy the needed components, and the time available to make it. The 

most important thing that you should keep in your mind is that STICK TO THE BASIC TASK 

and discard the ideas which need a lot of complicated tools which are not available in 

market. This is important as it saves you a lot of time, energy, money and keeps you away 

from a FRUSTATED stage.  

In general this process also is done when you present your ideas to the team so that it can 

be discussed whether the concept is feasible or not. These activities are one of the most 

important steps in building the machine and yet they don’t require lot of capital. The only 

thing which is required is time and some use of your head ☺. This will be the idea on which 

you will bet your money and some time your life on, hence you need to be very clear about 

this decision you will be making. 

 

3. Designing and Simulation: Here your engineering skills will come into action and you will 

have to see HOW you will be going about in making your machine. For that you need to 

check the specification required in the competition to do the task. 

Now let’s see some part of design and simulation 

 

Locomotion: Then you can decide what type of motors you will use, what type of 

locomotion will be implemented in the wheels, track belts, whether you would go for 4 

wheels, 3 wheels, and 6 wheels or even a legged machine, not to forget the electronics and 

control system used. Then you will have to select the type of structure you will require to 

make the machine and the type of material to be selected for making different components. 

If you make the wrong choice your machine will not sustain a fatal damage or it would run 

out of power before it completes the task. If you make the right choice, your machine will 

survive, intact. There are lots of things to consider. So you will need to give it some serious 

thought. 

 

Motor selection: This will help you to select the torque required by your motor on a 

certain rpm which will give you the power required by the motor from which you will be 

able to decide (keeping the voltage in the limits) how much amps the motor is going to 

consume through which you will be able to decide what type of batteries you would 

require. Here junta will fall in what I call ‘chakaraview’. As you want your machine to be the 

fastest in the competition you will prefer a powerful motor thus it will consume lot of 

current. You will need a thicker wire for that. You will need stronger chassis and bigger 

batteries, bigger motors, all of which will make the machine heavy. Thus you will become 

slower and won’t go faster. You will have to balance your requirements and play with the 

above parameters so that you could come to equilibrium. This will depend on what strategy 

you implement and what you have in mind about these: speed, torque, weight, and power 

or battery life. 



Please remember: 

• Higher the rpm lower the torque. 

• You will need more current at higher speeds and the places where heavy work is to 

be done. 

• For manual machines the control is more important so concentrate on practice with 

lower rpm than on higher rpm and less practice. 

• Use belt around the wheels for the manual machines as it helps to tackle most of the 

hurdles easily. 

• To lock the motor short the two terminals. We use a bell button to achieve this. 

Our recommendation for motors will be as follows 

 

Application Motor RPM Remarks 
Manual robo race  Dc motor 12V  

(it can be safely 

operated up to 18V) 

150 Low rpm provides good torque 

hence a good acceleration plus it 

becomes easy to control on sharp 

curves 

Lifting a object  12V DC motor  10 Provides high torque, hence helps 

in such applications 

Autonomous line  

follower  

12V dc motors  150  For tracks having sharp turns the 

higher torque helps in turns and 

you can implement it with a simple 

algo 

  300+ For simple tracks with curves of 

more radius where speed is 

important. Please note if you are 

able to implement good algorithms 

you can use it for sharper turns 

also. 

Micromouse 12V or 6V stepper   200 revolutions 

per sec 

Easier to use than dc motor as you 

can count steps. Lowers voltages 

help in weight reduction, but it is 

done at the cost of torque. 
 

Power Supply: If you are building a manual machine you should buy a battery 

eliminator. It can be connected to a 230V supply and you get 12V regulated supply at 

the output. It provides a max current of 3A which is sufficient for all of our applications. 

The eliminators are also available in variable mode but they provide a max current of 

1A. It should be noted that these eliminators never give exact voltage values i.e. a 12V 

eliminator will give at least 15V at no load and the difference increases with age. Still it 

is necessary to but one before you start any machine building.  

You can get a eliminator from cannon or from the shops behind Sadia Theater in around 

150 to 200 Rs. 

For autonomous machines batteries are compulsory.  

 



Wheels: these are really important as wheels slipping from your motors shaft can put 

you into real trouble. Avoid using ticso tapes for fitting tires, try to use tires with screw 

fitting.  

 

Connecting wires: For manual machines you can buy bus wire from cannon. It costs 

around 6 to 10 Rs. Per square feet and is easily available in cannon. Buy around ½ meter 

extra wire than your requirement.  

