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ABSTRACT 

Field experiments were  conducted t o  compare t he  d r a f t  (drawbar pull) 
force  required for t he  rotary disk blade system to t h a t  for  a conventional, 
fixed-blade potato harvester. The results  show tha t  in silt-loam soil t he  36-inch 
diameter disk blades required 76 percent  less d ra f t  than t he  fixed blade in one 
case  and 57 percent less overall. The 41-inch disks required 43 percent  less d ra f t  
in t h a t  soil overall. In f ine  sand soil, d r a f t  forces  among t he  t h r ee  blade systems 
were  not significantly different. The fixed blade used in t h e  experiments was of 
low profile and t he  primary chain had a l l  down links. These factors  may have 
resulted in less draf t  for i t  than for  the  usual fixed blade. However, even with 
th i s  efficient blade design, t h e  d r a f t  fo rce  required increased very significantly 
with blade depth in deep digging. 

This project's goal is t he  development of new concepts  and practices for 
potato  harvesting and handling equipment t o  achieve be t te r  production efficiency 
and higher tuber quality. This ar t ic le  discusses field experiments with a new 
rotary blade concept t ha t  shows much promise in improving harvester 
performance. 

Thanks again t o  Ste tner  Brothers, Blue Ribbon Produce, t he  Washington 
S t a t e  Po ta to  Commission, Braco Mfg., and cooperating growers, t h e  rotary disk 
harvester blade system was given a much more thorough tes t ing this year. The 
experiments included comparisons of both 36-inch and 41-inch diameter  disk blades 
t o  a 1983 fixed-blade Braco harvester in both Quincy f ine  sand and Shano sil t  
loam soils. The harvesters were  instrumented, and a portable computer was used 
t o  record draf t  (drawbar pull force), t r ue  ground speed and blade position. 

The results showed considerable d ra f t  reduction for  heavier soil, and 
indicate t ha t  with some blade configuration changes, similar reductions could 
occur in sandy soil a s  well. For a blade depth such t h a t  approximately 8 t o  9 
inches of loose soil were l e f t  behind t he  harvester, t h e  average dra f t  forces  for 
t h e  th ree  blades in t he  two soil types were  a s  shown in Table 1. 
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Table 1. Potato  Harvester Dra f t  Force for Three Blade Types in Quincy Fine 
Sand and Shano Silt-Loam Soils. 

Draft force (lb)* 

Fine Si 1 t- Draft 
Blade type sand 1 oam reduction++ 

Average over 
several tractor gears: 

Fixed 271 la* 4344a* 0% 
41-inch disk 298 1 a 2490b 43% 
36-inch dlsk 295?a 1677c 57% 

Tractor in third gear: 
Fixed ---- 3520a 0% 
41-inch disk ---- 2267b 36% 
36-inch disk ---- 836c 76% 

+ Means with same letter are not different at the 5% 
level of significance. 

** Compared to fixed-blade draft in heavy soil. 

In t he  silt-loam soil, t h e  fixed blade averaged 4344 lb. of d r a f t  force  over 
several  t ractor  gears compared to only 1877 lb. for t he  36-inch disks and 2490 lb. 
for  t he  41-inch disks. This amounted t o  a dra f t  reduction of t h e  disk blades 
compared t o  the  fixed blade of 43% for  t he  large disks and 57% for the  small 
ones. In third gear the  differences were more dramatic,  where t he  d ra f t  for  the  
36-inch disks was 76% less than t ha t  required for t he  fixed blade. Draft  in the  
sandy soil did not vary significantly with blade type at t he  8-inch loose soil depth; 
however, observations indicate t h a t  a change in blade shape, spacing and angle 
could make a marked improvement in performance in t h a t  soil a s  well. Main disk 
rotational speed was approximately 160 rpm, which gave periferal  disk speeds 8 to 
9 t imes t he  ground speed. 

The power required to ro t a t e  both blades varied with field conditions and 
forward speed, but ranged from 20 t o  50 horsepower. The drawbar power 
requirements vary directly with ground speed as well as with d r a f t  force. In third 
gear (Table I )  t he  ground speed was 2.11 mph, and t h e  corresponding draf t  
horsepower for fixed blade, t he  41-inch disks, and t he  36-inch disks a r e  20, 13, 
and 5 horsepower, respectively. 

The variation of d ra f t  with t rac to r  gear  (ground speed in this case) is 
shown in more detail  in Figure 1. At  2200 engine rpm, ground speed ranged from 
2.1 mph in 3rd gear t o  3.5 mph in 6th  gear for t h e  John Deere  4450 t rac to r  with 
15-speed power shift  transmission t ha t  was used. 



Figure 1. Po ta to  harvester d ra f t  force  for three  blade types over four t ractor  
gears for  a blade depth t ha t  produced approximately 8 inches of loose 
soil behind t h e  harvester (Shano silt-loam soil). 
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The graph indicates a gradual increase in d ra f t  for increased ground speed 
for the  fixed blade. The d r a f t  for the  small disks is much smaller, but has a 
much steeper increase with ground speed than for t he  fixed blade draft. The 
draf t  for the  large disks lies between t h a t  for the  fixed blade and t he  small disks, 
bu t  t he  slope of the  curve is somewhat irregular. In general, th is  da ta  indicates 
t ha t  the  ground speed may be more cri t ical  for the  disk blades than for a fixed 
blade. 

The blade a t t a ck  angle was increased from 25 t o  27 degrees during the  
trials t o  accomodate t he  slightly smaller radius of curvature  (deeper dish) of t he  
41-inch disks. As with t he  smaller disks, too small  a n  a t t a ck  angle resulted in 
excessive disk torque because t he  rounded portion of t h e  disk was forced into t he  
undug soil by t he  forward motion of t he  machine. The increased angle tended t o  
slightly res t r ic t  flow of material  through t he  blade system and s o  slightly reduced 
machine capacity. The la tera l  t i l t  angle was kept at 9 degrees. 

Considerable d a t a  were  taken at several  blade depths in t he  fine sand soil 
with the  fixed blade harvester to es t imate  relationship between blade depth and 
t he  force  required t o  pull t he  harvester. 



The d a t a  indicate t h a t  in going from a n  8 t o  a 9 inch blade depth  requires about 
450 lb more  draft ,  but going from 10 t o  I1 inches requires a 900 t o  1000 lb 
increase in pull (Figure 2). 

Figure 2. Draf t  f o r c e  variation with blade depth  for t h e  fixed-blade pota to  
harvester in f ine  sand soil. 
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We now know much more  about how t h e  disk blade sys tem works and can 
work with the  soil in pota to  harvesting. Under ce r ta in  conditions, such as in third 
gear with t h e  36-inch disks in heavy soil (Table I above), t h e  rotating blades 
nearly pulled t h e  harvester through the  field. Observations of t h e  flow of soil 
around and over t h e  blades in both heavy and sandy soils convinced us t h a t  t h e  
two soils act quite differently under these  conditions. We a r e  now also beginning 
t o  understand why t h e  difference shape of the  po ta to  ridge here, compared t o  t h a t  
in the  U.K. has such a large  influence on rotary  blade performance. 

With the  new knowledge gained in t h e  field experiments,  w e  a r e  now 
ready t o  undertake a series of blade and blade subst i tu te  exper iments  t o  find the  
best  configurations for our harvesting conditions. I a m  convinced t h a t  t h e  right 
ro tary  blade shape, a t t a c k  angle, and t i l t  angle t o  match  our soils and ridge 
shapes can result in significantly reduced harvester d r a f t  using less than the  30 
horsepower needed t o  drive t h e  disk blades in thei r  present configuration. 


