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PREFACE

INsTRUCTION pertaining to Farm Machinery and Farm
Motors has been quite recently added to the agricultural
course in the majority of the agricultural colleges in the
United States. Although the need and importance of
stuch a study was self-evident, it was a new field, one in
which the knowledge pertaining to the subject had not
Lbeen prepared and systematized for instructional pur-
poses. The latest book on the subject of Farm Machinery
was written by J. J. Thomas in 1869, before the general
introduction of labor-saving machinery for farm work.
Many books have been written on the various motors
used for agricultural purposes, but it is not believed that
an attempt has been made to place in one volume a dis-
cussion of them all. The authors have felt the need of a
text for instructional purposes, and it is this need that has
prompted them to prepare this book:" It is a revision of
the lecture notes used before their classes for several
years. These notes were prepared from a careful study
of all the available literature on the subject, and from
observation made in the field of the machines at work and
in the factories where they are made.

A list of the literature consulted is given at the close
“of the book. Free use has been made of all this as well
as all the trade literature available, and {for this an
effort has been made to give due credit. Many of the
illustrations have been prepared from original drawings
by the authors; however, the larger number are those of
machines upon the current market.

A discussion of all the farm machines did not seem
possible, and attention may be called to the omission of

299054
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seed grading and cleaning machinery, cotton machinery,
potato machinery, garden machinery, and other classes.
The amount of information at hand concerning these
classes of machinery did not justify their inclusion. Farm
Motors has been made more complete, but some of the
motors used to a limited extent in agricultural practice,
as hot-air engines and water-wheels, have been omitted.
Although electrical machinery is not much used in agri-
culture, its use is increasing and the interest in the sub-
ject has been so general that a chapter on the same has
been included. As the efficiency and life of farm
machinery depends largely upon the way and manner it
is repaired, a short chapter on the Farm Workshop has
been added.

To make instruction in Farm Machinery and Farm
Motors efficient it should in all cases be supplemented
with laboratory and field instruction, and it is not the
purpose of this book to displace such instruction.

An attempt has been made to make the material practi-
cal, useful and helpful, and although written primarily
for a text book, it is hoped that it will be useful to many
engaged in practical work.

The authors know that their attempt to prepare a text
book has not been perfect, and not only will errors be
found in the subject matter, but the material will lack
pedagogic form in places. Any criticism or suggestions
in these respects will be duly appreciated. The authors
wish also to acknowledge the obligations they owe many
friends for suggestions and aid in many ways. Thanks
are due the publishers for their work in preparing the
illustrations, which at first seemed to be an almost end-
less task.

* J. B. Davipson.
L. W. CHask.
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FARM MACHINERY

PART 1

INTRODUCTION

1. One of the requirements for a steady, healthy growth
of any people or nation is a bountiful supply of food.
The earth can be made to produce in abundance only
when the soil is tilled and plants suitable for food are
cultivated. As long as the people of the earth roamed
about obtaining their subsistence by hunting and fishing,
conditions were not favorable for a rapid increase in
population or an advance in civilization. Tribes or
nations constantly encroached upon each other’s rights
and were continually at war. History shows that when
any nation, isolated so as to be protected from the attacks
of other nations, devoted itself to agricultural pursuits,
its government at once became more stable and life and
property more secure. Protected in this way, a great
nation, shut off from the rest of the world by natural
means, and located in a fertile country, arose along the
banks of the Nile long before any other nation reached
prominence. The Gauls became mighty because they
devoted themselves to agriculture and obtained in this
way a more reliable supply of food. Pliny, the elder, in
his writings tells of the fields of Gaul and describes some
of the tools used. It has been estimated that there never
were more than 400,000 Indians in North America, and
they were often in want of food. Compare this number
with the present population. The tribes that flourished
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““FARM: MACHINERY
and increased in numbers were those who had fields of
grain and a definite source of food.

2. Change from hand to machine methods.——When
people began to turn their attention to farming they
began to devise tools to aid them in their work. Various
kinds of hoes, crude plows, sickles, and scythes were
invented, but were practically all hand tools. Work with
these was necessarily very laborious and slow. The
hours of labor in consequence were very long, and the
social position of the tiller of the soil was low. He was
in every sense of the term ‘“the man with the hoe.” He
became prematurely old and bent; his lot was anything
but enviable.

For more than 3,000 years the farmers of Europe, and
in this country until after the Revolutionary War, used
the same crude tools and primitive methods as were em-
ployed by the Egyptians and the Israelites. In fact, it
has béen, relatively speaking, only a few years since the
change from hand to machine methods took place. In
the Twelfth Census Report the following statement is
made: "“The year 1850 practically marks the close of the
period in which the only farm implements and machinery
other than the wagon, cart, and cotton gin were those
which, for want of a better designation, may be called
implements of hand production.”

McMaster, in his “History of the People of the United
States,” says: “The Massachusetts farmer who witnessed
the Revolution plowed his land with the wooden bull
plow, sowed his grain broadcast, and when it was ripe,
cut it with a scythe and threshed it out on his barn floor
with a flail.” He writes further that the poor whites of
Virginia in 1790 lived in log huts “with the chinks stuffed
with clay; the walls had no plaster, the windows had no
glass, the furniture was such as they themselves had
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made. Their grain was threshed by driving horses over
it in the open field. When they ground it they used a
rude pestle and mortar, or placed it in a hollow of a
stone and beat it with another.”

3. Effects of the change.—At any rate, a great change
has taken place and all in little over a half century. This
great change from the simplest of tools to the modern,
almost perfect implements, has produced a marked effect
upon the life of the farmer. He is no longer “the man
with the hoe,” but a man well trained intellectually.

4. Physical and mental changes.—It is not difficult to
realize that a great change for the better has taken place
in the physical and mental nature of the farmer. It is
vastly easier for a man to sit on a modern harvester,
watch the machine, and drive the team, than it is to work
all day with bended back, scuffling along, running a
cradle. How much easier it is to handle the modern
crop, though miuch larger, with the modern threshing
machine, where the bundles are simply thrown into the
feeder, than to spend the entire winter beating the grain
out with a flail. The farmer can now do his work and
still have time to plan his business and to think of im-
provements.

5. Length of the working day.—One of the marked
effects of the change to modern machinery methods has
been a shortening of the length of the working day.
When the work was done by hand methods, the day
during the busy season was from early morn till late at
night. Often as much as 16 hours a day were spent in
the fields. Now field work seldom exceeds 10 hours a day.

6. Increase in wages.—According to McMaster,* in
1794 “in the States north of Pennsylvania” the wages of

*McMaster: “History of the People of the United States,”
Vol. I1,, p. 170.
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the common laborer were not 10 exceed $3 per month,
and “in Vermont good men were employed for £18 per
year.” Even as late as 1849, the wages, according to sev-
eral authorities, did not exceed $120 a year. Under pres-
ent conditions, the farm laborer is able to demand two,
three, and even five times as much. In countries where
hand methods are still practiced, wages are very low.
Men are required to work all day from early morning till
late at night for a few cents. In some of the Asiatic
countries it is said that men work from four in the morn-
ing until nine at night for 14 cents. Women receive only
9 or 10 cents and children 7 or 8 cents.

7. The labor of women.—Woman, so history relates,
was the first agriculturist. Upon her depended the plant-
ing and tending of the various crops. She was required
to help more or less with the farm work as long as the
liand methods remained. Machinery has relieved her of
nearly all field work. Not only this, but many of the
former household duties have been taken away. Spinning
and weaving, soap-making and candle-making, although
formerly household duties, are now turned over to the
factory. Butter and cheese making are gradually becom-
ing the work of the factory rather than that of the home.
Sewing machines, washing machines, cream separators,
and numerous other inventions have come to aid the
housewife with her work.

8. Percentage of population on farms.—During the
change from hand to machine methods there was a great
decrease in the percentage of the people of the United
States living upon the farms. It has been estimated that
in 1800 97 per cent of the people were to be found upon
the farms. By 1849 this proportion had decreased to 9»
per cent, and according to the Twelfth Census Report it
w23 only 35.7 per cent.
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9. Increase in production.—Notwithstanding this de-
crease in the per cent of the people upon the farms, there
has been, since the introduction of machinery, a great in-
crease in production per capita. In 1800 it is estimated
that 5.50 bushels of wheat were produced per capita; in
1850, according to the Division of Statistics of the De-
partment of Agriculture, production had decreased to
4.43 bushels. This was before the effect of harvesting
machinery had begun to be felt. People were leaving the
farms and the production of wheat per capita was falling
off. The limit with hand methods had been reached.
Economists were alarmed lest a time should come when
the production would not supply the needs of the people.
Through the aid of machinery the production increased
to 9.16 bushels per capita in 1880, 7.48 bushels in 18go,
and 8.66 bushels in 19oo. Perhaps this also shows that
the maximum production of wheat per capita with present
machinery has been reached. The production of corn
has also increased, but the increase is not so marked.
The production of corn per capita in 1850 was 25.53
bushels; in 1900 it was 34.94 bushels.

