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The Canadian farmer spends a large
percentage of his working time opera
ting agricultural tractors and equip
ment such as combines and wind-
rowers. Furthermore, as the trend to
larger farms and larger equipment con
tinues, the number of hours spent on
any one machine will increase in order
to make the most economical use of the
more expensive large machines.

The environmental conditions which
must be endured by the farm operator
during seeding, summerfallowing and
harvesting are extreme. The operator
is subjected to extreme temperatures,
severe dust conditions, wind, solar ra
diation and dangerously high sound
levels. In addition, despite recent im
provement in tractor seat design the
operator is also exposed to consider
able vibration in high speed tractor
operations.

Once considered to be unnecessary
luxuries, cabs are now coming into
widespread use for tractors and self-
propelled combines. Research and de
velopment of these cabs and air con
ditioning devices for the cabs has ad
vanced rapidly. On the other hand, the
great demand placed on tractor cab
manufacturers has resulted in some
poor quality cabs of inadequate design.
This situation is combined with the dis
advantage that tractor manufacturers
have only recently designed the opera
tor platform to accommodate a cab.

OPERATOR EXPOSURE

Farmers have recently recognized
the importance of operator exposure
and are now demanding improvement.
This improvement is important not
only from the view of improving opera
tor comfort but also for safety and
health reasons as presently outlined.

Extreme Temperature and Solar
Radiation

The human body temperature is
variable to a very limited degree. When
exposed to high temperatures, it is
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regulated by convection as well as
evaporative cooling of the skin and
lungs. It is also controlled by the rate
of breathing and the circulation rate,
both of which are reduced when ex

posed to low temperatures. During
exposure to low temperatures much
energy is used to maintain body tem
perature as well as to complete opera
tor motions hindered by bulky clothing.
On the other hand, profuse sweating
during exposure to high temperatures
leaves the skin open to greater bac
terial infection and irritation due to the

dust (8).

Solar radiation has been proven to
be a factor in causing skin cancer. The
cancer causing wavelengths of solar
radiation can be filtered out by clothing
and by glass (9).

Dust—Its Effect on Operator
Comfort and Health

Irritation of the nose, throat, and
lungs result from breathing excess
quantities of dust. This irritation may
cause inflamed membranes which be
come vulnerable to infection and swell.
It often leads to allergies that become
more serious with increased exposure.

Respiratory disease may be influen
ced by breathing of siliceous dust par
ticles, common in all loam soils. In
1935 an investigation concerning the
effects on human health from a dust
storm that occurred in the west-central
portion of the United States was made.
It was determined that acute respira
tory disease frequently increased sharp
ly during and shortly after the dust-
laden air developed. This was inter
preted as having been caused by the
siliceous dust that acted as a mechani
cal irritant to the mucosa of the res
piratory tract (10).

Another common result of exposure
to dust is irritation to the skin, especial
ly around the wrist and at the back of
the neck where clothing rubs the skin.
This uncomfortable condition is known
as "dermatitis" and although it is
termed "not serious" it has been known

to become acute and lead to serious
skin infections and allergies.

Sound Levels of Agricultural
Tractors

Large amounts of money are spent
in research and development cf agri
cultural equipment, which has practi
cally doubled in horsepower output in
the past 10 years. Only recently has
attention been given to reduction of
the sound levels that accompany high
power output.

lensen (4) notes that although he
was unaware of legal limits placed on
agricultural tractor noise in the United
States, some technical organizations are
considering noise criteria for recom
mendation practices. He reports the
data for noise levels used as legal limits
in other countries. These limits are de
signed to protect the disturbance of the
neighborhood without necessarily pro
tecting the operator. He also reports
that tractor noise levels may be high
because of the influence that noise may
have on marketability rather than be
cause of the technical difficulties in
reducing them. He feels that the public
mind seems to identify power with
noise.

