
POWER REQUIREMENTS OF A

SELF-PROPELLED COMBINE

INTRODUCTION

Larger farms and improved farm
ing methods have created a need for
more capacity in harvest equipment.
This demand has encouraged the in
troduction of larger machines with
bigger power units. The availability
of more tractor power has renewed
the interest in pull-type, pto com
bines, though self-propelled models
remain in favor. The size of combines
has increased from those which were
powered by 35 to 40 hp engines a
few years ago to units with power
plants which develop 80 to 115 hp.

The early models of pto combines
performed well on level land when
operated by a tractor which develop
ed 15 to 20 dbhp. But on hilly land,
in loose footing, or in heavy crops, it
was necessary to narrow the width
of cut to have enough power to thresh
the grain (6, 8, 9). The absence of
a live pto on the tractors created dif
ficulties when the combine plugged
with grain and straw (7). A pto com
bine with an eight-foot cutter bar
and a 24-inch rasp bar cylinder need
ed 9 to 15 hp at the pto shaft when
handling grain and straw at the rate
of 200 to 400 pounds per minute, and
up to 14 hp to propel the tractor and
combine at four mph on level land
(5). Eight to 15 hp were required to
propel a 16-foot self-propelled com
bine on level land, but up to 40 hp
were necessary when operating in
sandy conditions or in hilly areas (3);
this same machine used up to 40 hp
to operate the cutting and threshing
mechanisms. The power required by
the cutter bar increased as the rate
of cutting increased, while the power
demand of the cylinder fluctuated
with the feed rate, and represented
50 percent of the total power require
ment when operating under normal
conditions (2).

Later work (1) concerned with
cylinder power revealed that twice
the average cylinder power was re
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quired from 1.5 to 6.8 percent of the
time, and three times the average
power from 0.1 to 2.7 percent of the
time. This work indicated that the
engine would not stall if a load peak
did not last for more than 1/10 of a
second. The same report showed that
20 to 30 percent more horsepower
was used to thresh solid - stemmed
than hollow-stemmed wheat varieties.

This report discusses the power re
quirements of the main drive, cylin
der and straw chopper shafts of a
self-propelled combine when using
two types of cyhnders to harvest two
varieties of wheat by straight com
bining or by picking up threshing
windrows. Also, it considers the
power requirements to harvest wind-
rowed barley and oats with a rasp
bar cylinder.

PROCEDURE

A Gleaner-Baldwin Model A self-
propelled combine was provided with
a 12-foot header for straight combin
ing, or a draper type pick-up for
windrowed grain. It was powered by
a six-cylinder gasoline engine which
developed, according to the manufac
turer, 60 bhp at 2050 rpm. This ma
chine was equipped with inter
changeable 19x/4 x 30-inch flange-
mounted rasp bar and spike tooth
cylinders. Both units were used when
straight combining and when picking
up windrowed wheat. Only the rasp
bar cylinder was used when harvest
ing windrowed barley and oats.

The horsepower requirement was
determined for the main drive, the
cylinder and the straw chopper
shafts. The power demand at the
main drive shaft was the amount re
quired to operate all the combine
mechanisms, with the exception of
the power to propel the combine. The
power required at the cylinder shaft
included that used by the reel and
cutter bar when straight combining,
or by the pick-up when harvesting

windrowed grain, plus that needed to
operate the header auger, the feeder
beater, the cylinder itself, and the
rear beater. The power measured at
the straw chopper shaft was the re
quirement for that component only.

The horsepower was calculated by
determining the torque and rpm of
each of the shafts under different
rates of loading. This procedure has
been described (1), but the mercury
collector units were replaced with
others using solid coin - silver slip-
rings and silver - graphalloy brushes;
tachometer - generators were used on
the shafts to measure rpm. A portable
110 v, a-c, 2000 w, Kohler power
plant provided the source of electric
energy to operate the amplifiers and
the oscillograph.