10. Cost of production.—Although the cost of farm
labor has doubled or trebled, the cost of production has
decreased. According to the Thirteenth Annual Report
of the Department of Labor, the amount of labor required
to produce a bushel of wheat by hand was 3 hours and
3 minutes, and now it is only 9 minutes and 58 seconds.
The cost of production, as compiled by Quaintance,* was
20 cents by hand (1829-30) and 10 cents by machinery
(1895-96). It is also stated in the Year Book of the De-
partment of Agriculture for 1899 that it formerly required
IT hours of man labor to cut and cure 1 ton of hay. Now

*The Influence of Farm Machinery on Production and Labor.
II\’Iubllcatnons of the American Economic Association, Vol. V.,
o. 4.
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the same work is accomplished in 1 hour and 39 min-
utes. The cost of the required labor has decreased from
831/3 cents to 161/4 cents a ton. Not only is it true
that machinery has revolutionized the work of making
hay, but nearly every phase of farm work has been essen-
tially changed. i

11. Quality of products.—Machinery has also improved
the quality of farm products. Corn and other grains are
planted at very nearly the proper time, owing to the fact
that machinery methods are so much quicker. By hand
methods the crop did not have time to mature. It was
necessary to begin the harvest before the grain was ripe,
and hence it was shrunken. The grain is obtained now
cleaner and purer. It would be difficult at the present
time to sell, for bread purposes, grain which had been
threshed by the treading of animals over it.

12. Summary.—Great changes can be accounted for by
the introduction of machine methods for hand methods.
For all people this has been beneficial. It has caused the
rise of our great nation on the Western Hemisphere. To
no class, however, has this change been more beneficial
than to the farm worker himself. J. R. Dodge sum-
marized the benefits derived by the farm worker when
he wrote: “As to the influence of machinery on farm
labor, all intelligent expert observation declares it bene-
ficial. It has relieved the laborer of much drudgery;
made his work and his hours of service shorter; stimu-
lated his mental faculties; given an equilibrium of effort
to mind and body; made the laborer a more efficient
worker, a broader man, and a better citizen.”*

Conditions in America have been very favorable for
the development of machinery. We have never had an

*American Farm Labor in Rept. of Ind. Com. (1901), Vol. XI,,
p. I
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abundance of farm labor. The American inventor has
surpassed all others in his ability to devise machines.
By this machinery the farmer receives good compensa-
tion for his services and is able to compete on forelgn
markets with cheap labor of other countries.

Lastly, it seems conclusive that an agricultural college
course is not complete in which the student does not
study much about that which has made his occupation
exceptionally desirable. It should be an intensely prac-
tical study, for under present conditions success or failure
in farming operations depends largely upon the judicious
use of farm machinery.
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CHAPTER I

DEFINITIONS AND MECHANICAL PRINCIPLES

13. Agricultural engineering is the name given to the
agricultural achievements which require for their execu-.
tion scientific knowledge, mechanical training, and engi-
neering skill.

It has been but quite recently that departments have
been organized in agricultural colleges to give instruction
in agricultural engineering. The name is not as yet uni-
versally adopted, the term farm mechanics or rural en-
gineering being preferred by some. It is hoped that in
time “agricultural engineering” will be generally accepted,
as it seems to be the broadest and most appropriate term
to be given instruction defined as above. Implement
manufacturers in Europe have been pleased to call them-
selves agricultural engineers, and the term is not alto-
gcther a new one. v

Agricultural engineering embraces such subjects as:
(1) farm machinery, (2) farm motors, (3) drainage,
(4) irrigation, (5) road construction, (6) rural architec-
ture, (7) blacksmithing, and (8) carpentry.

14. Farm machinery.—Part 1. of this treatise, after the
present chapter of definitions and mechanical principles
and chapters on the transmission of power and the
strength of materials, will be a discussion of the con-
struction, adjustment, and operation of farm machinery,
and will include the major portion of the implements and
machines used in the growing, harvesting, and preparing
of farm crops, exclusive of those used in obtaining power.
These will be considered in Part II. under the title of
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Farm Motors. The following definitions and explana-
tions will prove helpful:

15. A force produces or tends to produce or destroy
motion. Forces vary in magnitude, and some means must
be provided to compare them. Unit force corresponds to
unit weight and is the force of gravitation on a definite
mass. This unit is arbitrarily chosen and is called the
pound. The magnitude of all forces, as the draft of an
implement, is measured in pounds. Forces also have
direction and hence may be represented graphically by a
line. For this reason a force is sometimes called a vector
quantity. Two or more forces acting on a rigid body act
as one force called a resultant.

Thus in Fig. 1, O A and O B rep-
resent in direction and magnitude
two forces acting through the point
O. OC is the diagonal of a paral-
lelogram of which O A and O B are
sides, and represents the combined
action of the forces represented by
O A and O B, or is the resultant of these forces. This
principle is known as the parallelogram of forces.

16. Mechanics is the science which treats of the action
of forces upon bodies and the effect which they produce.
It treats of the laws which govern the movement and
equilibrium of bodies and shows how they may be util-
ized.

17. Work.—When a force acts through a certain dis-
tance or when motion is produced by the action of a
force, work is done. Work can therefore be defined as
the product of force into distance. Work can be defined
in another way as being proportional to the distance
through which the force acts, and also to the magnitude
of the force.
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18. Unit of work.—It has been stated that the unit of
force is the pound. The unit of distance is the foot. The
unit of work is unit force acting through unit distance
and is named the foot-pound. A foot-pound is then the
amount of work performed in raising a mass weighing
1 pound 1 foot. It is to be noted that the amount of
work done in raising 1 pound through 10 feet is the same
as raising 10 pounds through 1 foot. It is to be noted
further that, in considering the amount of work, time is
not taken into account. It is the same regardless of
whether 1 minute or many times I minute was used in
performing the operation. The horse-power hour is an-
other unit of work commonly used and will be under-
stood after power has been defined.

19. Power is the rate of work. To obtain the power
received from any source the number of foot-pounds of
work done in a given time must be determined. The unit
of power commonly used is the horse power.

20. A horse power is work at the rate of 33,000 foot-
pounds a minute, or 550 pounds a second. That is, if a
weight of 33,000 pounds be raised through 1 foot in I
minute, one horse power of work is being done. This unit
was arbitrarily chosen by early steam engine manufac-
turers to compare their engines with the power of a horse.

If a horse is walking 2.5 miles an hour and exerting a
steady pull on his traces of 150 pounds, the effective
energy which he develops is:

150 X 5280 X 2.5 _
B 00, =1 H. P.

21. A machine is a device for applying work. By it
motion and forces are modified so as to be used to greater
advantage. A machine is not a source of work. In fact,
the amount of Wwork imparted to a machine always ex-
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ceeds the amount received from it. Some work is used
in overcoming the friction of the machine. The ratio be-
tween the amount of work received from a machine and
the amount put into it is called the efficiency of the
machine.

22. Simple machines are the elements to which all ma-
chinery may be reduced. A machine like a harvester,
with systems of sprockets, gears, and cranks, consists
only of modifications of the elements of machines. These
elements are six in number and are called (1) the lever,
(2) the wheel and axle, (3) the inclined plane, (4) the
screw, (5) the wedge, and (6) the pulley. These six may
be conceived to be reduced to only two—the lever and
the inclined plane.

23. The law of mechanics holds that the power multi-
plied by the distance through which it moves is equal to
the weight multiplied by the distance through which it
moves. Thus, a power of 1 pound moving 10 feet equals.
10 pounds moving 1 foot. This is true in theory, but in
practice a certain amount must be added to overcome
friction. 3

24. The lever, the simplest of all machines, is a bar
or rigid arm turning about a pivot called the fulcrum.
The object to be moved is commonly designated as the
weight, and the arm on which it is placed is called the
weight arm. The force used is designated as the power,
and the arm on which it acts is called the power arm. -
Levers are divided into three classes; for an explanation
of the classes refer to any text on physics.* The law of
mechanics may be applied to all levers in this manner.
The power multiplied by the power arm equals the weight

multiplied by the weight arm.

*“General Physics.” By C. S. Hastings and F. E. Beach and
others,
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1f P = Power, Pa = Power arm, W = Weight, and Wa = Weight
arm, P X Pa=W X Wa.

1f three of these quantities are known, the other is
easily calculated. The arm or leverage is always the
perpendicular distance between the direction of the force
and the fulcrum.

25. The two-horse evener or doubletree.—The two-
horse evener is a lever of the second class where the clevis
pin for the whiffletree at one end acts as the fulcrum for
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FIG. 2—WAGON EVENER IN OUTLINE. SHOWING THE ADVANTAGE THE
LEADING HORSE HAS WHEN THE CLEVIS HOLES
ARE NOT A STRAIGHT LINE |

the power applied by the horse at the other end. The
weight is the load at the middle. If the three holes for
the attachment of each horse and the load be in a straight
line and the arms be of equal length, each horse pulls an
equal share of the load even if the evener is not at right
angles with the line of draft. But more often the end
holes in the evener are placed in a line behind the hole
for the center clevis pin. Then if one horse permits his
end of the evener to recede, he will have the larger portion
of the load to pull because his lever arm has been short-
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ened more than the lever arm of the other horse. The
author’s attention has been called to a wagon doubletree
in which the center and end holes for clevis pins are made
by iron clips riveted to the front and back sides of the
wood. The center hole was thus placed 434 inches out
of the line of the end holes. This evener is shown in out-
line in Fig. 2.

By calculation it was found that if one horse was 8
inches in the advance of the other, the rear horse would
pull 8.64 per cent more than the first, or 4.32 per cent more
of the total load. If this difference was 16 inches, the
rear horse would pull 19 per cent more than the first, or
8 per cent more of the total load.

