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Handson Technology 

Data Specs 

3420 Dual Ball Bearing Long Life DC Motor 
 

Dual Ball Bearing long life DC motor with less than 30dB low noise. High torque with wide 

operating voltage 6~20Vdc. Suitable for motor tools application and DIY projects. 

 

 

 

 

 

 

 

SKU: FAM1032 

Specifications: 

 Motor Type: XD3420. 

 Low Noise Type: < 30dB. 

 Operating Voltage: 6~20Vdc. (Nominal 12Vdc) 

 No Load Speed: 3,500 RPM @ 12V. 

 Rated current: 400mA @ 12V. 

 Rated Torque: 19.6N.cm/2Kg.cm. 

 Long Life: 3,000 Hours Continuous operation. 

 Replaceable Carbon Brush. 

 Overall Size: 97 x Ø51 mm. 

 Shaft: Full Round Type Ø8mm. 

 Weight: 500g. 

https://handsontec.com/index.php/product/xd3420-dual-ball-bearing-long-life-dc-motor-3500rpm12v/
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Mechanical Dimension: 

Unit: mm 
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Application Note: Useful Motor/Torque Equations 

 

Force (Newtons)  

F = m x a  

m = mass (kg)  

a = acceleration (m/s2)  

 

Motor Torque (Newton-meters)  

T = F x d  

F = force (Newtons)  

d = moment arm (meters)  

 

Power (Watts)  

P = I x V  

I = current (amps)  

V = voltage (volts)  

 

P = T x ω  

T = torque (Newton-meters)  

ω = angular velocity (radian/second)  

 

Unit Conversions  

Length (1 in = 0.0254 m)  

Velocity (1 RPM = 0.105 rad/sec)  

Torque (1 in-lb = 0.112985 N-m)  

Power (1 HP = 745.7 W) 
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Example 1  
Determine if the following motor can be used to lift a 5-kg load using a 0.5-m lever arm.  

 

Merkle-Korff Gearmotor specifications  

Stall Torque = 40 in-lb  

Stall Current = 3.5 amps 

 

Solution  

Convert Stall Torque from in-lb to N-m  

1 in-lb = 0.112985 N-m  

40 in-lb = 40 x 0.112985 N-m = 4.5194 N-m  

 

Calculate the Force required to lift the 5-kg load  

F = m x a = 5 kg x 9.81 m/s2 = 49.05 N  

 

Calculate the Torque required to lift the Force with the lever arm  

T = F x d = 49.05 N x 0.5 m = 24.525 N-m 

We cannot perform the lift with this set-up, because the stall torque is smaller than the 

torque required for the lift. We must either shorten the length of the lever arm, or we must 

choose another motor with a higher stall torque to perform this operation. 
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Example 2  
Using the same motor as in Example 1 with a 12-V power supply:  

a) Calculate the power used by the motor to rotate a 5-kg load at 50 RPM using a 3-inch lever arm.  

b) Calculate the current draw from the battery to perform this operation.  

 
Solution  

Convert inches to meters: 

1 in = 0.0254 m  

3 in = 0.0762 m  

 

Calculate the Force required to lift the 5-kg load: 

F = m x a = 5 kg x 9.81 m/s2 = 49.05 N  

 

Calculate the Torque required for this operation: 

T = F x d = 49.05 N x 0.0762 m = 3.738 N-m  

 

Note- This toque is lower than the motor’s stall torque, so this operation is possible using the 

specified motor, mass, and lever arm  

 

Convert RPM to radians/second: 

1 RPM x 2π rad/rev x 1 min/60 sec = 0.105 rad/sec  

ω = 50 rev/min x 0.105 rad/sec/RPM = 5.25 rad/sec  

 

Calculate the Power required for this operation: 

P = T x ω = 3.738 N-m x 5.25 rad/sec = 19.622 W 

 

Calculate the Current draw from the battery (use the supply voltage in this calculation): 

I = P/V = 19.622 W/12 V = 1.635 Amps  

 

Note- This current is smaller than the maximum allowable current draw of the motor. 

  



7 www.handsontec.com 

 

Example 3  
Determine the motor torque necessary to power the robot drive wheels.  

 

Solution  

The following approach is merely one way to solve this problem. Several exist.  

Assume the robot will be powered by two powered drive wheels and supported by two freely rotating caster 

wheels. Robot weight is denoted by W and for this simple example we’ll assume the weight is distributed 

evenly over all 4 wheels, as shown in Figure 1 below. 

 

Thinking logically about the problem, we could model the robot as having 4 of the identical caster wheels 

(Figure 2) and the force required to propel the robot is simply the force needed to start the robot moving 

(this could be measured empirically with a force scale). The problem is we haven’t yet built the robot so 

testing it in this manner is not an option. We need to calculate the force (and hence motor torque) required to 

move the robot before we build anything.  