Feed rates were obtained by op
erating the combine at different for
ward speeds of travel. Each test run
was timed, and the threshed grain
was bagged and weighed. The total
weight of material passing through
the machine per minute was calcu
lated from a predetermined grain :
straw ratio. Two varieties of wheat

were harvested, the hollow-stemmed,
Triticum aestivum L., var. Canthatch,
and the sohd-stemmed, T. aestivum
L., var. Chinook. Barley, Hordeum
vulgare L., var. Vantage, and oats,
Avena sativa L., var., Garry, were
also harvested as test crops.

Regressions of horsepower on feed
rate, calculated by the method of
least squares using three or four ob
servations, were used to estimate the
trends in the power demands. The
changes in power requirement were
calculated from the regressions over
the range of 200 to 400 pounds per
minute in 50 - pound increments
(Table I). The coefficient of deter
mination, (r2), (Table 1) indicated
that the horsepower demands were
almost entirely dependant on feed
rate. The power requirements mea-
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TABLE I. CALCULATED POWER REQUIREMENTS OF MAIN DRIVE AND CYLINDER SHAFTS

Grain variety Regression* £2

Horsepower

Harvesting method
Feed rate - pounds of grain

and straw per minute

200 250 300 350 400
.

Canthatch wheat
Main drive y = 7.6 + 0.04831x

Cylinder y = 2.0 + 0.05400x

0.974

0.979

17.3

12.3

19.7

15.5

22.1

18.2

24.5

20.9

26.9

23.6

c

Rasp bar cylinder •<

Chinook wheat
Main drive y = 7.5 + 0.05500x

Cylinder y = 2.1 + 0.06590x

0.993

1.000

18.5

15.3

a.3

18.6

24.0

21.9

26.8

25.2

29.5

23.5

a

•o

%
t
1
•s

Vantage barley
Main drive y = 7.6 + 0.03084s

Cylinder y = 2.1 + 0.03931x

0.998

0.995

13.8

10.0

15.3

11.9

16.9

13.9

18.4

15.8

19.9

17.8

Garry oats
Main drive y = 7.5 + 0.03580x

Cylinder y = 2.1 + 0.04314*

1.000

1.000

14.7

11.7

16.5

14.1

13.2

16.5

20.0

18.9

21.8

21.4

Canthatch wheat
Main drive y = 7.4 + 0.02888x

Cylinder y = 2.6 + 0.03671x

0.952

0.978

.13.2

9.9

14.6

11.7

16.1

13.6

17.5

15.4

19.0

17.3

Chinook wheat

Canthatch wheat

Main drive y = 7.2 + 0.04106x

Cylinder y = 2.8 + 0.04785x

0.997

0.987

15.4

12.4

18.1

14.7

17.5

14.8

19.5

17.2

21.6

19.5

23.6

21.9

Main drive y = 7.6 + 0.05265x

Cylinder y = 2.5 + 0.06095x

0.999

0.996

20.8

17.7

23.4

20.8

26.0

23.8

28.7

26.9

i
j

Spike tooth cylinder -<

Chinook wheat
Main drive y = 7.6 + 0.06045x

Cylinder y = 2.8 + 0.07256x

0.992

0.999

19.7

17.3

22.7

20.9

25.7

24.6

28.7

28.2

31.8

31.3

b

1

Canthatch wheat
Main drive y = 7.4 + 0.03640x

Cylinder y = 2.6 + O.04530x

0.945

0.959

14.7

11.7

16.5

13.9

18.3

16.2

20.2

18.5

22.0

20.7

1-

W
Chinook wheat

Main drive y = 7.6 + 0.04827x

Cylinder y = 2.6 + 0.06114x

0.998

0.984

17.3

14.8

19.7

17.9

22.1

20.9

24.5

24.0

26.9

27.1

*y = hp required} x = feed rate - lb/min

sured at the main drive shaft and the
cylinder shaft are reported, and com
pare the power demands when har
vesting grain from a windrow or
when stright combining with the two
types of cylinders.