26. Eveners.—When several horses are hitched to a
machine as one team, a system of levers is used to divide
the load proportionately. The law of mechanics applies
in all cases, noting that the lever arm is the perpendicular
distance between the direction of the force and the ful-
crum or pivot. In general, it may be said that there is
nothing to be gained by a complicated evener. If there
is a flexible connection and an equal division of the draft,
the simple evener is as good as the complicated or so-
called “patent” evener. The line of draft cannot be offset
without a force acting across it. This is accomplished
with a tongue truck, which seems to be the logical
method.

Fig. 3 illustrates some good types of eveners.

27. Giving one horse the advantage.—It often occurs
in working young animals or horses of different weights
that it is desired to give one the advantage in the share
of work done. This is accomplished by making one
evener arm longer than the other, giving the horse
which is to have the advantage the longer arm. This
may be done by setting out his clevis, setting in the clevis
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of the other horse, or placing the center clevis out toward
the other horse. The correct division of the load between
horses of different sizes is not definitely known, but it is

Five Horse Tandem.

FIG. 3—GOOD TYPES OF EVENERS WHICH WILL DIVIDE EQUALLY
THE DRAFT

thought that the division should be made in about the
same proportion as each horse’s weight is of their com-
bined weight.

28. Inclined plane.—The tread power is an example of
the utilization of the inclined plane, in which the plane
is an endless apron whose motion is transferred to a
shaft. The tread power is illustrated in Part II., Farm
Motors.

29. The screw is a combination of the inclined plane
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and the lever, where the inclined plane is wrapped around
a cylinder and engages a nut. The pitch of a screw is the
distance between a point on one thread
to a like point on the-next, or, in other
words, it is 1 inch divided by the num-
ber of threads to the inch. Thus, 8
threads to 1 inch is 1/8 pitch, 24 threads
1/24 pitch. There is a great gain of
power in the screw because the load is
moved a short distance compared with
the power. A single-pitch thread ad-
l vances along the length of the screw
T once the pitch at each turn; a double
pitch advances twice the pitch. The
part of a bolt containing a screw thread
on the inside is spoken of as a nut.
The name burr is often given to the
4; nut, but burr applies more particu-
larly to washers for rivets. The tool
used in making the thread in a nut is
called a tap, and the one for making
outside threads a die.
30. A pulley consists primarily of a

FIG. 4—SIMPLE PUL- gorooved wheel and axle over which
LEY, WHICH ONLY runs a COrd.
CHANGES THE DI-
RECTION OF A FORCE

A simple pulley changes only the di-
rection of the force. By a combination
of pulleys the power may be increased indefinitely. The
;wheel which carries the rope is called a sheave, the cover-
ing and axle for the sheave the block, and the whole a
pulley. A combination of blocks and ropes is called a
tackle. With the common tackle block, the power is
multiplied by the number of strands of rope less one.

The mechanical advantage may be obtained in another
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way, as it is equal to the number of strands supporting
the weight. This will agree with the former method
when the power is acting downward. If the power is act-
ing upward instead of downward, the power strand would
be supporting the weight, and so should not be deducted
from the total number to obtain the mechanical advantage.

Fig. 5 illustrates a tackle which has six strands, but

o [ % fl
FIG. 5—A TACKLE. A FIG. 6 — DIFFEREN+
FORCE MAY BE TIAL TACKLE BY
MULTIPLIED MANY WHICH HEAVY
TIMES BY A TACKLE WEIGHTS MAY BE
OF THIS KIND RAISED

only five are supporting the weight, so the mechanical
advantage in this case is five. If the weight be 1,000
pounds, as marked, a force of 200 pounds besides a force
sufficient to overcome friction will be needed to raise the
weight. This tackle has a special designed sheave which,
when the free rope end is carried to one side and let out
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slightly, the rope is wedged in a special groove and the
weight held firmly in place.

The differential pulley shown in Fig. 6 is a very power-
ful device for raising heavy weights and is very simple.
The principle involved is that the upper sheaves are of
different diameters, fastened rigidly together and en-
gaging the chain in such a manner as to prevent it from
slipping over them. Thus, as the sheaves are rotated, one
of the strands of chains carrying the load is taken up
slightly faster than the other is let out, shortening their
combined length and raising the load.

31. Dynamometers* are instruments used in determin-
ing the force transmitted to or from a machine or imple-

Broke

VAV,

FIG. 7—PRONY BRAKE: ONE FORM OF ABSORPTION DYNAMOMETER

broke arm.

A/%ﬂ

ment. They are, therefore, very important instruments
for the study and testing of machinery. Having deter-
mined with this instrument the force, it is an easy matter
to calculate the power.

32. Absorption dynamometers are those which absorb
the power in measuring the force transmitted. The Prony
brake as illustrated in Fig. 7 is the common device used

*For additional literature on the measurement of power see
“Experimental Engineering,” by R. C. Carpenter.
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in measuring the output of motors. The force trans-
mitted is measured by a pair of platform scales or a spring
balance. The distance through which this force acts in 1
minute is calculated from the number of revolutions of
the rotating shaft per minute and the distance through
which the force would travel in one revolution if released.
The revolutions of the shaft are obtained by means of a
speed indicator, a type of which is illustrated in Fig. 8.

—t L

FIG. 8—SPEED INDICATOR : AN INSTRUMENT FOR DETERMINING THE SPEED

If # =ratio between diameter of circle and the circumfer-
ence = 3.1416,
a=length of brake arm in feet,
G —net brake load (weight on scale less weight of brake

on scale),
n =revolutions a minute,
27 Gan
R — it

Dynamometers which do not absorb the power are
called transmission dynamometers.

33. Traction dynamometers.—Dynamometers used in
connection with farm machinery to determine the draft
of implements are called traction dynamometers. They
are instruments on the principle of a pair of scales placed
between an implement and the horses or engine. They
indicate the number of pounds of draft or pull required to
move the implement. The traction dynamometer is a
transmission dynamometer. The power is not all used
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up in the measuring, but transmitted to the implement
or machine where the work is being done.

The operation of the traction dynamometer is the same
as that of a heavy spring balance. The spring may be a
coil, flat or elliptical, or an oil or water piston may be
used in place of the spring and the pull determined by
the pressure produced.

34. Direct-reading dynamometers.—The more simpie
types of dynamometers have a convenient scale and a
needle which indicates the pull in pounds. A second
needle is usually provided which shows the maximum
pull which has been reached during the test. A dyna-
mometer of this kind is illustrated in Fig. 9. This has

FIG. Q—DIRECT-READING DYNAMOMETER

elliptical springs and a dial upon which the draft is regis-
tered. It is difficult to obtain accurate readings from a
dynamometer of this sort on account of vibration caused
by the change of draft due to rough ground or the un-
steady motion of the horse.

35. Self-recording dynamometers.—A recording dyna-
mometer records by a pen or pencil line the draft. A
strip of paper is passed under the needle carrying the
pen point, whose position is determined by the pull. The
height of the pen line above a base line of no load is pro-
portional to the pull in pounds. A diagram obtained in
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this way is shown in Fig. 10. Often the paper is ruled
to scale so that direct readings may be made from the
paper. Methods of rotating the reel or spool vary in
different makes. Some German dynamometers rotate the

00
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FIG. I0—A RECORD OF DRAFT OBTAINED BY A RECORDING DYNAMOMETER

reel by a wheel which runs along on the ground and is
connected to the reel by a flexible shaft, as in Fig. 11.
This method is very satisfactory, except that the wheel is

FIG. IT—A GERMAN RECORDING DYNAMOMETER WHICH HAS THE REEL
DRIVEN BY A WHEEL TRAVELING ON GROUND

often in the way. Distances along the paper are in this
case proportional to the distance passed over by the im-
plement,
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Another method is to rotate the reel by clock-work.
Then distances along the paper are proportional to time.

FIG. 12— GIDDINGS RECORDING DYNAMOMETER, WHICH HAS THE REEL
DRIVEN BY CLOCK-WORK

If the velocity be uniform, the distances are appioxi-
mately proportional to the distance passed.over as be-
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fore. When the distances along the paper are propor-
tional to the ground passed over, the amount of work
may be obtained easily. The Giddings dynamometer, as
illustrated in Fig. 12, is made in this way. It also has
elliptical springs.

Still another method is made use of in another type of
dynamometer, in which the in-and-out movement of the
pull head is made to rotate the reel. This method is not

FIG. I13—THE PLANIMETER USED TO FIND THE AVERAGE DRAFT FROM
DYNAMOMETER RECORDS. THERE ARE SEVERAL TYPES
OF THIS INSTRUMENT

so satisfactory because distances along the paper are not
proportional to anything. If the draft remains constant,
there is no rotation of the reel at all. Various devices are
provided dynamometers. to add the draft for stated
distances, and in this way obtain the work done. A tape
line 100 feet long is sometimes used to rotate the reel of
the dynamometer.

To obtain the mean draft a line is drawn through the
graph of the pen point, eliminating the sharp points.
Then the diagram may be divided into any number of
equal parts and the sum of the draft at the center of
these divisions divided by the number of divisions. The
quotient will be the mean draft.

An instrument called the planimeter (Fig. 13) will de-
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termine the area of the diagram when the point is passed
around it. To obtain the mean height and the average
draft it is only necessary to divide the area of the diagram
by its length. This can only be done when distances
along the paper are proportional to the distance passed
over by the implement.

36. Steam and gas engine indicators.—The indicator,
although not used much in connection with farm engines,

k
|
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FIG. I4—THE STEAM OR GAS ENGINE‘INDICATOR. AN INSTRUMENT USED
TO OBTAIN A RECORD OF THE PRESSURE IN THE ENGINE CYLINDER
AT VARIOUS POINTS OF THE STROKE
should be mentioned at this point under a discussion of
the methods of measuring work.