 

Chassis: One can use a wooden, metallic or plastic chassis. But as far as manual 

machine is concerned a wooden chassis is easy to build and work with than other two.   

You can fit the motors on chassis by using clamps or you can prepare a frame. 

 

Layout: Once you have lined out the things you can start making the layout of the 

machine and decide where all the components will go and how will they fit. You will 

have to decide which mechanism will be used mostly for lifting of the block and holding 

it, where use of gears can help in the increase of the torque applied the key thing is to 

have as less number of actuators as possible which will keep the design simple and less 

parameters to control. Here are some various software for doing all this kind of work, 

like AutoCAD, Pro E, Solid works, Adams, catiya etc or you can simply do it in a drawing 

sheet and draw a 1:1 scale drawing of the machine, that’s how I started and then slowly 

shifted to these software to design complex machine. But in the end of the day all 

designs start on a blank piece of paper, from there you can take it anywhere you want. 

This will help you to decide how you will be going about the construction of the machine 

and how will each component fit and how will it work during its performance. Please 

remember this helps a lot when you have to go to some industry or workshop for the 

building work. 

Once everything is lined out you can go ahead and build the machine 
 

Note: While designing please keep in mind that design the machine in a way that it will be easy 

for you to service your machine at any point of time. So the things which you will not be 

opening and replacing frequently you can provide some extra strength so you don’t have to 

change the component. 
 

4. Building and Fabrication: When the design is finalized, start picking your tool and actually 

start working on your machine. Till now everything what was being done was on the paper 

and planning to make the machine. As we already have the detail drawings of the machine 

we just explode the machine into drawings of smaller components which will make it easy 

for us to fabricate them. Well once I had taken the full drawing of the machine to a 

workshop thinking that I will impress the machinist but on the other end he kicked me out 

of his workshop. It was then I realize that it will be easy for them to understand if I make 

different drawings of each component with their dimensions. Well there will be some time 

you will not be able to make everything in the workshop and make it yourself, so I 

recommend that you at least have some basic tools like screwdriver, hammer , bench vice, 



drill machine, hacksaw blade to say a few. Do some groundwork home. While building sees 

if you can use components which are industry’s standard products, it will help you to build 

your machine much faster easily and will cost u less. 

 

Other sources: The other good pool of components is a flea market famously known as choor 

bazaar or jumma bazaar in most places in India, the choor bazaar in Aurangabad is besides 

abhinay theater on every Sunday. Remember to go there early in the morning so that you can 

get lot of things. Here you will find motors of automobiles which are very high torque and are 

cheaply available, or sum broken toy from which can use the gear of its component or a stepper 

motor which will be there in a broken printer or sum condemned part of a highly sophisticated 

machine with quality components like gears encoders and high performance motors. The key 

thing is you will need to bargain a lot because these people will not know sometime what are 

they selling so you can get it in a very cheap price!!  

The down side is that you can’t ask for a replacement or any other model or size. One more 

thing you need to take care of is the components which you see might not be available the next 

time you go there or you will find the exact component in the first attempt so you will have to 

be a regular visitor to the market which is what I used to do and some time I used to find a good 

Swiss motor which I used to buy and use it when I required. If you make your machine using 

correct tools it will be helpful for you to do as you won’t have to look at it again for its failure 

which will reduce lot of headache for you in future.  

When building the machine I advice you to use maximum 2 sizes of screws and fasteners like 4 

mm & 3mm which will help you to use less tools, cost less and will reduce complications while 

making the machine. Use bearing wherever required. If bearing is too heavy or there is very 

small space you can use nylon bushing. Lubricate fast moving parts to reduce friction. 

Also remember to buy a good tool box, a hex saw, a hand drill, a hammer and a file these tools 

are really handy. You will get these tools in hardware shops in city chowk. 

 

5. Testing and Debugging: Please note that your machine should be at this stage at least 2 

days before the actual competition. Once the machine is made you will need to make sure 

that it is working properly and according to the design. It is a rare case that it will start 

working the first time!! If the machine does not work, don’t worry you will need to tune the 

machine by adjusting some components so that they work together. Tighten or loosen 

some screws to make it move properly. Check the circuit and see if the control system is 

able to work and you are able to control the machine But once the mechanical part is done 

perfectly you don’t have to give much attention to it and can concentrate on making the 

controls part of the machine and improvise on it. Well this thing can also be done in stages 

and checked as a whole when all the components are fitted together and the machine is 

working as one system. 

 

Caution!!! 