RESULTS AND DISCUSSION'

The power requirement at both the
main drive shaft and the cylinder
shaft increased as the feed rate in
creased (Table I), and depended on
the type of cylinder used, the kind
of grain being harvested and the har
vesting method. The power demand
at the cylinder shaft increased more
rapidly than that of the main drive.
Evidently there is a maximum feed
rate for each combination of equip
ment, grain and method at which the
cylinder absorbs all the available
power to the detriment of other func
tional components of the combine.
The stalling point was usually reach

ed when the auger, feeder and cyl
inder plugged with unthreshed grain
and straw. Thus, maximum feed rates
were established to assure that the
difference between the main drive
and cylinder shaft power require
ments was adequate to operate the
separating components of the com
bine.

The threshing of windrowed Chi
nook wheat required, on the average,
20.2 percent more horsepower at the
cylinder than did Canthatch (Table
I). At 400 pounds of grain and straw
per minute, 45 and 49 percent of the
maximum horsepower of the engine
was required by the main drive to
harvest Canthatch and Chinook
wheat, respectively, with a rasp bar
cylinder. These results suggested that
the acceptable feed rate for the test
combine when combining windrowed
Canthatch would be 400 pounds of
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grain and straw per minute, and 300
pounds per minute when harvesting
Chinook.

The cylinder shaft power require
ment was 18.2 percent more, on the
average, when straight combining
Chinook with the rasp bar cylinder
than when harvesting Canthatch. The
main drive requirement was 48 and
53 percent of the maximum engine
horsepower when straight combining
Canthatch and Chinook, respective
ly, at 400 pounds of grain and straw
per minute with the rasp bar cylin
der. The results indicate that this
combine could handle Canthatch at
300 pounds per minute, and Chinook
at 250 pounds per minute. The in
crease in power requirements when
straight combining indicated that the
reel and cutter bar used more power
than did the draper-pickup. Also, as
the cutting rate increased, the sickle
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would use more power, which con
firms earlier research (2). This was
most noticeable when straight com
bining the sohd-stemmed Chinook.

It is recognized that the spike tooth
cylinder has a more positive feeding
action, and it is generally conceded
that it has more threshing capacity
than the rasp bar cylinder. The limit
ing factor, insofar as capacity was
concerned in these tests, was that the
table auger and feeder jammed with
straw at the highest feed rates. The
average power requirement at the
cylinder shaft was 26 percent more
when threshing windrowed Chinook
than when theshing Canthatch
(Table I). The main drive power re
quirement was 31 percent of the max
imum engine power when harvesting
Canthatch and 39 percent when har
vesting Chinook at a rate of 400
pounds of grain and straw per min
ute. A feed rate of 350 pounds of
grain and straw per minute of either
variety of windrowed wheat is sug
gested by these tests.

The power requirement at the cyl
inder shaft, when straight combining
with the spike tooth cylinder, aver
aged 29 percent more when harvest
ing Chinook than Canthatch. When
combining at a feed rate of 400
pounds of grain and straw per min
ute, the main drive power require
ment was 37 percent of the available
power for Canthatch and 45 percent
for Chinook. The suggested feed
rates when straight combining Can
thatch is 300 pounds of grain and
straw per minute and 250 pounds for
Chinook. The additional power re
quired by the reel and cutter bar was
again reflected bv these tests.

The degree of breakup of straw
during the threshing operation has
been attributed to the variety of
wheat and not to the type of cylinder
used in the combine (4). Canthatch
straw was broken up quite readily
by either cylinder while Chinook
straw appeared to offer more resist
ance to both crushing and breaking.
This resistance accounted for the ad
ditional power requirement. The
crushing and beating action of the
rasp bar cylinder used more power
than did the combing action of the
spike tooth cylinder when threshing
both varieties of wheat.

