
QUASAR KIT No. 1139 
MINI-DRILL SPEED CONTROLLER 

 

GENERAL DESCRIPTION 
The mini-drill has become an indispensable tool in every amateur's workshop. The most common models have a small 
DC motor which takes anything between 12 and 24 Vdc and can reach quite high speeds of up to 20,000 rpm or more. 
The speed is related to the supply voltage and it is not uncommon to connect a mini-drill across the output of a 
regulated power supply in order to control its speed for the different jobs…. 
 
…. and it is not uncommon either to have problems with this kind of arrangement! 
 
The most usual problems encountered are the following: 
 

a. The relatively high current which is usually drawn by the drill at the moment of start-up is sufficiently high to 
overload the regulator of the power supply, which in turn lowers the output voltage as the internal protection 
circuit comes into action. This results in s sluggish start of the motor and if the voltage is very low (when a low 
speed is required) the motor may not start at all. 

 
b. Even if the regulator is of a much higher rating than the motors current requirements and especially with the 

most powerful models of mini-drills, the IC is often damaged by the back-EMF which is produced by the motor 
especially when it is overloaded. 

 
c. Last, but not of least importance, is that although the speed for a certain job has been adjusted correctly, as 

soon as the drill is loaded its speed drops dramatically. This is normal as the voltage across the motor 
remains constant and the job requires more power which cannot be drawn from the supply unless the output 
voltage is increased. 

 
The circuit described below gives an elegant and inexpensive solution to all these problems and will make the mini-
drill much more useful even in those cases where you may have had to use a bigger, more powerful and considerably 
more difficult to handle power tool. 
 
TECHNICAL SPECIFICATIONS 
Supply Voltage:  20Vac 
Output Voltage:  4 - 26Vdc adjustable 
Output Current:  3A continuous (5A peak) 
Sensitivity:  5Vdc 
 
HOW IT WORKS 
The circuit has been designed around the L200 which is a programmable voltage regulator manufactured by sea. This 
circuit has some unique characteristics which make it very suitable for this task. These characteristics are: 
 

a. Low input output voltage difference (approximately 2V) 
b. High current rating for continuous operation (2A) 
c. High short circuit current (3.6A) 
d. Self-protection against reverse currents, high input voltages (up to 60 V) and high temperature. 

 
All the above characteristics make this IC the regulator of choice for difficult and demanding tasks. 
 
In this application the output voltage of the regulator which is taken at pin 5 of the IC is controlled by the input voltage 
present at pin 4, which is dependent on the setting of the potential divider R1, P1 and the output voltage of the op-amp 
IC2. The lower the voltage at pin 4, the higher the output of the circuit will be. In practice the potentiometer P1 is used 
to control the output voltage of the circuit. The gain of the op-amp is controlled by the ratio P2/R3 and is variable. 
 
The current drawn by the mini-drill flows through the resistor R2 and the voltage drop across this resistor is applied to 
the non-inverting input of the op-amp. As the load increases the current drawn by the mini-drill increases too and the 
voltage drop across R2 becomes higher. Consequently the voltage at the output of the op-amp and at the control pin 
of IC1 decreases. The regulator responds to this change by increasing the output voltage accordingly, therefore 
increasing the voltage across the drill to meet the higher power demand of the situation. 
 
As you can easily deduct, the higher the current that is drawn by the drill for a given situation, the higher the voltage 
drop across R2 will be and this will force the regulator to increase the output voltage even more. 
 
The voltage drop at the output of the op-amp is governed by the gain of the circuit and by means of P2 it can be 
adjusted to produce an increase of the output voltage of the circuit from a minimum of 0 V to a maximum of 5 V above 



its preset value. This increase is sufficient to maintain the speed of the drill under heavier loads while at the same time 
is within the tolerance limits of the average motor to avoid damaging the drill. 
 
When the heavy load is removed, the power requirements of the drill become lower, the current through the resistor 
R2 drops, the voltage drop becomes lower, the output of the op-amp goes higher and therefore the output of L200 is 
reduced. The result is that the revolutions per minute of the drill are maintained once more at their preset value. 
 
You may wonder what happens if the load becomes so heavy as to stop the drill and thus cause it to draw extremely 
heavy currents which could result in damage to the drill or the power supply. As you can see, there is a current shunt 
resistor (R6) connected between the output (pin 5) and pin 2 of IC1. This resistor is in fact connected in series with the 
output of the regulator and any voltage drop across it beyond certain limits will trigger L200’s internal protection and 
will cut the output of the circuit. 
 