Fig. 14 illustrates a steam engine indicator complete,
and also a section of it showing the mechanism inside. In
brief, the indicator consists in a drum, upon which a paper
card is mounted to receive the record or diagram, and a
cylinder carefully fitted with a piston upon which the
pressures of the steam or gases from the engine cylinder
act. The drum by a mechanism called a reducing motion
is given a motion corresponding to that of the engine
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piston, and the pressure of the gases from the engine
cylinder acting on the piston of the indicator compresses
a calibrated spring above. The amount of pressure is re-
corded with a pencil point by a suitable mechanism on
the paper card. Thus if a diagram is obtained from an
engine at work, it not only permits a study of the engine
in regard to the action of
valves, igniter, etc., but
also enables the amount of
work performed in the en-
gine cylinder to be calcu-

lated.
FIG. 15—AN ACTUAL INDICATOR DIA- )
GRAM OBTAINED FROM A GAS EN- Fig. 15 shows an actual

GINI::, WITH THE SCALE OF THE diagram taken from a gaS
SPRING APPENDED -
engine. As the pressure
varies throughout the stroke, an instrument like the
planimeter of Fig. 13 must be used to average the pres-
sure for the entire working stroke of the piston, and sub-
tract the pressure required in the preliminary and ex-
haust strokes. This average pressure is called the mean
effective pressure (M.E.P.). Knowing 'the distance the
engine piston travels a minute doing work, the area of
the surface on which the pressure acts, and the mean ef-
fective pressure, it is possible to calculate the rate of
work or the horse power. The horse power obtained in
this way is called the indicated horse power (I.H.P.),
and differs from the brake horse power (B.H.P.) by the
power required to overcome friction in the engine. The
ratio of the brake horse power to the indicated horse
power is called the mechanical efficiency of the engine.

If P = Mean effective pressure,
L = Length of stroke in feet,
A = Area of piston in square inches,
N = Number of working strokes a minute,
LH.P.= PLAN

33,000
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It is to be noted that in double-acting engines the faces
of the piston on which the pressure in the engine cylinder
acts differ by the area of the cross section of the piston
rod. It is customary to calculate the indicated horse
power for each end of the cylinder, and take the sum for
the indicated horse power of the engine.

37. Heat.—Work, as measured by the foot-pound, is
mechanical energy or the energy of motion. Energy is
defined as the power to produce a change of any kind and
manifests itself in many forms. It may be transformed
from one form to another without affecting the whole
amount. Heat represents one form of energy, and it is
thc purpose of all heat engines to transform this heat
energy into mechanical energy. Like work, heat may be
measured. The unit used for this purpose is the British
thermal unit.

The British thermal unit (B.T.U.) is the amount of
heat required to raise the temperature of 1 pound of water
1° F. To make the unit more specific, the change of tem-
perature is usually specified as being between 62° and
63° F. The work equivalent of the British thermal unit
is sometimes called the Joule (]J) and is equal to 778 foot-
pounds of work.

Thermal efficiency is a term used in connection with
heat engines to represent the ratio between the amount
of energy received from the engine in the form of work
and the amount given to it in the form of heat. The
thermal efficiency of a steam engine seldom exceeds 15
per cent and of a gas engine 30 per cent.

38. Electrical energy.—By means of a dynamo, mechan-
ical energy may be converted into electrical energy or the
energy of an electric current. An electric current may
be likened to the flow of water through a pipe in that it
has pressure and volume, In the water pipe the pressure
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is measured in pounds to the square inch, and the volume
by the area of the cross section of the pipe. With an
electric current the pressure is measured in volts and the
volume or amount of current in amperes. Thus a current
may have a pressure or voltage of 110 volts and a volume
or amperage of 7 amperes. The product of volts into am-
peres gives watts. An electrical current of 746 watts is
equal to one horse power. Electric energy is bought and
sold by the watt-hour, or the larger unit, the kilowatt-
hour, which is 1,000 watt-hours.



CHAPTER 11
TRANSMISSION OF POWER

It is the function of all machines to receive energy
from some source and distribute it to the various parts
where it will be converted into useful work. This chapter
will treat of the devices used in the transmission and dis-
tribution of power and the loss of power during trans-
mission,

39. Belting.—Belting is one of the oldest and most com-
mon devices used for the transmission of power from one
rotating shaft to another. The transmission depends
upon the friction between the belt and the pulley face;
that is, the belt clings to the pulley faceé and causes it to
rotate as the belt travels around it. The sides of a belt,
when connecting two pulleys and transmitting power, are
under unequal tension. The effectual tension or actual
force transmitted is the difference between the tensions
on each side. The effectual tension multiplied by the
velocity of the belt in feet a minute will give the foot-
pounds of work transmitted a minute. Thus the power
varies directly with effectual tension and the velocity of
the belt.

40. Horse power of a leather belt.—It is possible to
make up a formula with the above quantities to be
used in the calculation of the power of a belt or the
size required to transmit a certain power. The fol-
lowing is a common rule for single-ply belting, which
assumes an effectual tension of 33 pounds an inch of
width:
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H. P.—= Horse power,
v = Velocity in feet a minute,
w = Width of belt in inches.

! W
H. P. )

The quantity v may be calculated from the number of
revolutions a minute and the diameter of the driving
pulley. The velocity of belts rarely exceeds 4,500 feet a
minute. The highest efficiency of belt transmission is ob-
tained from belting when there is no slipping and little
stretching, and when the tension on the belt does not
create an undue pressure on the bearings.

41. Leather belting.—Good leather belting will last
longer than any other when protected from heat and
moisture. A good belt should last for 10 to 15 years of
continuous service. Best results are obtained when the
hair or grain side of the leather is run next to the pulley.
When the belt is put on the opposite way, the grain side,
which is firmer and has the greater part of the strength of
the belt, is apt to become cracked and the strength of the
belt much reduced.

42. Care of leather belts.—Belts should be occasionally
cleaned and oiled to keep them soft and pliable. There
are good dressings upon the market, and others that are
certainly injurious. Neatsfoot oil is a very satisfactory
dressing. Mineral oils are not very satisfactory, as a rule.
Rosin is considered injurious, and it is doubtful if it is
necessary to use it on a belt in good condition. With
horizontal belts it is desirable to have the under side the
driving side, for then the sag of the slack side causes
more of the belt to come in contact with the pulleys and
will prevent slippage to some extent.

43. Rubber belting.—Good rubber belting is of perfect
uniformity in width and thickness and will resist a greater
degree of heat and cold than leather. It is especially well
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adapted to wet places and where it will be exposed to
the action of steam. Rubber belting, which clings well to
the pulley, is less apt to slip and may be called upon to
do very heavy service. Although not as durable as
leather, it is quite strong, but offers a little difficulty in
the making of splices. Rubber belting is made from two-
ply to eight-ply in thickness. A four-ply belt is consid-
ered the equal of a single-ply leather belt in the trans-
mission of power. All oil and grease must be kept away
from rubber belting.

44. Canvas belting is used extensively for the trans-
mission of power supplied by portable and traction en-
gines. It is very strong and durable, and is especially
well adapted to withstand hard service. When used in
the field it is usually made into endless belts. It has one
characteristic which bars its extended use between pul-
leys at a fixed distance, and that is its stretching and con-
tracting, due to moisture changes. Canvas belting, like
rubber belting, is made in various thicknesses from two-
ply up. A four-ply belt is usually considered the equal of
a single leather belt.

45. Length of belts.—Length of belts is usually deter-
mined after the pulleys are in place by wrapping a tape
line around the pulleys. When this cannot be done con-
veniently, the following approximate rule taken from
Kent’s Mechanical Engineer’s Pocketbook may be
used: “Add the diameter of the two pulleys, divide by
two, and multiply the quotient by 324, and add the
product to twice the distance between the centers of the
shafts.” ‘

46. Lacing of belts.—I.acing with a rawhide thong is
the common method used in connecting the ends of a belt.
A laced belt should run noiselessly over the pulleys and
should be.as pliable as any part of the belt. The holes
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should be at least five-eighths inches from the edge and
should be placed directly opposite. An oval punch is the
best, making the long diameter of the hole parallel with
the belt. With narrow belts only a single row of holes
need be punched, but with wide belts it is necessary to
punch a double row of holes.

By oiling or wetting the end of the lace and then burn-
ing to a crisp with a match the lacing may be performed
more easily. Begin lacing at
the center of the belt and never
cross or twist the lace or have
more than two thicknesses of
lace on the pulley side of the
belt. In lacing canvas belts,
BLbdd 2 W the holes should be made with
a belt awl. When the lacing is
finished the lace may be pulled
through a small extra hole and
then cut so as to catch over -
the edge. By this method, ty-
ing of the lace is avoided. Fig.
16 illustrates four good meth-
ods of lacing a belt with a
QW@ 4 M@@ thong.

' I shows a method of lacing
FIG. 16—FOUR Goop STYLES @ belt with a single row of
OF BELT LACING holes.

2 shows a light hinge lace for a belt to run around
an idler.

3 shows a double row lace.

4 shows a heavy hinge lace.

47. Wire belt lacing makes a very good splice. The
splice when properly made is smooth and well adapted
for leather and canvas belting. When this lacing is used,

SE

=
=t
==
o

HOLOH




32 FARM MACHINERY

the holes should be made with a small punch, the thick-
ness of the belt from the edge and twice the thickness
apart. The lacing should not be crossed on the pulley
side of the belt.