The tlvreshing of windrowed barley
using a rasp bar cylinder required
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comparatively little power; this is at
tributed to the brittle nature of bar
ley straw. A 400 pound load of grain
and straw per minute could be
handled readily, but experience has
proved that barley should be thresh
ed and separated at a somewhat low
er feed rate to avoid overloading the
sieves and straw walkers to assure
adequate separation of grain and
straw.

The power demand for threshing
windrowed oats with the rasp bar
cylinder was greater than that for bar
ley. Oats, however, is considerably
lighter in weight than the other
grains and is bulkier to handle. It
can be concluded from the results
that the maximum feed rate should
not exceed 300 pounds of grain and
straw per minute when harvesting
this grain.

The straw chopper power require
ment was also calculated but the re
sults were extremely variable. The
trace on the oscillograph paper show
ed evidence of negative torsional
loading. This possibility has been re
ported and is caused by accelerating
and decelerating forces set up by re
ciprocating and rotating masses with
in the machine (2). It is suspected
also that because the rotor of the
straw chopper consists of swinging
hammers, it is in itself a rotating mass
that is not dynamically balanced; also
that, under load, the peripheral pat
tern of the hammer tips continually
changes shape and contributes to an
unbalanced condition. For these rea
sons, the power requirements of the
straw chopper are not reported, but
calculations indicate that they would
be in the order of two to three hp.

Previous research postulates that
the choosing of a windrower-combine
combination is important in that the
width of swath cut by the windrower
should conform to the variety of grain
to be harvested, density of the crop,
and the acceptable feed rate of the
combine (1). This study confirms
that postulation. Other research has
shown that 8 to 15 hp are required
to propel a combine on level ground
(3). If these figures were apphed to
the test combine, they would repre
sent 13 to 25 percent of the available
engine power supply. The addition of
the main drive shaft hp when har
vesting windrowed Canthatch wheat
at 400 pounds of grain and straw per
minute would bring the total demand

to 53 to 65 percent of the engine
power, and when harvesting wind
rowed Chinook wheat at 300 pounds
per minute to 58 to 70 percent. The
engine would approach the stalling
point if twice the power used at the
cylinder shaft was required to meet
the demand for these loadings.

A comparative rating of the power
units on self-propelled combines may
be made by using horsepower per
foot of header, horsepower per inch
of cylinder width, or horsepower per
100 pounds of through-put per min
ute. These tests indicated that the
feed rate for this combine would
average about 300 pounds of grain
and straw per minute when harvest
ing wheat. The maximum power re
quired by the main drive when com
bining windrowed Chinook wheat
with a rasp bar cylinder was 24.0 hp
(Table I). An estimate of the power
required to propel the machine brings
the total power to 39 hp, which means
that the combine engine was oper
ated at about two-thirds of the max
imum power output. This power de
mand may be expressed as 3.25 hp
per foot of header, 1.30 hp per inch
of cyhnder width, or 13.0 hp per 100
pounds of through-put per minute for
the combine used in these tests.

The ratings calculated above may
be apphed to the larger combines,
and the horsepower demand of then-
power units would be 65 hp for a
machine with a 20-foot header and
a 48- to 52-inch cylinder. These com
bines should be equipped with an
engine capable of developing 100 hp
or more- so a reserve of power to
handle shock loads, and traction on
hilly land is available. The suggested
maximum through-put would be 500
pounds of grain and straw per minute.