If you interchange any of the stages you will find cursing yourself. So if you want to avoid that 

situation please follow these steps:  



If you observe that is you give more time and effort in the step above you will have easier time 

in the next step. So if one has done brainstorming a lot then idea filtration will be some less 

hassle and one might arrive to a direct solution. If you have skill sets and the technology 

available then you will have more options to the next step. 

When you come to the designing stag you will not have to worry as the idea is so simple that it 

will not take any effort to design the whole machine. When the designing is very detailed, 

fabrication there will be of less confusion and all the components will fit exactly in one another. 

While all the components have been manufactured according to specification the testing and 

debugging will hardly take time. You will have a good machine ready in no time.  

If one does exactly the opposite then you will find him sitting in one corner making the machine 

during the competition figuring out what to do, fixing sum failure or soldering a wire because it 

has broken again. At the end organizer will be calling out his name (if you have been to some 

competition I think you might have seen this situation…) 

 

 

 

 

 

 

 

 

 

Now that we have some idea about how to build a machine, let’s get some idea 

about more mechanical stuff… 

Gears: 

Local available gears don’t provide such high efficiencies. Multiply efficiency in calculation by 

multiplying in with ratio. 

• Spur Gears: Efficiency ~ 70% - 60% 

      
• Chain and Sprockets: 

Efficiency ~ 65% - 40% 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

• Belt and Pulley 

Efficiency ~ 70%-55% 

 



 

• Bevel Gears 

Efficiency ~ 60% - 35% 

 
• Worm Gears 

Efficiency ~ 50% and less 

 
 

 

 

GRIPPERS: 

• Pneumatic linkage grip 

1.  Axis-Pneumatic Cylinder extends & retracts linkage to open and close gripper. 

2.  Axis-Pneumatic Cylinder, pulling 3 fingers for a 2-axis grip 

• Motorized grip 

Slow 

More complex (gearing) 

Heavier 

• Roller grip 

Slow 

Allows for misalignment when grabbing 

Won’t let go 

Extends object as releasing 

Simple mechanism 

• Pneumatic grip 

Vacuum: 

Generator & cups to grab 



Slow 

Not secure 

Not easy to control 

Simple 

Problematic 

• Friction: High is needed (over 1.0 mu) 

Rubber, neoprene, silicone, sandpaper 

• Force: Highest at grip point 

Force = multiple x object weight (2-4x) 

Linkage, toggle: mechanical advantage 

Extra axis of grip = More control 

Best grip = roller gripper 

 

Mechanical tips in short 

• Know your limitations 

Machining 

Design 

• Keep track of weight 

Spreadsheet 

Estimates and actual 

Include materials 

Have 250gm-500gm buffer 

Assign per subsystem 

Get a good scale 

• Think about maintenance during design 

Access to parts 

Determine high maintenance parts 

• Keep the center of gravity low 

Battery/Compressor 

Wheel Base 

• Prototype ideas 

• Create design drawings 

2D or 3D 

CAD or paper 

Keep at building site 

• Standardize hardware 

Metric or standard 

1-2 Sizes (3mm, 4mm, 5mm) 

Lots of lengths 

• Too much traction can be bad while turning. 



• Be aware of machine systems when drilling or machining parts on the machine 

• Avoid cantilevered shafts 

• Avoid stalling your motors 

• Use the right tool for the job 

• Make spares 

• Get a base and drive train done quickly 

• Don’t forget about pneumatics 

 

You can use the automobile fuel pump as a on board pneumatic pump on your 

machine!! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Common materials 
• Metals 

Iron 

Steel 

Aluminum 

 
 

• Forms 

Extruded 

Plating 

Angle (L) 

Tubing (�,) 

 



• Wood 

Fiberglass 

Foam board/sun board 

Acrylic 

 
• Carbon fiber sheets/ rods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Typical prices of items in Aurangabad and places where you can get them: 
Item  Price (in INR) Place 

Motors 150‐200 Cannon Electronics 

 – 0240‐2352895 

Shree Electronics  

‐ 9422211522 

Jain Electronics 

‐ 0240‐2338730 

Wires  6‐10 / feet Cannon Electronics 

 – 0240‐2352895 

Shree Electronics  

‐ 9422211522 

 

Dpdt switch (for  remote ) 15‐25 Cannon Electronics 

 – 0240‐2352895 

Shree Electronics  

‐ 9422211522 

Jain Electronics 

‐ 0240‐2338730 

Wheels  40/pair Cannon Electronics 

 – 0240‐2352895 

Shree Electronics  

‐ 9422211522 

Jain Electronics 

‐ 0240‐2338730 

Hand drill+ frill bit   

Hex saw   

Hammer   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


