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When designing any type of machine, a knowledge of the power re
quirements and the stresses imposed upon the various elements of the ma
chine is necessary if a balanced, economical design is desired. 

The device herein described measures the torque applied to the drive-
shaft of an experimental tractor-mounted power takeoff-driven sugar beet 
thinner. Since the power input is a function of the torque and the angular 
velocity of the shaft, the power input may be calculated when the torque 
and r.p.m. of the drive shaft are known. Experience with sugar beet thin
ners has demonstrated that any small farm tractor has more than ample 
power to operate a 4-row or a 6-row sugar beet thinner. The need for de
signing the machine to fit the power source is not a problem. Data are 
needed concerning the power input required and the loads imposed on the 
gears, shafts, chains, or belts so that the correct selection of these component 
parts can be made. 

Apparatus 
The dynamometer herein described was designed specifically for use 

with the experimental counter-rotating beet thinner (1)2 (Figure 1) . In 
the tests conducted, only the rear head on each of the two rows was used. 
Figures 2 and 3 show the drive mechanism and the dynamometer attached 
thereto. A mathematical analysis of this dynamometer is shown in Figure 4. 

Figure 1. — Experimental 
tractor-mounted 2-row sugar 
beet thinner used for dyna
mometer tests. 

Test Procedure 
This dynamometer was built in 1953 and only limited exploratory tests 

have been made. These tests demonstrated that the dynamometer func
tioned as intended and provided information on the torque imposed on the 
thinner head shafts by three types of commercial thinner heads. The heads 
tested were: 1. 14-tine weeder head; 2. 14-spoke 7/8-inch cut thinner head, 
and 3. 10-spoke 2-inch cut thinner head. All of these heads are 19 inches in 
diameter. 
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Figure 2.—Variable speed 
power transmission mechan
ism with dynamometer in
stalled. The hydraulic cylin
der "A" is connected to the 
pressure gauge mounted on 
the tractor to the left of the 
operator. A second hydraulic 
hose from the cylinder is con
nected to the pump used for 
filling the system with oil. 
The pressure indicated on the 
gauge is a linear function of 
the torque applied to shaft 
"B," which turns at the same 
velocity as the thinner heads. 

These exploratory tests also indicated that speed and spacing of cut did 
not markedly affect the torque on the thinner drive shaft. As would be 
expected, an increase in the depth of penetration in the soil did increase 
the torque. All of the tests reported in Table 1 were run at 2-3/4 m.p.h. 
Th variables introduced were spacing of cuts across the row and depths of 
peneration (Table 1) . The area on which these tests were made was settled 
by a 1-inch rain following working with a disk harrow and a spike tooth 
harrow. The soil, a Conover Loam, as moderately compact but not as hard 
as soil sometimes found in sugar beet fields at the time of thinning. Each 
test run was 39 feet long and replicated 10 times. Maximum and minimum 
readings over the course of each test were recorded. 

Discussion of Results 
The torque measurements obtained are based on a series of tests con

ducted on a single area. They provide an indication of the magnitude of 
the torque imposed by different types of thinner heads. Additional tests 
are contemplated. 

Figure 3.—Arrangement of 
component parts of hydraulic 
dynamometer. Tension in the 
drive chain exerts force in 
the idler sprocket shaft which 
through the idler lever arm, 
exerts torque on shaft C. The 
torque in shaft "C" is resist
ed by hydraulic cylinder A 
which is connected to the 
pressure gauge shown in Fig
ure 2. 



PROCEEDINGS—EIGHTH GENERAL MEETING 

F = FORCE IN X D IRECTION EXERTED 
BY HYDRAULIC CYLINDER 

t = TENSION IN CHAIN 
T= TORQUE ON S3 
R= P I T C H RADIUS OF D R I V E N 

SPROCKET 
A= AREA OF HYDRAULIC PISTON 
P= HYDRAULIC PRESSURE 
K= CONSTANT 

Figure 4.—Diagram of hydraulic dynamometer and derivation of for
mula for computing torque applied to driven shaft, S3. 

Total torque in Table 1 indicates the torque on the drive shaft to the 
thinner required to drive two heads. The figures shown for gauge reading 
in the fourth column are the maximum pressures observed in any of the 
ten replications of each test. The fifth column is the average of the maxi
mum readings observed in ten replications. 

The thinner used in these tests is a mid-mounted power takeoff-driven 
machine. The application of this data for design purposes is not necessarily 
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limited to this type of machine. It may be used when heads similar to the 
ones tested are operated with any type of sugar beet thinner. 

In comparing the effects of spacing of cuts upon torque imposed upon 
the thinner head shafts, it is seen from Table 1 that the torque is increased 
with an increase in spacing with thinner heads H1 and H3 . The maximum 
increase occurs with thinner head H1 when the spacing of cuts is increased 
from 2.4 inches to 4.0 inches. The increase is 26 percent. A reverse tend
ency is indicated with thinner head H2 as the torque decreases when the 
spacing is changed from 1.7 inches to 2.8 inches. 

T a b l e 1 .—Torque M e a s u r e m e n t s O b t a i n e d in a Series of Tes t s w i t h T h r e e T y p e s of 
Sugar Beet T h i n n e r H e a d s 19 Inches in D i a m e t e r . 

H1 = 10-spoke t h i n n e r head , 2-inch cut . 
H2 = 14-spoke t h i n n e r head , Ms-inch cut . 
H3 = 14-tine sp r ing t ine head . 
1 T h i s pa r t i cu l a r test was only repl ica ted th ree t imes a n d the m a x i m u m gauge read ing 

observed in each case was 325 p.s.i. 

The most important variations in torque result from changes in depth 
of soil penetration. The highest torque reading was obtained with thinner 
head H2 at 1 3/8 inch depth. When the depth was decreased to 3/4 inch, a 
50 percent reduction in torque occurred. 

The actual power input is quite small in comparison to the capacity 
of a one-plow tractor. The maximum power input was recorded with thinner 
head H2 with a 1.7-inch spacing of cuts and a soil penetration of 1 3/8 inches. 
The thinner heads rotated at the rate of 123 r.p.m. The average maximum 
torque was 545 lb.-in. and the calculated power input was 1.06 horsepower. 
This figure for power input involves only the power required to rotate the 
thinner heads. Obviously, a certain amount of power is required to over
come resistance to forward movement along the row. Tests could be revised 
to measure this component of the total power input but it appears that such 
information is not particularly essential for design purposes. 
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