A further estimate of the rate of
doing work may be made by assum
ing a feed rate of 300 pounds per
minute in a crop where the grain to
straw ratio is 1 : 1.5, and the yield is
20 bushels per acre. The grain would
be harvested at the rate of 120
bushels or six acres per hour by the
test combine. The maximum forward
speed of travel, when picking up a
12-foot windrow, would be four mph.
A larger combine, handling 500
pounds of the same material per min
ute, would travel at 3.5 mph when

continued on page 90
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TABLE I. — (Continued) —

LOCATION

12

- .2

.4

- .2

.2

.1

.1

.1

.2

35.0
1.6

FEBRUARY

13 1^ 19

• 5
.8

.2

.2

.4

.6

.1

.1

MARCH

12

- .H
.9

- .2

• 3

-1.7

1.6

-1.7
1.*

22.2

2.3

23.8
3-3

13

- A
1.2

- .2

• 3

-2.1

1.9

1.3
1.8

20.7
1A

20.6

3.1

Ts3-Ts^ Day AT

TV Ts,

• 5
2.9

- .3
.2

- .>*

.1

.1

.8

1.1

- .2
.2

.3

.4

a
.2

T -T
9

Night&T
0-

Day cS
a—

NightAT
a~

Day AT
a-

NightAl

37.0 39.3 35.2
2.1 3.1 2.2

33-6 3^.3 3^.6 3^-5
2.0 2.0 1.6 2.1

T

T,

Dry bulb or air temperature

Plant temperature

Soil temperature

Tg"

9w

r*sp

Glass temperature

Wet bulb temperature

Steam pipe temperature

Numerical subscripts refer to sensor locations (figure 1).

5. Panofsky, H. A. and G. W. Brier,
1958. Some applications of sta
tistics to meteorology. The Penn
sylvania State University, Univers
ity Park, Pennsylvania, 223 p.

6. White, F. W. G. 1963. Proceedings
of symposium on engineering as
pects of environment control for
plant growth. C.S.I.R.O. Mel
bourne, Australia, 266 p.

7. Williams, G. D. V. and R. Leger,
1967. Vapor pressure deficit, rela
tive humidity and dew point
temperature conversion tables.
Tech. Bull. 12. Agrometeorology
Section, Plant Research Institute,
Canada Department of Agricul
ture. 16 p.

POWER REQUIREMENTS . . .

continued from page 76

picking up 24 feet, or at 2.75 mph for
30 feet, of windrowed grain, and per
form the harvest operation at a rate
of ten acres per hour.

It was observed, when calculating
the horsepower requirements, that
the rpm of both the main drive and
the cylinder shafts decreased as the
feed rate increased. The result was a
gradual slowing down of the thresh
ing and separating components of the
combine. An increasing cylinder de

mand absorbed power from the main
drive, thus reducing that available to
operate other parts of the combine.
This indicated that the efficiency of
the straw walkers and sieves to sep
arate grain from straw may be im
paired.

SUMMARY

The power used by the main drive
and by the cylinder of a self - pro
pelled combine increased as the
amount of grain and straw handled
per minute increased. The cylinder
power demand increased more rap
idly than that of the main drive
power, the rate of increase depending
on the variety of grain being harvest
ed. The solid-stemmed Chinook re
quired more power to thresh than did
the hollow-stemmed Canthatch, when
when using either the rasp bar or
spike tooth cylinder. Less power was
required when threshing with spike
tooth than with the rasp bar cylinder.
Straight combining wheat, with either
cylinder, required more power than
when picking up windrowed crops.
Barley and oats required less power
to thresh with the rasp bar cylinder
than did wheat. The power demand
by the cylinder established a maxi
mum feed rate for each variety of
grain, when harvested with the com
bine used in these tests.

A relationship between horsepower

and capacity based on through-put
has been calculated. This relationship
may be used when comparing the
power rating of one combine with an
other or for estimating the rates of
doing work. Comparisons may be
based on 3.25 hp per foot of cutter
bar, 1.3 hp per inch of cylinder
width, or 13.0 hp per 100 pounds of
through-put per minute.

The depletion of available power
with additional increments of feed
rate reduced the rpm of the main
drive and cylinder shafts. A depletion
of available power may cause a de
crease of efficiency, a reduction in
capacity, and an increase in the loss
of grain.
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