
Dear Dr.  Nesbit, 
 
Between flights I checked the internet for lawn-mower and handgun facts and sketch out some 
calculations.  I verified that the tip speed of common lawn-mower blades is greater than 200 mph 
and that the kinetic energy of the rotating blade is somewhat greater than that of a common hand-
gun bullet.  If the energy stored in the rotating motor to which the blade is attached is included, 
the energy available for injury is several times greater than that of a single bullet.   
The moral: Keep toes out of harms way! 
 
A sketch of the calculations follows using data from Outdoor Power Equipment, by Jay Webster: 
 
 Blade lengths, l, range from 18-25 inches, 
 Engine speeds is nominally 3,600 rpm, and 
 The “industry standard” safe tip speed is 19,000 ft/min.  Above this there is the 
 possibility of cracks developing in the metal.  
 
Typical Tip Speed 
 
The tip speed is just the circumferential speed for an 18” blade is  
 

 
( ) ( ) (3600 ) ( 1.5 )

16,978 / min 300 / sec.
205 .

tipv revolution per unit time circumference rpm feet
ft or roughly ft

mph

π= × = × ×

=

≈

 

 
Where I have used the fact that 88 ft/sec. is 60 mph.  For comparison, the take-off/landing speed 
of commercial jet liners is generally between 150 to 200 mph.  From the standpoint of velocity, 
every modern lawn mower has a mini 747 making a landing approach inside. 
 
Kinetic Energy of a Typical Rotating Lawn-Mower Blade  
 
Another way to look at the dangers of a rotating blade is to ask how much energy is stored in its 
motion.  As you pointed out, a good comparison is with the energy of a handgun bullet. 
 
The bullet of the “Parabellum” 9 mm cartridge provides a good comparison. (The cartridge was 
designed by Georg Lugar ~ 1902 and remains one of the most popular handgun cartridge; it is 
used by 60% of US police and is a NATO standard).  Typical mass and muzzle velocity are: 
 
 Bullet mass, m – 7.5 grams 
 Muzzle velocity, v – 410 meters/sec (1,250 ft/sec) 
 
The kinetic energy of the bullet on leaving the gun is 
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For comparison, the kinetic energy of the lawn-mower blade is in its rotational motion.  It is  
given in terms of the blade’s moment of inertia, I, (which takes into account that the linear 
velocity ranges from zero at the axis of rotation to a maximum at the blade tip).  To a good 
approximation the lawn-mower blade is a rod of length l and mass m, for which the moment of 
inertia is  
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The corresponding kinetic energy for a rotational speed ω is 
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Substituting for I and using the fact that the tip velocity is just the rotational speed times the 
radius distance to the tip, / 2tipv lω= , we get the handy formula that 
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A reasonable approximation for the weight of a blade is of the order of 0.9 to 1.1 lb or about 0.5 
kg.  (1 kg ≈ 2.2 lbs).  The tip velocity of 300 ft/sec is equivalent to 91.4 meters/second, so 
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which is, for practical purposes, the same as the kinetic energy of a Parabellum bullet as it exits a 
handgun. 
 
This, however, is not the whole kinetic energy story since the blade is attached to the motor’s 
crank shaft and piston, which also have comparable kinetic energy so that the mower’s total 
internal kinetic energy will be several times that of the Parabellum slug. 
 
 
 
Clarification added 19 June 2013 
 
 
 
 