48. Pulleys.—Pulleys are made of wood, cast iron, and
steel. They are also constructed solid or in one piece
and divided into halves. It is best to have a large cast
pulley divided, as the large solid pulley is often weakened
by contraction in cooling after being cast. For most
purposes the iron pulley is the most satisfactory, as it is

neat and durable. Belts do not cling to
iron pulleys well, and hence they are often
covered with leather to increase their driv-
ing power. Often the driving power is in-
d |} creased one-fourth in this way.
Pulleys are crowned or have an oval face
I in order to keep the belt in the center. The
tendency of the belt is to run to the highest
) point, as shown in Fig. 17. The pulley that
E imparts motion to the belt is called the
driver and the one that receives its motion
FIG-INIZ‘;ZI;OW‘ from the belt the driven.
EFFECT OF 49. Rules for calculating speed of pul-
CROWN ON  Jeys.—Case I. The diameters of the driver
PULLEYS ! : :
and driven and the revolutions per minute
of the driver being given, to find the number of revolu-
tions per minute of the driven. Rule: Multiply the
diameter of the driver by its r.p.m. and divide the product
by the diameter of the driven; the quotient will be the
r.p.m. of the driven.

Case II. The diameter and the revolutions per minute
of the driver being given, to find the diameter of the
driven that shall make any given number of revolutions
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per minute. Rule: Multiply the diameter of the driver
by its r.p.m. and divide the product by the r.p.m. of the
driven; the quotient will be its diameter.
Case III. To ascertain the size of the driver. Rule:
Multiply the diameter of the driven by the r.p.m. de-
sired that it should
make and divide the
product by the revolu-
tions of the driver; the
" quotient will be the size
of the driver.

No allowance is made
in the above rules for
FIG. I8—MALLEABLE LINK BELTING slip.

OF ROTATING SHAFTS 50. Link belting.‘—A
common means of distributing power to various parts of
a machine is by link belting. Chain link belting is
adapted to almost all purposes except high speed. Two
kinds of link belting are now found in general use. One.
style is made. of malle-
able iron links (Fig.
18) and the other
crimped ‘steel (Fig. 19).
In regard to the desira-
bility of each, data is
not at hand. However,
it is stated that the steel '
links wear ]Ong‘et‘, but FIG. IQ—STEEL LINK BELTING
cause the sprockets to wear faster. If this be true, the
steel belting should be used on large sprockets and the
malleable confined to the smaller sprockets.

51. Rope transmission often has many advantages over
belt transmission in that the first cost of installation is
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less, less power is lost
by slippage, and the di-
rection of transmission
may be easily changed.
Transmission ropes are
made of hemp, manila,
and cotton. Cotton rope
is not as strong as the
others, but is much more
durable, especially when
run over small pulleys or sheaves. The
groove of the pulley or sheaves should be
of such a size and shape as to cause the
rope to wedge into it, thus permitting the
effective tension of rope to be increased to
its working strength.

Fig. 20 illustrates a rope transmission
system. Transmission ropes, to insure the

. highest efficiency in respect to the amount
of power transmitted and the durability of
the ropes, should have a velocity of from
3,000 to 4,000 feet a minute. To lubricate
the surface of the rope and prevent it from
fraying, a mixture of beeswax and graphite
is good.

52. Wire rope or cable transmission.—
For transmission of power to a distance
and between buildings, wire rope has many
advantages. If the distance of transmis-
sion be over 500 feet, relay stations with
idler pulleys should be installed to carry ‘
the rope. Pulleys or sheaves for wire rope
should not have grooves into which the FIG. 20—TRANS-

o . o MISSION OF
rope may wedge, as this is very detrimental power By rorEs
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to the durability of the rope. The sheaves for wire rope
should have grooves filled with rubber, wood, or other
material to give greater adhesion.

Fig. 21 illustrates how a wire rope may be used to
transmit power between buildings. For tables useful in

23
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FIG. 2I—TRANSMISSION OF POWER BY A WIRE ROPE

determining the size of rope required for a rope trans-
mission, see any engineering handbook. They require
too much space to be included in this work.*

53. Rope splice.—To splice a rope the ends should be

FIG, 22—METHOD OF SPLICING A ROPE

cut off square and the strands unbraided for not less than
2% feet and crotched together as shown at 1 in Fig. 22.
After the strands of one end are placed between the
strands of the other, untwist one strand as at C and

*“Mechanical Engineers’ Pocket Book.” By William Kent.
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wind the corresponding strand of the other rope end into
its place until about 9 to 12 inches remain. After this is
done, the strand should be looped under the other, form-
ing the knot shown at B, with the strand following the
same direction as the other strands of the rope. Another
strand is now unwound in the opposite direction and the
same kind of knot formed. The long ends of the un-
wound strands are cut to the same length as the short
ones, and the short ends woven into the rope by passing
over the adjacent strand and under the next, and so on.
This is continued until the end of the strand is com-
pletely woven into the rope. The same operation is fol-

WIRORILL Sune ROD

FIG. 23—THE TRANSMISSION OF THE POWER OF A WINDMILL TO A PUMP
AT A DISTANCE BY MEANS OF TRIANGLES AND WIRES

lowed with all of the strands until a smooth splice is ob-
tained. The above directions apply well for splicing
ropes used with haying machinery. The same method
may be used with transmission rope, although with the
latter the splice is often made much longer.

54. Triangles.—A very handy method of transmitting
the power of a windmill to a pump at a distance is by
means of triangles, as illustrated in Fig. 23. These tri-
angles are attached to each other by common wire, and,
if the distance is great, stations with rocker arms are
provided to carry the wires. When triangles are used to
connect 4 windmill to a pump the wires are often crossed
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in order that the up stroke of the pump will be made with
the up stroke of the windmill.

55. Gearing.—Spur gears are wheels with the teeth
or cogs ranged around the outer or inner surface of the
rim in the direction of radii from the center, and their
action is that of two cylinders rolling together. To trans-
mit uniform motion, each tooth must conform to a definite
profile designed for that particular gear or set of gear
wheels. The two curves to which this profile may be
constructed are the involute and the cycloid. Gear wheels
must remain at a fixed distance from each other, or the
teeth will not mesh properly.

Fig. 24 illustrates some of the common terms used in
connection with gear wheels. Bevel gears have teeth

FIG. 24—SPUR GEARING

similar to spur gears, and their action is like that of two
cones rolling together.

The teeth of gear wheels are cast or machine cut.
Most of the gear wheels found on agricultural machines
have the teeth simply cast, as this is the cheaper method
of construction. Where smoothness of running is de-
sired, the teeth are machined in, and the form of each
tooth is more perfect, insuring smoother action. The



38 FARM MACHINERY

cream separator has machine-cut gears. Very large gear
wheels have each tooth inserted in a groove in the gear
wheel rim. Such a tooth is called a cog; hence the term
cog is often applied to all forms of the gear tooth. Cogs
may be made of metal or wood.

Like pulleys, gear wheels are spoken of as the driver
and the driven. To find the speed ratio of gear wheels,
the following rule may be used:

Rule: Revolution of driver per minute, multiplied by
the number of teeth in driver, equals the revolution of the
driven per minute, multiplied by the number of teeth in
driven.

56. Shafting.—Where several machines are to be
operated from one power unit, it is necessary to provide
shafting on which pulleys are placed. Shafting should
be supported by a hanger at least every 8 feet, and the
pulleys placed as near as possible to the hangers. Thurs-
ton gives the following formula for cold-rolled iron shaft-
ing:

P — =S8
55
when H.P. is the horse power transmitted, d is the
diameter of shaft in inches, R the revolutions per min-
ute. Steel shafting will transmit somewhat more power
than iron, and some difference may be made for the way
the power is taken from the shaft; but the above rule is
considered a safe average.

57. Friction.—It has been stated that a machine will
not deliver as much energy as it receives because a cer-
tain amount must be used to overcome friction. Friction
is the resistance met with when one surface slides over
another. Since machines are made of moving parts,
friction must be encountered continually. In the majority
of cases it is desired to keep friction to a minimum, but in
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others it is required. In the case of transmission of
power by belting it is absolutely necessary.

58. Coefficient of friction is the'ratio between the force
tending to bring two surfaces into close contact and the
force required to slide the surfaces over each other. This
force is always greater at the moment sliding begins.
Hence it is said that friction of rest is greater than sliding
friction.

The following table of coefficients of friction is given
to show the effect of lubrication (Enc. Brit.):

Woodron wood, dry.a s eIt L .., 0.25 to 0.5
R e SOTD C AR R s e fons s 2 & 0.2

Metalstontoak} idry S SEEST oyl ows 0.25 to 0.6
& SN B Nt 2 . % oy e 0.24 to 0.26
£ O Ut i S Aot T o T 0.2
e g4 et Al My SR R 0.15 to 0.2
4 £ & IWGHER L= SR N Sl 4 o L7s L) 0.3

Smooth surfaces nccasionally lubricated.... 0.07 to 0.08
- thoroughly . .... 0.03 to 0.036

NOLLER
BEARINGS

FIG. 25-—ROLLER BEARINGS AS APPLIED TO A MOWER

39. Rolling friction.——When a body is rolled over a
strface a certain amount of resistance is offered. This
resistance is termed rolling friction. Rolling friction is
due to a slight compression or indentation of the surfaces
under the load, hence is much less with hard surfaces



40 FARM MACHINERY

than with soft. Rolling friction is that met with in ball
and roller bearings, and is much less than sliding friction.
Roller bearings reduce: friction greatly. Ball bearings
may be used advantageously when end thrust is to be
overcome or where they can be used in pairs. They are
not suitable for carrying heavy loads.