Looking closer at the caster wheel we can see the actual friction that must be overcome to put the robot in 

motion. Fw is the friction force between the wheel and the floor and Fa is the friction force between the 

wheel and the axle. Tw and Ta are the respective torques between the wheel and floor and the wheel and 

axle. 

 
Fa = W/2 * μa  

Ta = Fa * Ra  

Fw = W/2 * μw  

Tw = Fw * Rw  

Tw is the maximum torque the wheel can transmit to the ground before it slips. 

Our goal is to find a realistic range for Tm, the motor torque.  

As calculated above, Tw would be the maximum amount of torque the motor could transfer to the ground 

before the wheel begins to slip (ie Tm, max).  

Typically, we desire μw > μa, so the wheel does not slip/slide across the floor, but rather rolls. We can easily 

look up the μa value for the axle/wheel materials in contact. Knowing μa and the weight of the vehicle, Fa 

can be computed. This is the minimum amount of force we would have to provide at the wheel/axle interface 

to overcome the friction between the two. To relate the computed axle force Fa to the minimum amount of 
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wheel torque required to move the robot, we would use the “virtual radius” of the wheel/axle combination, 

which is computed as follows: 

 

Rv = Rw – Ra 

This is the fictitious radius about which Fa would act to rotate the wheel about the tangent point in contact 

with the ground at any instant, as shown in Figure 4 below.  

 
Therefore our equation for the minimum amount of torque the motor must transfer to the ground before the 

wheel begins to roll (thus causing the robot to move) would be: 

 

Tm (min = Fa * Rv = Fa * (Rw – Ra)  

In summation, Tm, min ≤ Tm ≤ Tm, max or alternatively, Fa * (Rw – Ra) ≤ Tm ≤ Fw * Rw  
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Appendix: Motor Data Calculation: 

It is very important to measure different electrical and mechanical parameters of your motor and calculate 

unknown values using the following helpful formulas. We will use the International System of Units (SI). 

This is modern metric system that is officially accepted in electrical engineering in the USA. 

One of the most important laws of physics is the fundamental Ohm’s Law. It states that current through the 

conductor is directly proportional to applied voltage and is expressed as: 

I = V / R 

where I – current, measured in amperes (A); 

V – applied voltage, measured in volts (V); 

R – resistance, measured in ohms (Ω). 

This formula could be used in many cases. You may calculate the resistance of your motor by measuring the 

consumed current and applied voltage. For any given resistance (in the motors it is basically the resistance of 

the coil) this formula explains that the current can be controlled by applied voltage. 

The consumed electrical power of the motor is defined by the following formula: 

Pin = I * V 

 

where Pin – input power, measured in watts (W); 

I – current, measured in amperes (A); 

V – applied voltage, measured in volts (V). 

Motors supposed to do some work and two important values define how powerful the motor is. It is motor 

speed and torque – the turning force of the motor. Output mechanical power of the motor could be 

calculated by using the following formula: 

Pout = τ * ω 

where Pout – output power, measured in watts (W); 

τ – torque, measured in Newton meters (N•m); 

ω – angular speed, measured in radians per second (rad/s). 

It is easy to calculate angular speed if you know rotational speed of the motor in rpm: 

ω = rpm * 2π / 60 

where ω – angular speed, measured in radians per second (rad/s); 

rpm – rotational speed in revolutions per minute; 

π – mathematical constant pi (3.14). 

60 – number of seconds in a minute. 

If the motor has 100% efficiency all electrical power is converted to mechanical energy. However such 

motors do not exist. Even precision made small industrial motors such as one we use as a generator in 
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generator kit have maximum efficiency of 50-60%. Motors built from our kits usually have maximum 

efficiency of about 15% (see Experiments section on how we estimated this). 

Don’t be disappointed with 15% maximum efficiency. All our kits are intended for education and not 

designed for real applications. This efficiency is not bad at all – it is actually much better than most of other 

self made designs on Internet can provide. The motors have enough torque and speed to do all kinds of 

experiments and calculations. 

Measuring the torque of the motor is a challenging task. It requires special expensive equipment. Therefore 

we suggest calculating it. 

Efficiency of the motor is calculated as mechanical output power divided by electrical input power: 

E = Pout / Pin 

therefore 

Pout = Pin * E 

after substitution we get 

τ * ω = I * V * E 

τ * rpm * 2π / 60 = I * V * E 

and the formula for calculating torque will be 

τ = (I * V * E *60) / (rpm * 2π) 

Connect the motor to the load. Using the motor from generator kit is the best way to do it. Why do you need 

to connect the motor to the load? Well, if there is no load – there is no torque. 