A survey was taken by the Agri
cultural Engineering Department, Uni
versity of Saskatchewan, of the sound
levels produced by popular agricultural
tractors. The results are tabulated in
table 1. The sound levels ranged from
98 to 113 decibels which are all well
above the recognized index to prevent
acute hearing damage (presbycusis).
Furthermore, more than 50 per cent of
the tractors investigated subjected the
operator to sound levels above 100
decibels under working conditions.

Hutchings and Vasey (3) note that
high noise levels can cause temporary
hearing loss, increased fatigue and loss
of concentration after short periods of
exposure and can cause permanent
hearing loss after long periods of ex
posure. They define the safe level of
noise of a particular spectrum as the
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TABLE I. SOUND LEVELS ON AGRICULTURAL TRACTORS*

Nebraska Sound

Rated Level,
Machine Horsepower Environment Condition Decibels

Tractor 1 78.5 Cab A No load 94

Outside No load 102

Tractor 2 80.7 Cab A No load 97

Outside No load 100

Tractor 3 81 Cab B No load 107

Model A Cab B Loaded 104

Cab B (insulated) Loaded 100

Outside No load 100

Tractor 3 95 Cab B No load 98

Model B Cab C No load 100

Cab C Loaded 102

Cab D No load 103

Cab D Loaded 108

Outside No load 105

Outside Light load 102

Tractor 4 103 Cab E Loaded 102

Model A Cab E No load 98

Outside No load 105

Tractor 4 121.1 Outside Loaded 105

Model B

Tractor 5 89.4 Cab C Loaded 105

Tractor 6 94.9 Outside No load 113

Tractor 7 60.8 Cab C No load 98 .

Cab C Loaded 96

Tractor 8 80 Outside No load 100

Tractor 9 94 Cab C No load 104

Cab C Light load 108

Cab C Heavy load 110

Tractor 10 77.2 Outside No load 105

*A11 sound levels were measured in a position near the operator's ear where the engine
was running at rated speed. Measurements were made with a type 1555-A sound-survey
meter as described by General Radio (7).

level which would not give more than
85 decibels in any of the four critical
frequencey bands. They refer to the
four octave bands from 300 to 4800
CPS as the critical octave bands. On
the other hand, for reasonably flat
spectra, an overall noise level of 90
decibels would yield not more than the
prescribed 85 decibels in any one of the
critical octave bands. In most cases
therefore, 90 decibels can be consi
dered the safe noise level in view of
preventing permanent hearing damage,
even after prolonged exposure.

Due to the logrithmic nature of
rating sound by the decibel, 6 decibels
doubles the sound level. On the other
hand, Jensen (4) notes that because
the response of the ear is non-linear, a
10 decibel increase in sound level ef
fectively doubles the noise as judged
by the observer.

It becomes apparent from this in
formation and the data presented in
Table I that the sound levels on agri

cultural equipment are excessive. In
fact, the noise level must be reduced by
a factor of at least 2 in many cases
in order to insure the safety of opera
tors.

IMPROVEMENT OF

ENVIRONMENTAL CONDITIONS

Cabs

Cabs can be used to protect the
operator from the uncomfortable and
dangerous elements mentioned above.
There are about 30 cab manufacturers
in North America which present a wide
array of tractor cabs and features avail
able to the customer.

Although extensive tests were not
conducted, surveys and discussions
with users of tractor cabs indicated that
cabs were very beneficial in the control
of temperature and in the reduction of
solar radiation. Small electrical opera
ted fans of capacities varying from 100
to 300 cfm are often used to control
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the temperature rise in the cab and to
pressurize the cab. This pfessurfcation
reduces the probability of dust entering
openings in the tractor platform.

Surveys of the operators using the
cabs indicated that the common sys
tems of pressurizing the cab did not
control the temperature rise to most
operators' satisfaction. This is substan
tiated by data shown in Figure 1. In
most cases the operators found it ne-»
cessary to open windows in the cab
in order to maintain a more comfor
table temperature in the cab. Opening
the windows defeats the protective fea
ture of a dust free atmosphere and
renders the design inadequate for hot
weather operation.

