
 
 

GENTLE HANDLING 

THE PROBLEM 

Seed and specialty grains are subject to mechanical damage that decreases their value.  The purpose of 

this paper is to analyze the causes of mechanical damage and then propose methods for preventing 

mechanical damage.  There are two important considerations that we have to keep in mind.  One, in 

efficient grain handling and processing we minimize costs by moving grain faster and in larger quantities.  

On the other hand we must do so with equipment and procedures which minimize damage to the seed 

or grain. 

First the formula, F=M*A.  Force equals mass multiplied by acceleration.  Acceleration equals velocity 

squared.  What this tells us is that speed causes damage.  If a falling soybean doubles its velocity the 

force of impact does not double, it quadruples.  So this tells us that we need to keep velocity as slow as 

possible to minimize impact force. 

Secondly, seeds and grains are very tolerant of abrasion or sliding.  They are very susceptible to damage 

from impact.  The old story about the man falling from the bridge is worth remembering.  It was not the 

fall that killed him but the sudden stop.  What this tells us is that if seed is going too fast we need to 

slow it down gradually.  More about this later. 

Increasing moisture content decreases damage due to impact.  Once again we are fighting two battles.  

We need to manage the moisture content of the seed and grain.  If the moisture is too high we get 

spoilage.  If it is too low we get increased impact damage. 

Damage increases with drop height.  First the physics.  Gravity pulls on falling grain at about 32 

ft./sec*sec (precisely 32.174).  Grain falling for one second will fall about 32’per second.  Grain that falls 

for two seconds falls at the velocity of 1024’per second.  The key is that the value for acceleration is 

velocity squared.  Remember that F=MA from above.  Decreasing the drop height or velocity of the 

falling grain dramatically reduces Force.   

Grain falling on grain reduces impact damage.  This is true up to a point.  Data from Fiscus, et al shown 

in Table 2 shows that grain falling on grain is less likely to cause damage than grain falling on concrete 

up to a drop height of 40’.  At drop heights greater than 40’ the damage from grain falling on grain is 

about the same as grain falling on concrete. 

Table 1 is a summary from a study done at Mississippi State University that illustrates the effect of drop 

height and moisture content on soybean germination.  As you can see, increasing drop heights  and 

decreasing moisture content causes germination to decrease.  The message is that we want to store 

soybeans and other grains at the highest moisture that is consistent with long term safe storage.  Also, 

we want to minimize dropping the seed during processing. 



 
 

Figure 1 illustrates a testing used in a study by the USDA for measuring physical damage to grain (Fiscus, 

et.al.).  Table 17 is a summary of the testing that clearly shows that damage to grain increases with drop 

height and moisture content. 

Impact damage is cumulative.  Research by Paulsen and Hill showed that if grain is damaged by “x %” in 

a handling operation, if the damaged grain is removed and the operation repeated it will again result is 

“x %” of the grain being damaged.  

THE SOLUTION 

Several mechanical devices have been used in the trade to decrease impact damage to seed and grain.  

All are compromises between flow rate, damage efficiency and cost.  The ideal device works in a grain 

handling system at high capacities, minimizes damage, is affordable and easy to install.  
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Table 1. The effect of drop height and moisture content on soybean germination. 



 
 

 

Figure 1.   Flow arrangement used by Fiscus, et al. 



 
 

 

Table 2.  From Fiscus, et al showing grain breakage at different drop heights, impact surfaces  and 

moisture contents. 



 
 

 

Table 3. 



 
 

 

Table 4.  Unpublished data from Anheuser Busch’s Idaho Falls malt house showing damage to malt 

before and after installing AMOS bin ladders. 