60. Lubrication.—The object of lubrication is to reduce
friction to a minimum. A small quantity of oil is placed
in a box and a thin film adheres both to the surface of
the journal and also to the bearing, so in reality- the
friction takes place between liquid surfaces. The lubri-
cant also fills the unevenness of the surfaces, so that there
is no interlocking of the particles that compose them.
‘Friction with a lubricant varies greatly with the quality
of lubricant and the temperature.

61. Choice of lubricant.—For heavy pressures the lubri-
cant should be thick so as to resist being squeezed out
under the load, while for light pressures thin oil should
be used so that its viscosity will not add to the friction.
Thus, for a wagon, heavy grease should be used, while
for a cream separator of high speed a thin oil is necessary.
Temperature must also be taken into account in choosing
a lubricant.

Solid substances in a finely divided state, such as mica
and graphite, are used to reduce friction. The practice
seems to be a very good one. This is especially true with
graphite in bearings that can be oiled only occasionally,
as the bearings of a windmill.

62. Bearings should be of sufficient size that the lubri-
cant will not be squeezed out from between the journal
and the bearing. In the design of machinery a certain
pressure limit must not be exceeded. -It is better to have
the journal and bearing made out of different materials,
as the friction in this case is less and there is a less ten-
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dency for the surfaces to abrade. Brass, bronze, and
babbit are used for bearings with a steel journal. It is
highly essential that the bearing be kept free from all
dirt and grit. Occasionally it is better to let some minor
bearings go entirely without lubrication, for the oil only

FIG. 26—A SELF-OILING AND SELF-ALIGNING BEARING. OFTEN THE OIL
RESERVOIR BELOW THE RINGS IS ENLARGED AND THE
WICK DISPENSED WITH

causes the gathering of grit and sand to grind out the
bearing. 5

63. Heating of boxes may be due to (1) insufficient
lubrication, (2) dirt or grit, (3) the cap may be screwed
down too tight, (4) the box may be out of line and the
shaft may bind, (5) the collar or the pulley bears too
hard on the end, or (6) the belt may be too tight.

Self-oiling boxes are very desirable where they can be
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used, as they have a supply of oil which is carried up to
the top of the shaft by a chain or ring. It is necessary
to replenish the supply of oil only at rather long inter-
vals.

64. Electrical transmission.*—Power may be trans-
mitted by converting mechanical energy into electrical
energy by the dynamo, and after transmission to a dis-
tance be converted into mechanical energy again by the
electric motor. This form of transmission has many ad-
vantages where the electric current is obtained from a
large central station, and no doubt will be an important
form of transmission to the farmer of the future, as
electric systems are spread over the country for various

purposes.
*See Chapter XXII., Part II.



CHAPTER II1
MATERIALS AND THE STRENGTH OF MATERIALS

A knowledge of the materials used in the construction
of farm machinery and the strength of these materials
will be helpful in the study of farm machinery.

65. Wood.—At one time farm machinery was con-
structed almost entirely with wooden framework, but
owing to the increase in the cost of timber and the re-
duction in the cost of iron and steel, it has been super-
seded largely by the latter. Progress in the art of work-
ing iron and steel, making it more desirable for many
purposes, has also been a factor in bringing about the sub-
stitution of iron and steel for wood. The woods chiefly
used in the construction of farm machinery are hickory,
oak, ash, maple. beech, poplar, and pine. It is not possi-
ble to discuss to any length the properties of these woods.
The wood used in the construction of machinery must be
of the very best, for there is no use to which wood may
be put where the service is more exacting or severe.
Wood used in farm machinery must be heartwood and
cut from matured trees. It should be dry and well sea-
soned, and protected by paint or some other protective
coating. Moisture causes wood to swell, and for this
reason it is difficult to keep joints made of iron and wood
tight, for the iron will not shrink with the wood.

Excessive moisture in wood greatly reduces its
strength, and wood subjected to alternate dryings and
wettings is sure to check and crack. Wood is especially
well adapted to parts subject to shocks and vibrations, as
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the pitman of a mower. Iron, and especially steel, when
subjected to shocks tends to become crystallized. This
reduces its strength very much.

66. Cast iron is used for the larger castings and most
of the gears used in farm machines. At one time cast iron
was used to a larger extent than at the present time, as
it is being superseded by stronger but more expensive
materials. Cast iron is of a crystalline structure and can-
oy TP .
not be forged or have its shape changed in any other way
than by the cutting away of certain portions with
machine tools. Cast iron has a high carbon content, but™
the carbon is held much as a mechanical mixture rather
than in a chemical combination.

67. Gray iron is the name applied to the softer and
tougher grade of cast iron, which is easily worked by
tools; and white iron to a very hard and brittle grade.
White iron is used.for pieces where there are no changes
to be made after casting.

68. Chilled iron.—When it is desired to_have a very
hard surface to a casting, as the face of a plow, the in-
side of a wheel box, of other surfaces subjected to great
wear, the iron is chilled when cast by having the molten
iron_come in contact with a portion of the mold made
up of heavy iron, whici_lﬁpidly absorbs the heat. Chillgd
iron is exceedingly hard.

69. Malleable iron 1s cast iron which has been annealed
and perhaps deprived of some of its carbon, changing it
from a hard, brittle material to a soft, tough, and some-
what ductile metal. The process of decarbonation usually
. consists in packing castings with some decarbonizing
agent, as oxide of iron, and baking in a furnace at a high
temperature for some time. Malleable iron is much
more expensive and more reliable than common cast
iron.
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70. Cast steel.—The term cast steel, as usually applied
to the material used in the construction of gears, etc., is
\cast iron which has been deprived of some of its carbon

before being cast.

71, essemer steel.—It is from this material
that agricultural machinery is largely constructed. The
hardness and stiffness of Bessemer steel varies and de-
pends largely upon the carbon content. Steel with a high
per cent of carbon (0.17 per cent) is spoken of as a high-
carbon steel, and steel with a low per cent (0.09 per cent)
low-carbon steel. Bessemer stecl is difficult to weld.

72. Wrought iron.—Wrought iron is nearly pure iron,
and is not as strong nor as stiff as mild steel, but can be
welded with greater ease. :

73. Tool steel is a high-carbon steel made by carbon-
izing wrought iron, and owing to the carbon content may
be hardened by heating and suddenly cooling. Tool steel
is used for all places where cutting edges are needed.

SOFY STeEL 7/
Ll b

ez
R

FIG. 27—DRAWING ILLUSTRATING THE CONSTRUCTION OF SOFT-CENTER
STEEL

74. Soft-center steel, used in tillage machinery, is made
up of a layer of soft steel with a layer of high-carbon
steel on each side. The high-carbon steel may be made
glass hard, yet the soft center will support the surface
and prevent breakage. In making soft-center steel, a slab
of high-carbon steel is welded to each side of a soft steel
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slab and the whole rolled into plates (Fig. 27). A soft-
center steel may be made by carbonizing a plate of mild
steel by a process much the reverse of malleable making.

STRENGTH OF MATERIALS

All materials used in construction resist a stress or a
force tending to change their form. Stresses act in three
ways: (1) tension, tending to stretch; (2) compression,
tending to shorten; and (3) shear, tending to slide one
portion over another. »

75. Tension.—Material subjected to a stress tending to
stretch it, as a rope supporting a weight, is said to be
under tension, and the stress to the square inch of the
cross section required to break it is its tensile strength.

76. Compression. — Material is under compression
where the stress tends to crush it. The stress to the
square inch required to crush a material is its compressive
strength.

77. Shear.—The shearing strength of a material is the
resistance to the square inch of cross section required to
slide one portion of the material over the other.

78. Transverse strength of materials.—When a beam
is supported rigidly at one end and loaded at the other,
as in Fig. 28, the material of the under side of the beam
is under a compressive stress, and that of the upper part
is subjected to a tensile stress. The property of materials
to resist such stresses is termed their transverse strength.

79. Maximum bending moment (B.M.) is a measure
of the stress tending to produce rupture in a beam, and
for a cantilever beam (i. e., one supported rigidly at one
end, Fig. 28) is equal to the load times the length of the
beam (W X L). The maximum bending moment de-
pends upon the way a beam is loaded and supported;
thus with a simple beam loaded at the center and sup-
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ported at both ends the bending moment is one-half the
weight one-half times the length.

The maximum bending moment for the cantilever
beam of Fig. 28 is at the point where it is supported. If
the beam be of a uniform cross section, it will rupture at
this point before it will at any other. The bending

// I l I I ' TENSION
% L
0 T
\ ] auploom‘ I COMPRESSION
[

FIG. 28—A CANTILEVER BEAM

moment in the beam at hand grows less as the distance
from the weight becomes less. As the bending moment
becomes less, less material is needed to resist it, and
hence a beam may be designed of such a section as to
be of equal strength at all points, or it is what is called
a beam of uniform strength.

Much material may be saved by placing it where most.
needed. The location as well as the value of the maxi-
mum bending moment depends upon the way the beam is

loaded.

* _ 80. Modulus of rupture (M.R.).—It is seldom that a
material has a tensile strength equal to its strength to
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tesist compression, so neither of these may be used for
transverse stresses. The modulus of rupture is a measure
of the transverse stresses necessary to produce rupture

FIG. 20—BEAMS OF UNIFORM STRENGTH

and is determined experimentally. It is usually a quan-
tity lying between the compressive and tensile strengths
of the material.