Fine dust collected on inside ledges
of all the cabs studied in the survey.
This dust had apparently been admitted
to the enclosure via the pressurization
air to a large extent. Dust leaks in the
tractor platform were blamed for a
lesser amount of the fine dust. These
observations indicate that improvement
in the filtration of the pressurization air
is desirable.

In general, cabs presently available
to the Canadian farmer, although gen
erally considered a worthwhile im
provement over direct exposure to the
elements, leave a great deal to bQ
desired. All operators ageed that two of
the most serious deficiencies were con
cerned with sound control and condi
tioning of the pressurization air. Most
operators wanted improvements in
access to the operator platform as well
as roll over protection.

AIR CONDITIONING OF

TRACTOR CABS

Basically, there are three methods
of controlling the condition of the air
in tractor cabs:

(1) rapid circulation of filtered out
side air through the cab with 1 to
3 changes per minute,

(2) adiabatic cooling and air washing
by water filtration, and

(3) refrigeration systems.

Each one of these methods has relative
merit and the extreme variation in
North American weather conditions
makes the requirements of areas dif
ferent.

The first method is the most eco
nomical but is seriously limited in that
the high air flows heavily tax air clean
ing equipment and circulation of out-

13



side air does not allow reduction of the
cab air temperature below ambient
which is often desirable. Air washing
systems appear to be a compromise
between the other two methods both
with respect to function and to cost.
The costs of refrigeration and the
maintenance often required to operate
the units appear to be justifiable in the
southern and mid-Western United
States but, in general, most Canadian
farmers feel that refrigeration units ex
amined in this study did not justify
their expense. Furthermore, the units
investigated did not pressurize the cab
to seal out dust. Electrical requirements
were in excess of 20 amps at 12 volts
and could seldom be met by the stan
dard electrical equipment on agricul
tural tractors.

Tests were conducted in southwes
tern Saskatchewan to determine the

temperatures in tractor cabs. Typical
variation of cab temperature is shown
in figure 1.

S 80

TRACTOR CAB - 52" x 50" x 40" - TINTEO GLASS,
FAN AIR FLOW — APPROX. 150 CFM.

CAB TEMP. NEAR CEILING- FAN ON FAST

CAB TEMP. NEAR CEILING - NO FAN

- TEMP. OF AIR NEAR OPERATORS HEAO

• TEMP. OUTSIDE

89 10 II 12 I 2345678

TIME OF DAY

Figure 1. Temperatures in a tractor cab on a sunny
day — August 1964. Eatonia, Sask.

Design Considerations Important
in Cab Air Conditioning

As a result of this study and a sur
vey of tractor cabs and tractor opera
tors in Saskatchewan, the following cri
teria appear to be important in the
design of a tractor cab air conditioner:

(1) High air cleaning efficiency (re
moval of 90-98% of air borne
dust)

(2) High air cleaner capacity (service
required a maximum of once
daily)

(3) High air flow capacity with a
maximum current draw of 15
amps at 12 volts (2 to 3 air
changes per minute)

(4) Temperature and humidity con
trol capacity sufficient to main
tain:
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(a) a 15-20°F temperature re
duction below ambient

(b) a 50-70°F temperature in
crease above ambient

(c) a 40-80% RH inside the cab

(5) Inexpensive (the complete air
conditioner has to retail for less
than $300 in Canada in order to
be saleable to the average farmer)

(6) Compact and easily mounted and
serviced

Design of a Proposed Air Conditioner

The air conditioner was designed to
allow a selection of any one of three
detachable accessories to be used in
conjunction with the basic primary fil
tering system, fan case, and carrier
chassis. These attachments include a
dry filter attachment, an air washer-
cooler attachment, and a dry filter-
heater attachment. This design allows
the customer to purchase the basic unit
and expand the conditioner at a more
convenient time and allows the design
of attachments that perform specialized
functions with a higher efficiency.