The capacitor C4 which is connected in parallel with the output of the circuit absorbs any spikes caused by the sparks 
which are produced on the motor's collector, while C3 introduces a certain delay to the response of the compensation 
circuit to avoid abrupt changes of the drill’s speed. 
 
The circuit also includes a bridge rectifier to rectify the transformers AC output and a simple smoothing filter which 
consists of C1 and C2. The resistor R5 biases the base of the power transistor. The step down transformer (not 
included) should be rated at 20Vac, 3A and with such a rating the circuits output can be varied between 3.5 and 22 
Vdc. 
 
ATTENTION 
In the kit you may find precision metal film resistors with different colour coding. The values of these resistors can be 
read as follows: 
 

1st colour band: 1st significant figure 
2nd colour bend: 2nd significant figure 
3rd colour band: 3rd significant figure 
4th colour band: multiplier 
Space 
5th colour band: tolerance 

 
CAUTION! 
This circuit works off the mains and there are 220 Vac present in some of its parts. 
 
Voltages above 50V are DANGEROUS and could even be LETHAL. 
 
In order to avoid accidents that could be fatal to you or members of your family please observe the following rules: 
 

 DO NOT work if you are tired or in a hurry, double check everything before connecting your circuit to the 
mains and be ready to disconnect it if something looks wrong. 

 DO NOT touch any part of the circuit when it is under power. 
 DO NOT leave mains leads exposed. All mains leads should be well insulated. 
 DO NOT change the fuses with others of higher rating or replace them with wire or aluminium foil. 
 DO NOT work with wet hands. 
 If you are wearing a chain, necklace or anything that may be hanging and touch an exposed part of the circuit 

BE CAREFUL. 
 ALWAYS use a proper mains lead with the correct plug and earth your circuit properly. 
 If the case of your project is made of metal make sure that it is properly earthed. 
 If it is possible use a mains transformer with a 1:1 ratio to isolate your circuit from the mains. 
 When you are testing a circuit that works off the mains wear shoes with rubber soles, stand on dry non-

conductive floor and keep one hand in your pocket or behind your back. 
 
If you take all the above precautions you are reducing the risks you are taking to a minimum and this way you are 
protecting yourself and those around you. 
 
A carefully built and well insulated device does not constitute any danger for its user. 
 
BEWARE: ELECTRICITY CAN KILL IF YOU ARE NOT CAREFUL 
 
 



CIRCUIT DIAGRAM 

 



GENERAL SOLDERING ADVICE 
First of all let us consider a few basics of building electronic circuits on a printed circuit board. The board is made of a 
thin insulating material clad with a thin layer of conductive copper that is shaped in such a way as to form the 
necessary conductors between the various components of the circuit. The use of a properly designed printed circuit 
board is very desirable as it speeds construction up considerably and reduces the possibility of paling errors. Smart Lit 
boards also come ore-drilled and with the outline of the components and their identification printed on the component 
side to make construction easier. To protect the board during storage from oxidation and assure it gets to you in 
perfect condition the copper is tinned during manufacturing and covered with a special varnish that protects it from 
getting oxidized and also makes soldering easier. 
 
Soldering the components to the board is the only way to build your circuit and from the way you do it depends greatly 
your success or failure. This work is not very difficult and if you stick to a few rules you should have no problems. The 
soldering iron that you use must be light and its power should not exceed the 25 watts. The tip should be fine and 
must be kept clean at all times. For this purpose come very handy specially made sponges that are kept wet and from 
time to time you can wipe the hot tip on them to remove all the residues that tend to accumulate on it. DO NOT file or 
sandpaper a dirty or worn out tip. If the tip cannot be cleaned, replace it. There are many different types of solder in 
the market and you should choose a good quality one that contains the necessary flux in its core. to assure a perfect 
joint every time. DO NOT use soldering flux apart from that which is already included in your solder. Too much flux 
can cause many problems and is one of the main causes of circuit malfunction. If nevertheless you have to use extra 
flux, as it is the case when you have to tin copper wires, clean it very thoroughly after you finish your work. 
 