81. Section modulus (S.M.) is the quantity represent-
ing the ability of the beam to resist transverse stresses.
It has been noticed by all that a plank will support a
greater load on the edge than on the flat. For a rectan-
gular cross section, Fig. 30, if A = depth in inches and
b = breadth in inches, the section modulus is

7]
6 ’

that is, the strength of a rectangular beam is propor-
t.onal to its breadth and to the square of its depth.
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When a beam is loaded to its limit, bending moment =
section modulus X modulus of rupture.

This is a general equation which applies to all beams.

82. Factor of safety.—In the design of machinery it is
customary to make the parts several times as strong as
would be needed to carry normal loads. The number
of times a piece is made stronger than necessary simply
to carry the load is called the factor of safety, and in
farm machine design it varies from 3 to 12.

For a more complete discussion of this subject see any
work on mechanics of materials.

AVERAGE STRENGTH OF MATERIAL PER SQUARE INCH

2 Tensile Compressive | Modulus of

Material Strength Strength Rupture
Hickory......... SRR A 9,000 15,000
R E o0 o ROt N R 8,500 13,000
‘White pine....... 5 40 G Eots 8 5,400 7,900
pletlowipine, &. 0. N ol ol e 8,000 10,000
O R POV h0s ¢ lashs oo e e - alh 18,000 80,000 45,000
) 0 o S St oo 60.000 52,000 55,000
MiEoughtiiron ) St 50,000 48,000 48,000

Values for the strength of timber were obtained from
U. S. Forestry Circular No. 15. If the load or stress be
continued for a long time the ultimate strength of timber
will be only about one-half the above and for this reason
much lower values are often given in architects’ hand-
books.

For a more complete table see any engineers’ hand-
book *

*“Architects’ and Builders’ Pocket-Book.” By F. E. Kidder.
“Materials of Construction.” By J. B. Johnson.

.
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Problem: Find the safe load on an oak doubletree 4
feet long, 4 inches wide, 2 inches thick. Factor of
safety = 6.

Let L —length in inches, W/ =load in pounds, b = thickness,
d = width in inches.
Bending moment =YWL =141V 48 = 12I¥.

Section modulus = bg = —2>2—(4)-——— =15.333.

Modulus of rupture for oak =13,
Sect. Mod. X Mod of Rupt.

Factor of Safety

Bending moment =
12ty = £333 X 15000

W =963 pounds. (Ans.)



CHAPTER IV

TILLAGE MACHINERY

83. Object of tillage.—Agricultural implements and
machines used in preparing the soil for the seeding or
growth of crops may be classed as tillage machinery.
Tillage is the art which includes all of the operations
and practices involved in fitting the soil for any crop,
and the caring for it during its growth to maturity.

Tillage is practiced to secure the largest returns from
the soil in the way of crops. Its objects have been enu-
merated in other works about as follows:

(1) To produce in a field a uniform texture to such a
depth as will render the most plant food available.

(2) To add to the humus of the soil by covering be-
neath the surface to such a depth as not to hinder further
cultivation, green crops and other vegetable matter.

(3) To destroy and prevent the growth of weeds,
which would tend to rob the crops of food and moisture.

(4) To modify the condition of the soil in such a way
as to regulate the amount of moisture retained and the
temperature of the soil.

(5) To provide such a condition of the soil as to pre-
vent excessive action of the rains by washing and the
wind by drifting.

At the present time practically all of the various opera-
tions of tillage are carried on by aid of machinery, and
for this reason tillage machinery is of greatest impor-
tance in modern farming operations. Modern tillage
machinery has enabled the various objects as set forth to
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be realized, thus not only increasing the yield an acre, but
at the same time permitting a larger area to be tilled.

THE PLOW

84. The development of the plow.—The basic tillage operation
is that of plowing, and for this reason the plow will be consid-
ered first. Some of the oldest races have left sculptural records
on their monuments describing their plows. From the time of
these early records civilization and the plow have developed in
an equal proportion. The first plow was simply a form of hoe
made from a crooked stick of the proper shape to penetrate and
loosen the soil as it was drawn along. The power to draw the
plow was furnished by man, but later, as animals were trained
for draft and burden, animal power was substituted and the plow
was enlarged.

The records of the ancient Egyptians illustrate such a plow.
At an early time the point of the plow was shod with iron, for
it is recorded that about 1,100 years B.C. the Israelites, who were
not skilled in the working of iron, “went down to the Philistines
to sharpen every man his share and his coulter.” In the
“Georgics,” Virgil describes a Roman plow as being made
of two pieces of wood meeting at an acute angle and plated
with iron.

During the middle ages there was but little improvement over
the crude Roman plow as described by Virgil. The first people
to improve the Roman model were the Dutch, who found that

more perfect plow was needed to do satisfactory work in their
soil. The early Dutch plow seems to have most of the funda-
mental ideas of the modern plow in that it was made with a
curved moldboard, and was provided with a beam and two
handles. The Dutch plow was imported into Yorkshire, Eng-
land, as early as 1730, and served as a model for the early
English plows. P. P. Howard was one whose name may be
mentioned among those instrumental in the development of the
early English plow. Howard established a factory, which re-
mains to this day.

James Small, of Scotland, was another who did much toward
the improvement of the plow. Small’s plow was designed to turn
the furrows smoothly and to operate with little drafl.
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Robert Ransome, of Ipswich, England, in 1785 constructed
a plow with the share of cast iron. In 1803 Ransome succeeded
in chilling his plows, making them very hard and durable. The
plows of Howard and Ransome were provided with a bridle
or clevis for regulating the width and depth of the furrow. These
plows were exhibited and won prizes at the London and the
Paris-expositions of 1851 and 1855.

85. American development.—Before the Revolutionary War
the plows used in America were much like the English and
Scotch plows of that period. Conditions were not favorable to
the development of new machinery or tools. The plow used
during the later colonial period was made by the village car-
penter and ironed by the village smith with strips of iron. The
bean, standardﬂi_aﬁles, and moldboard were made of wood, and
only the cutting edge and strips for the moldboard were made
of iron.

Among those in America who first gave thought to the im-
provement of the plow was Thomas Jefferson. While represent-
ing the United States in France he wrote: “Oxen plow here
with collars and harness. The awkward figure of the moldboard
leads one to consider what should be its form.” Later he
specified the shape of the plow by stating: “The offices of the
moldboard are to receive the sod after the share has cut it, to
raise it gradually, and to reverse it. The fore end of it should
be as wide as the furrow, and of a length suited to the construc-

tiop-of the plow.”

1 aniel Webster is another prominent American who, history ;

relates, was interested in the development of the plow. He

designed a very large and cumbersome plow for use upon his
’__————-‘_\

FIG. 31—WEBSTER'S PLOW
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farm at Marshfield, Massachusetts. It was over 12 feet long,
turned a furrow 18 inches wide and 12 inches or more deep,
and required several men and yoke of oxen to operate it.

\d:rles Newbold, of Burlington, New Jersey, secured the first
letters patent on a plow in 1797. Newbold’s plow differed from
others in that it was made almost entirely of iron. It is stated

FIG. 32—THE NEWBOLD PLOW

that the farmers of the time rejected the plow upon the theory
that so much iron drawn through the_soil poisoned it, and not
only retarded the growth of plants, but stimulated the growth
of weeds.

m Wood gave the American plow its proper shape. The
moldboard was given such a curvature as to turn the furrow
evenly and to distribute the wear well. Although Wood’s plow
was a model for others which followed, he was unrewarded for
his work, and finally died in want. William H. Seward, former
Secretary of State, said of him: “No man has benefited his
country pecuniarily more than Jethro Wood, and no man has
been as inadequately rewarded.”

86. The steel plow.—As farming moved farther west the early
settlers found a new problem in the tough sods of the prairie
States. A special plow with a very long, sloping moldboard
was found to be necessary in order to reduce friction and to turn
the sod over smoothly. Owing to the firmness of the sod. it
was found that curved rods might be substituted for the mold-
board. Later when the sod became reduced it was found that
the wooden and cast-iron plows used in the eastern portion of
the country would not scour well. This difficulty led to the
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use of s Steel, having the prop-

erty of taking an excellent polish, permitted the sticky soils_to

pass_over a moldboard made of 1@“{?‘%5&%‘0{5@ materijals,
falled :

In anutWe made a plow from steel cut from

an old saw. Three strips of steel were used for the moldboard

\ and one for tﬁe sHare, all of whichfﬂcm_fastcned_g_q_a “shin”’

or_frame of iron. John Lane secured in 1863 a patent on soft-
center steel, which is used almost umversally at the present time
in mrage‘mg‘“ It was found that ade
of steel were Fr:ttle and warped badly during tempering. Weld-

the iron supported the steel Weéll"when hardened it warped very

badly. The sgj; center steel, which was formed i by welding a

heavy bar of iro fs rolling_all
. = =
own into plates, perinitted the steel to ardened without

warping. It is very strong on account of the iron center, which
w”ﬁ not become brittle.

n 1837 John Deere, at Grand Detour, Illinois, builf_a_steel

low mh_was _much_similar_to .Lane’s first

%;5. In Isizﬁgggwxﬁd.m_Mohnﬂ Tlinois, and established

a factory which still bears his name. William Parlin established

a factory about the same time at Canton, which is also one of
the largest in the country.