The conditioner was designed to
mount in the upper front, right-hand
corner of the cab by inserting the duct
joining the fan casing and the carrier
chassis through the wall of the cab.
This location has the advantages of low
air borne dust concentrations and mini
mum obstruction to operator move
ment and operator vision as well as to
vehicle storage and overhead wires. It
also provides convenient access for
service and the advantage of ideal dif
fusion of the conditioner air toward the
operator's body in such a manner that
he breathes the conditioned air. Fur
thermore, the full advantage of the
psychological effects of spot cooling
on his forehead and hands is realized.

Primary air filtration

In view of the large quantities of air
borne dust encountered in several field
tests conducted by the authors, it was
concluded that a high capacity primary
filtration would reduce the service re
quirements of the air conditioner. A
popular centrifugal air cleaner used on
tractor cabs in Canada since 1958 was
selected on the basis of its advantages
as follows:

(1) Moderate air cleaning efficiency
(60-70%, removal of air borne
dust larger than 10 microns as
determined by test (8)

dust bowl often contains in excess
of 2 lb of dust)

(3) Intake static pressure does not
build up as the dust bowl collects
dust

Laboratory tests showed that in
order to reduce the static intake pres
sure sufficiently to allow the electric
fans to deliver a flowrate between 300
and 400 cfm, two centrifugal air clea
ners were necessary. This design was
campatible with the dual fan design
adopted to allow greater versatility in
the electrical connections to the trac
tor's system. Dual motors allow im
proved air flow control because one
motor can be stopped to reduce the
air flow. Twelve volt tractor systems
require the motors to be connected in
parallel. Tractor systems employing
two 12 volt batteries in a series circuit
require that the 12 volt current drain
from each battery must be balanced.
The dual motor design lends itself to
this installation very conveniently.

The fan unit and carrier chassis

The two 3 inch centrifugal fans with
forwardly curved blades were designed
to operate in a parallel air flow within a
dual fan shroud case as shown in
Figure 2a. The shrouds were designed
(6) according to the equation.

r = r0e

- 0o
K

1

where r = the radius at any angle 0

rG = the radius at angle 0 c

0 =z the angle in the direction of
rotation from a line drawn from
the center of the fan perpendicu
lar to the fan outlet (Figure 2a)

Figure 2A. Top view of fan case* and carrier chassis.

K = a constant determined by
trial and error determination to
give the proper outlet dimensions

(2) High air cleaning capacity (a full Butterfield and Bayne (1) conduc-
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ted a number of tests on fan scrolls

using equation 1. From their results
equation 2 was used to describe the
fan scroll employed in this fan unit.

r = 2.60 e 7.66 2

Equation 2 describes a logarithmic
scroll that has a cutoff angle of 0°
and a cutoff sheet-fan wheel clearance

of 0.35 inches. Further testing indica
ted that a round-edged inlet orifice
with a 0.25 inch clearance between the

case and the inlet on the fan wheel
maximized the air flow. In fact, the
compact fan unit that was developed
on the basis of the above computations,
outputs an excess of 425 cfm with no
inlet or outlet restrictions and draws
180 watts. When the centrifugal air
cleaners and the dry filter attachment
were used with the fan unit, the air
flow dropped to approximately 260
cfm with a power draw of 144 watts
(1).

The fan case exhauts the air into a
carrier chassis (see Figure 2B) which
was designed to accept any one of the
three secondary filter attachments with
a simple interchangeable clamping
system. This chassis also carries the
instrument panel and the deflectors to
control the distribution of the condi
tioned air within the cab. The unit is
designed to be rigid within its own con
struction and when attached to the
tractor cab the weights of the condi
tioner inside and outside the cab should
balance and reduce the bending load
on the wall of the cab.

In order to maintain static pressures
below V2 inch of water pressure such
that the net air flow of the air condi
tioner could be maintained at approxi
mately 250 cfm with the small fans
used, air velocities were designed to
be kept below 1500 fpm where pos
sible.