In order to solder a component correctly you should DC the following: 
 
Clean the component leads with a small piece of emery paper. 
 
Send them at the correct distance from the component’s body and insert the component in its place on the board. 
 
You may find sometimes a component with heavier gauge leads than usual. that are too thick to enter in the holes of 
the p.c. board. In this case use a mini drill to enlarge the holes slightly. Do not make the holes too large as this is 
going to make soldering difficult afterwards. 
 
Take the hot iron and place its tip on the component lead while holding the end of the solder wire at the point where 
the lead emerges from the board. The iron tip must touch the lead slightly above the p.c. board. 
 
When the solder starts to melt and flow wait until it evenly covers the area around the hole and the flux boils and gets 
out from underneath the solder. The whole operation should not take more than 5 seconds. Remove the iron and 
allow the solder to cool naturally without blowing on it or moving the component. If everything has done properly the 
surface of the joint must have a bright metallic finish and its edges should be smoothly ended on the component lead 
and the board track. If the solder looks dull, cracked or has the shape of a blob then you have made a dry joint and 
you should remove the solder (with a pump. or a solder wick) and redo it. 
 
Take care not to overheat the tracks as it is very easy to lift them from the board and break them. 
 
When you are soldering a sensitive component it is good practice to hold the lead from the component side of the 
board with a pair of long-nose pliers to divert any heat that could possibly damage the component. 
 
Male sure that you do not use more solder than it is necessary as you are running the risk of short-circuiting adjacent 
tracks on the board, especially if they are very close together. 
 
When you finish your work, cut off the excess of the component leads and clean the board thoroughly with a suitable 
solvent to remove all flux residues that may still remain on it, 
 
As it is the case with all the projects from Smart Kit, and this is not an exemption, all the components are clearly 
marked and the printed circuit board is ready to accept them. The place of every component is marked on the board 
and there is no guesswork about their placement. 
 
KIT ASSEMBLY ADVICE 
Start by identifying the components and separating them in groups. We suggest you construct the board in the 
following order: 

  
 Add the two jumper connections which are marked on the component side of the board. The jumper (J1) 

between the collector of TR1 and R6 should be quite thick as it carries all the output current of the circuit.  
 Add the small resistors R1, 3, 4 & 5. 
 Add the socket for IC2 
 Add the pins for the external connections and solder them in their places.  



 Continue with the large resistors. Remember to mount R2 and R6 at a little distance from the printed circuit 
board as they may to become quite hot, especially when the circuit is supplying heavy currents, and this could 
possibly damage the board.  

 Continue with the capacitors observing the polarity of the electrolytic capacitors 
 Solder in place the bridge rectifier 
 Mount the potentiometers on the PCB  
 Loosely attach the power transistor TR1 and IC1 to the heatsink, using some heat transfer compound 

between their metal parts and the heatsink in order to improve the heat flow. 
 Now mount the complete assembly into the board, taking care to align them correctly and solder the 

component pins. Remember to fully tighten the screws after soldering. 
 Attach two pairs of leads for the input and output connections.  
 Make a very careful inspection of the board and clean it to remove soldering flux residues. Make sure that 

there are no bridges that may short circuit adjacent tracks. 
 
If everything appears to be all right connect the input of the circuit with the secondary of a suitable mains transformer. 
Connect a voltmeter across the output of the circuit and the primary of the transformer to the mains. 
 
DO NOT TOUCH ANY PART OF THE CIRCUIT WHILE IT IS POWERED! 
 
The voltmeter should measure a voltage between 3.5 and 20 Vdc depending on the setting of P1, and should follow 
any changes of this setting to indicate that the variable voltage control is working properly. 
 
If this stage of the testing is successful disconnect the circuit from the mains and connect your mini-drill across its 
output. Turn the power on and adjust P1 until the sound of the motor is about your usual setting. If you load the drill 
you should not detect a great change in the motors speed. Adjusting P2 will let you compensate for different loads. 
 
 
CONNECTION DIAGRAM 

 
 
PARTS LIST 

 
All components including printed circuit board, assembly instructions including schematics and detailed parts list are 
supplied when you purchase the kit. 

 



ORDERING INFO 
 
For pricing info and online ordering please visit: 
 

www.quasarelectronics.co.uk/1139.htm  
 
For further info please contact us by e-mail:  

 
sales@QuasarElectronics.co.uk 
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