Measure current, voltage and rpm. Now you can calculate the torque for this load at this speed assuming that 

you know efficiency of the motor. 

Our estimated 15% efficiency represents maximum efficiency of the motor which occurs only at a certain 

speed. Efficiency may be anywhere between zero and the maximum; in our example below 1000 rpm may 

not be the optimal speed so the for the sake of calculations you may use 10% efficiency (E = 0.1). 

Example: speed is 1000 rpm, voltage is 6 Volts, and current is 220 mA (0.22 A): 

τ = (0.22 * 6 * 0.1 * 60) / (1000 * 2 * 3.14) = 0.00126 N•m 

As the result is small usually it is expressed in milliNewton meters (mN•m). There is 1000 mN•m in 1 N•m, 

so the calculated torque is 1.26 mN•m. It could be also converted further to still common gram force 

centimeters (g-cm) by multiplying the result by 10.2, i.e. the torque is 12.86 g-cm. 

In our example input electrical power of the motor is 0.22 A x 6 V = 1.32 W, output mechanical power is 

1000 rpm x 2 x 3.14 x 0.00126 N•m /60 = 0.132 W. 
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Motor torque changes with the speed. At no load you have maximum speed and zero torque. Load adds 

mechanical resistance. The motor starts to consume more current to overcome this resistance and the speed 

decreases. If you increase the load at some point motor stops (this is called stall). When it occurs the torque 

is at maximum and it is called stall torque. While it is hard to measure stall torque without special tools you 

can find this value by plotting speed-torque graph. You need to take at least two measurements with 

different loads to find the stall torque. 

How accurate is the torque calculation? While voltage, current and speed could be accurately measured, 

efficiency of the motor may not be correct. It depends on the accuracy of your assembly, sensor position, 

friction, alignment of the motor and generator axles etc. 

Speed, torque, power and efficiency of the motors are not constant values. Usually the manufacturer 

provides the following data in a table like this one (sample data from one of the motors used in generator kit): 

 

Also the manufacturers usually provide power curves for the motor at nominal voltage: 

 

These curves are generated by plotting motor speed, consumed current, and efficiency as functions of the 

motor torque. Sometimes there might be also a curve representing mechanical output power. 

As you can see from the graph speed and current are linear functions of torque so you might need only two 

measurements to draw these graphs. Efficiency and power will need more data. Usually for small motors 

maximum power is at 50% of stall torque (approximately 50% of no load speed). Maximum efficiency may 

be 10-30% of motor stall torque (70-90% of no load speed). 
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While it is technically better to follow the same format and create similar curves for your motor it is not 

absolutely necessary for a good science project. You may take all measurements, calculate unknown values 

and plot the graphs where for example speed and torque are represented as functions of applied voltage or 

current etc. 

Simple formulas and calculations described here are essential for calculating most common motor 

parameters. However this is a simplified approach that does not take into consideration many factors. If you 

want to extend your research further – see Links section and search the Internet. There is tons of information 

with more complex calculations. 

 

Web Resources: 

Motor power calculation: https://simplemotor.com/calculations/ 

 

 

  

https://simplemotor.com/useful-links/
https://simplemotor.com/calculations/
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Handsontec.com 

We have the parts for your ideas 
 

HandsOn Technology provides a multimedia and interactive platform for 

everyone interested in electronics. From beginner to diehard, from student 

to lecturer. Information, education, inspiration and entertainment. Analog 

and digital, practical and theoretical; software and hardware.  

 

 

 

HandsOn Technology support Open Source Hardware (OSHW) 
Development Platform. 
 

 

 

 

 

 

 

Learn : Design : Share 
 

 

www.handsontec.com 
 

 

 

 

 

http://www.handsontec.com/
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The Face behind our product quality… 

In a world of constant change and continuous technological development, a new or replacement 

product is never far away – and they all need to be tested. 

Many vendors simply import and sell wihtout checks and this cannot be the ultimate interests of 

anyone, particularly the customer. Every part sell on Handsotec is fully tested. So when buying from 

Handsontec products range, you can be confident you’re getting outstanding quality and value. 

 

We keep adding the new parts so that you can get rolling on your next project. 

 
Breakout Boards & Modules 

 
Connectors Electro-Mechanical Parts 

 
Engineering Material 

 
Mechanical Hardware 

 

P 

Electronics Components 

Power Supply Arduino Board & Shield 
 

Tools & Accessory 

 

 

http://handsontec.com/index.php/product-category/breakout-boards/
http://handsontec.com/index.php/product-category/connectors/
http://handsontec.com/index.php/product-category/electro-mechanical/
http://handsontec.com/index.php/product-category/engineering-material/
http://handsontec.com/index.php/product-category/mechanical-parts/
http://handsontec.com/index.php/product-category/electronics-parts/
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