The dry filter attachment

The secondary foam filter attach
ment as shown in Figure 2B removes

n r

, y/////////////////1

Figure 2B. Side view of fan case and carrier chassis
with dry filter attachment.

many of the fine dust particles which
elude the centrifugal air cleaners. The
one square foot area of Vz inch porous
foam is made available in two pore
sizes of 40 and 60 pores per square
inch. In laboratory tests Butterfield
and Bayne (1) found that the combi
nation of the 40 pore foam with the
centrifugal air cleaners removed as
much as 80 per cent of the air borne
dust.

This design retains the moderately
good filtering characteristics of the bat-
type filters common in many cab pres-
surizer units but does not have the
common problem of plugging and extra
service because the bulk of the dust is
removed in the centrifugal air cleaners.

Th air-washer-cooler attachment

The air washer cooler attachment

was designed to clean and cool the
airstream on a hot, dry day. Although
the relative humidity is increased by
the evaporation of the water, the condi
tion of comfort as determined from
comfort charts (2) should increase due
to the reduction of the dry bulb tem
perature. This effect can be accentua
ted by directing the high velocity, con
ditioned air towards the body of the
operator.

The principle of air washing and
evaporative cooling is not new. Auto
motive evaporative coolers have been
patented previous to 1930. On the
other hand, the problems associated
with washing and cooling air for trac
tors' cabs are quite different. The
tractor cab unit must be capable of
washing out large quantities of dust
without clogging the washing element
and without causing static pressures
that reduce the air flow below approxi
mately 200 cfm. Field tests have shown
that the device described herein has
overcome most of these problems suc
cessfully.

Figure 3A. Air washer and cooler attachment

The air washer-cooler attachment as
shown in Figures 3A and 3B uses a
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cylindrical screen which is rotated by
the air stream impinging on vanes as
it passes through the screen in a radial
direction to dissipate the water into
the air stream. The water impinges on
the screen in such a manner that the
sheet is broken up into droplets, some
of which are carried through the screen
by the air stream while others are
carried on the screen and serve to wash
both the screen and the air. Upon pass
ing through the screen, the air and sus
pended water particles impinge upon
a network of vaporative-interception
vanes. These vanes serve to increase
the evaporative surface as well as to
remove the water droplets from the air
stream. The cool, clean air is then di
rected into the cab enclosure.

The excess water is drained to a re
movable tank (Figure 3B) mounted in

-SUPPLY LINE FILLER LID

SUBMERSIBLE

Figure 3B. Removable settling tank and reservoir.

a convenient location on the tractor.
The contaminated water is passed
through a stillingbasin (see Figure 3B)
where the particles are allowed to
settle. The clean water is pumped from
the adjoining reservoir by an electric
submersible water pump equipped with
a float switch to protect the pump from
dry operation. The filler lid can be
equipped with a drinking water reser
voir which is kept relatively cool by the
evaporation of the wash water.

Several screen sizes were investiga
ted and the 5 x 5 screen mesh with a
50 per cent free area rolled to a cylin
der diameter of 4 inches performed the
best. Smaller mesh screen created static
pressures which reduced the air flow
to values below 200 cfm although the
evaporative cooling and the air clean
ing efficiency were increased.

Several types of nozzles (or slotted
openings) were used to direct the water
against the screen. The centrifugal
pump selected was able to pump ap-
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proximately 1XA gpm against the head
produced when the slot clearance was
set at 0.030 inches. This combination
appeared to give a good water distribu
tion on the screen when the water dis
tributor slot was located as shown in
Figure 3A. Unfortunately, this 0.030
inch slotted gap tended to clog after a
few days operation. The design had to
be modified to allow the slot to be
hinged such that it could be easily
opened and cleaned when necessary.
All clearances in the air washer attach
ment are maintained by adjustable
stops in order to simplify manufacture
and operation.

In order to maximize the air flow
through the washer, the centrifugal air
cleaners were replaced by a hooded
screen covered with a thin, porous
foam rubber filter as shown in Figure
3A. This substitution allows greater
temperature control and does not re
duce the air cleaning efficiency of the
washer.

The air washer-cooler attachment is
presently undergoing field test. Labora
tory tests indicate air cleaning efficien
cies averaging 90 per cent removal of
air borne dust under sever conditions
where dust of approximately five times
the concentration of that expected in
the field was injected into the intake
duct. The screen and the evaporative
vans have shown no indications of
plugging, even when the unit runs out
of water, a problem that existed with
a cab air washer unit presently avail
able to the public and tested by the
authors.

The air washer attachment was field
tested and found to be effective in cool
ing the air stream directed at the opera
tor. The vaporation of the water re
duced the dry bulb temperature by
approximately 80% of the difference
between wet bulb and dry bulb tem
peratures (5% variations from the
80% figure were common). For ex
ample, on a typical 90°F day in August
1965, when the relative humidity was
30%, the temperature of the air stream
was reduced by 15°F. The average
temperature of the air envelope from
the water wash conditioner was 80°F
whereas the average temperature of
the air envelope produced by a single
electric fan measured 100°F.

The dry filter-heater attachment

The heater attachment is made up
of a heater element which uses the
engine coolant to heat the air and
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a baffle to regulate the mixing of the
air in order to control the temperature.
A foam filter is used to filter the fine
dust particles out of the air identical to
that of the dry filter attachment. There
is no provision for recirculation of cab
air in view of reducing condensation
problems that occur in cabs during cold
weather. Therefore, the heater coil
capacity is large at approximately 25,-
000 Btu/hr when the coolant tempera
ture is 180°F.

The bypass baffle in the air stream
and shutoff valve in the coolant line
allow the attachment to be used as a
secondary dry filter in warm weather.
(Fig. 4).

POROUS FOAM FILTER

' AIR Fl_OW«
V /-~ /He ' BAFFLE OPEN

^ ,,,/ y^^AIR FL0W
/ (TX IBAFFLE^-

CLAMP J \CLOSED I

ADJUSTABLE
HOT AND COLD AlB

MIXING BAFFLE

BAFFLE CONTROL LINKAGE

HEATER COIL

SHUT-OFF VALVE

Figure 4. Dry Filter-Heater attachment.

The dry filter-heater attachment will
be tested in the field in order to deter
mine the merit of the design.

REDUCTION OF THE NOISE

LEVEL ON TRACTORS

As indicated by the field measure
ments presented in Table 1, many
operators are exposed to hazardous
noise levels. Cabs do not appear to
necessarily increase this high sound
level but on the other hand, the cabs
available to the public at the time this
paper was written do not reduce the
sound level significantly.

Several modifications were made to
a test cab in an effort to reduce the
sound level. These modifications were
in the form of mounting the cab with
foam rubber stripping installed between
all of the adjoining cab panels. Further
more, sound absorbent insulating ma
terial was bonded to the cab and trac
tor platform sheet metal panels.

The foam rubber stripping produced
a perceptible change in the frequency
of the loudest noises. On the other
hand, the sound measurement equip
ment used to analyse the test cab did
not detect any improvement in the
noise level. The installation of the
sound absorbent material on sheet

metal panels reduced the noise level
by only 3 decibels, from 105 decibels
to 102 decibels. An accompanying re
duction in frequency was again per-
ceptable to the operators but was not
detected by the measuring equipment.

A more elaborate method of sound

control than insulating the sheet metal
panels and mounting the cab on foam
rubber stripping is necessary. The
small reduction in noise level accom

plished by these measures, although
significant, was insufficient.

The high sound level appears to be
transmitted to the enclosure by the
vibration of the cab structure and glass
windshields as well as the sheet metal

panels. This vibration could be reduced
by mounting the cab frame to the
tractor with rubber cushion mounts

that dampen tractor vibrations. The
cab could be constructed similar to
an automotive truck cab and attached
to the tractor in only three or four ideal
locations.

In addition to contributing to the
control of noise, the "unit" type of
construction referred to would also re
duce the problems of dust leaks and of
hot air leaking into the cab from the
tractor engine and transmission, prob
lems common to the bolt-on-accessory
type of design presently used.

SUMMARY

Operator exposure to dust, heat,
solar radiation, and high noise level is
uncomfortable and in some cases
dangerous to health. Considerable pro
tection from undesirable environmental
conditions is offered by an air condi
tioned cab.

Noise measurements on current trac

tors showed sound levels in a range of
78 to 113 decibels, which is high
enough to cause hearing damage under
prolonged periods of operation. Sug
gestions are given for ways of reducing
the sound level in tractor cabs.

A newly-designed, air conditioning
system for cabs is described which pro
vides air filtration, heating, or evapora
tive cooling.
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continued on page 27
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Some of the pickups, after raised Vi
inch did not pick up any stones and
the AMS-4 pickup picked up only
about 1/20 as many stones.

These results establish that when the
windrow is supported on the stubble,
the pickup should not be allowed to
contact the ground. This practice will
keep stone pickup to a minimum with
most pickups. However, when wind
rows are settled to the ground the
pickup must be set low enough to
contact the crop material and inevitably
will contact the ground. For this reason
other design factors become important.

Other Factors for Consideration

Spring Constant: Although the values
of the spring constant for the teeth of
the pickups are given (Table 1) the
effect of changing the value has not
been evaluated. The results between
pickups do not permit any conclusions
to be drawn in this regard even though
there are differences in value of spring
constant K. A pickup tooth with a high
spring constant will, however, be more
liable to toss stones than one with a
lower spring constant which may de
flect enough to pass over the stone
before putting it in motion.

The spring constant in a lateral
direction is even greater in importance.
If there is no lateral deflection the tooth
will have to move the stone it strikes or
be deflected back until it will pass over
it instead of deflecting sideways and
around the stone. Measurements of the
lateral spring constant were not taken
although this value was known to vary
considerably between pickups. Fre
quently pickup teeth deflect more easily
in the direction of travel; this is true
of those pickups having the coil spring
portion of the tooth fitted closely over
a pipe. The close fit prevents the coil
from opening and thus effectively shor
tens the active length of the tooth in
the lateral direction.

Tooth Spacing and Arrangement:
Teeth mounted in pairs and close to
gether pick up stones more readily than
other types, particularly if the lateral
spring constant is high. A pair of teeth
can act together on a single stone to
move it, much more easily than a single
tooth. If the rows of teeth are staggered
there is not the same opportunity for
two teeth to contact a stone together.
The specifications for the pickups show
considerable differences in tooth spa
cing and arrangement.

Tooth Shape: The shape of the teeth
will be a factor snce this will determine
the angle of attack of the tooth on a
stone as the tooth is deflected. Teeth
with a forward curve or bend have a
better chance to move a stone. Only
one of the pickups was reported to have
teeth which were curved.

Tooth Mass: The mass of a tooth at a

given velocity will put a stone in motion
with little tooth deflection if the stone
is not too large. With the velocities and
teeth used on most pickups stones pass
ing through a 3A inch screen can
probably be put in motion in this
manner. Data as to the differences in
this regard between pickups is not
given.

Number of Teeth: The number of teeth
passing per minute per foot of width
of pickup contribute to the number of
stones tossed ahead. The more hits or
passes per unit area of ground may
assist in picking up the windrow but
also increased the chances for stones
to be picked up. Large differences in
this specification for the various pick
ups are reported.

CONCLUSIONS

The results from the test reports
indicate that both pickup operating
height and rotational speed of combine
pickups are important in regard to the
number of stones picked up. A pickup
operated in contact with the ground
and at a high rotational speed will
pick up more stones.

The importance of other pickup
characteristics such as the tooth spring
constant, tooth spacing and arrange
ment, tooth shape and mass, and the
number of teeth has not been deter
mined. The use of the test procedure
outlined should enable the measure
ment of the effect of these factors on
the ability of a combine pickup to pick
up stones. With this information, char
acteristics could be chosen for the de
sign of a pickup which would pick up
a minimum of stones.
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