FIG. 33—THE MODERN STEFL WALKING PLOW WITH STEEL BEAM ANTD
MOLD-BOARD FOR STUBBLE OR OLD GROUND

|
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)

87. The sulky ‘or wheel plow.—The development of the sulky

a2

'y invented the first successful sulk plow, i. e.,, one permlttlr_l_g the_

A operator to ride, February 9, 1 5@_6__ Arolling coulter and a three-
%wrse evener were added to this by Robert Newton, of Jersey-
ville, Illinois. But E. Goldswait had patented 1_fore carriage
in 1851 and M, Furley a sulky plow with one_ base December 9,
ABs6. Much credit for the early development “of the sulky plow
uﬁs due tq Gilpin _Moore, receiving a patent January 19, 1875 and
W. L. Cassady, to whom a patent was granted May 2, _1_82§
Cassady first used a wheel for a landside. Too much space
would be required to mention the many inventions and improve-

ments which have been added to the sulky plow.

h
D%

FIG. 34—AN UNDER VIEW OF THE MODERN STEEL PLOW, SHOWING IT‘S
CONSTRUCTION .

88. The modern steel walking plow.—Fig. 34 shows
the modern steel walking plow suitable for the prairie
soils. The parts are numbered in the illustration as
follows:

1. Cutting edge or share. The point is the part of the
share which penetrates the ground, and the heel or wing
is the outside corner. A share welded to the landside is
a bar share, while one that is independent is a slip share.

2. Moldboard: The part by which the furrow is turned.
The shin is the lower forward corner.

3. Landside: The part receiving the side pressure pro-
duced when the furrow is turned. A plate of steel covers
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the landside bar, furnishing the wearing surface. When
used for old ground, the plow is usually constructed with
the bar welded to the frog, forming the foundation to
which the other parts are attached. Landsides may be
classed as high, medium, and low.

s

L N

FIG. 35—STEEL PLOWSHARES. FIG. 36—THE FORM OF THE
THE UPPER IS THE SLIP HIGH, MEDIUM, AND LOW
SHARE, AND THE LOWER THE LANDSIDES FOR WALKING
BAR SHARE PLOWS

4. Frog: The foundation to which are attached the
share, moldboard, and landside.

5. Brace.

6. Beam: May be of wood or steel. The beam in a
wooden-beam plow is joined to the plow by a beam
standard.

7. Clevis, or hitch for the adjustment of the plow.

8. Handles: The handles are joined to the beam by
braces.

9. Coulter: Classified as rolling, fin, or knife coulters.

89. Material —While in the cheaper plows the mold-
board and share may be of Bessemer or a grade of cast
steel, in the best plows these and also the landside are
usually made of soft-center steel or chilled iron. The
beam is usually of Bessemer steel, while the frog may be
of forged steel, malleable iron, or cast iron.
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9o. Reénforcements.—A patch of steel is usually welded
upon the shin, the point of the share, and the heel of the
landside. These parts are also made interchangeable so
new parts may be substituted when worn.

g1. Size.-—Walking plows are made to cut furrows

FIG. 37—ROLLING CASTER AND ROLLING STATIONARY COULTERS, FIN
HANGING, KNEE, DOUBLE ENDER, AND KNIFE CUTTERS OR COULTERS

from 8 to 18 inches. A plow cutting a 14-inch furrow is
considered a two-horse, and one cutting a 16- or an 18-
inch furrow a three-horse plow.

92. The modern sulky plow.—The name sulky plow is
used for all wheel plows, but applies more particularly to
single plows, while the name gang is given to double or
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larger plows. Fig. 38 illustrates the typical sulky plow,
and reference is made to its various parts by number:

1. The moldboard, share, frog or frame, and landside
is called the plow bottom. Most sulky plows are made
with interchangeable bottoms, so it is possible to use the
same carriage for various classes of work by using suit-
able bottoms. ;

2 and 3 are the rear and the front furrow wheels, re-
spectively. ‘These wheels are set at an angle with the

FIG. 38—-THE MODERN FOOT-LIFT BEAM-HITCH SULKY PLOW WITH STEEL
PLOW BOTTOM

vertical in order that they may carry to better advantage
the side pressure of the plow due to turning the furrow
slice.

4. The largest wheel traveling upon the unplowed land
is spoken of as the land wheel.

5. The connections between the plow beam and the
frame are called the bails.
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6. A rod called the weed hook is provided to collect the
tops of high vegetation.

7. Practically all wheel plows are now provided with
inclosed wheel boxes, which exclude all dirt and carry a
large supply of grease. The inclosed wheel box has a
collar which excludes the dirt at the axle end of the wheel
box, and has the other end entirely inclosed with a cap.
The grease is usually stored in the cap, which is made
detachable from the hub.

8. Wheel plows are now generally provided with a
foot lift, by which the plow is lifted out and forced into
the ground.

9. For plowing in stony ground, it is necessary to set
the plow to float, so that in case a stone is struck the
plow will be free to be thrown out of the ground without
lifting the carriage, otherwise the plowman will be
thrown from his seat and the plow damaged.

10. The various parts of the sulky plow are usually
attached to the frame, and this is an important part in
the construction of the plow. Not all sulky plows, how-
ever, are made with a frame.

93. Types of sulky plows.—Sulky plows differ much in
construction.. The two-w}_le_el plow is not used exten-
sively at the present time fime because it does not carry the
side pressure of the plow well and does not turn a gooa’"
square corner, One type of constriction is that of a
frame with wheels attached by means of brackets, making
a carriage. To this carriage the plow proper is attached
by bails. The hitch to frame plows may be to either the
frame or to the plow beam. The former is known as a
frame hitch and the latter as a beam hitch. There are
good plows upon the market with a frame hitch, but the
beam hitch plow seems to be preferred.

A cheaper type of plow than the frame plow is the
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frameless, with the wheel brackets bolted directly to the
plow.beam. Such plows will often do very satisfactory
work, but are not quite so handy. Frame plows are gen-
erally high-lift plows in that the plow may be lifted sev-
eral inches above the plane of the carriage. A high-lift
plow offers an advantage for cleaning and transporting
from field to field.

With the_cheaper plows there is no attempt to guide
or steer the plow other than let it follow the team. Such
plows may be classed as ton s. A tongueless plow
may, however, be provided with a_h lever either to
s%ift the hitch or guide the front furrow wheel. Such a
plow may be called a hand-guided plow, and the lever for
guiding or adjusting is called the landing lever.

There is still another type of frameless plow wh ch is
guided by the hitch. Tn the hitch-guided plow the {ront

FIG. 30—THE MODERN GANG PLOW
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furrow wheel or the front and rear furrow wheels are
steered by a connection to the plow clevis. A tongue
may be used with this type - of p plow to keep the team
straight and to hold the plow back from off the horses’
heels while being transported.

The higher class sulky plows are guided with an ad-
justable tongue, the tongue being connected to the front
and rear furrow wheels.

Sulky plows are usually fitted with a 14-, 16-, or 18-inch
plow bottom, the 16-inch being the common size.

94. Gang plows==Nearly every sulky plow upon the
market has its mate among the gang plows, which, as
stated before, do not differ greatly from it, only in that
they have two or more plow bottoms instead of one.
Gang plows usmhave a hand Tever fo assist _Ehg_foot«
lift in ralsmg and lowering the plow. The common sizes

B 3

of gang-plow bottoms are 12- and 14-inch.

FIG. 40—TYPES OF PLOW BOTTOMS. NO. I IS THE STUBBLE OR OLD GROUND
BOTTOM. NO. 7 IS THE BREAKER BOTTOM FOR TOUGH NATIVE
SODS. NOS. 2, 3, 4, 5, AND 6 ARE INTERMEDIATE
TYPES FOR GENERAL PURPOSE PLOWS
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95. Types of plows’ bottoms.—The plow bottom, as
stated before, is the plow proper, detached from the beam
or standard. Owing to the varying conditions under
V\md is to be plowed, a few general types, each
with its own form of moldboard and share, have been
established. These forms are illustrated in_Fig. 40, and
vary from No. 7, the breaker, with its long slopi hare

\/énd *noldboard for natural sods, to No. 1, the stubble
plow w1th short abrupt moldboard for old ground The

FIG. 4I—A STEEL WALKING PLOW WITH INTERCHANGEABLE MOLDBOARDS,
BY WHICH IT MAY BE MADE INTO A BREAKER OR STUBBLE PLOW

intermediate forms are given the name of turf and
stubble, or general purpose, plows, being used for the sod
of the cultivated grasses or for stubble ground. The
breaker is suitable for the native Sods of the Western
prairies, as it turns the furrows very smoothly and covers
the vegetation completely, that it may decay quickly.
The abrupt curvature of the moldboard in_the stubble
bottom causes the furrow slice to be broken and crumbled
1m<71?g‘mﬁarp turn, and thus has a more pulver-
izing action and is designed for old ground. The general
purpose plow is designed for the lighter sods, such as
those of the tame grasses. NG




64 FARM MACHINERY

Some manufacturers make plows with interchangeable
moldboards, and sulky plows are qsually built with inter-
changeable bottoms, so the plow or carriage may be used™
for a variety of soils.

96. The jointer.—The jointer is used in soils inclined
to be soddy. It enables the plow to do cleaner work and
cover all vegetation, throwing a ribbon-like strip of turf
into the furrow. It will often render excellent service

FIG. 42—TYPES OF JOINTERS. THE TWO AT THE LEFT ARE MADE OF
STEEL ; THE ONE AT THE RIGHT IS A CHILLED IRON JOINTER
WITH AN ADJUSTABLE SHANK

where sod ground is to be plowed deep and left in shape
for immediate pulverizing to fit it for crops. It will cut
out a section of the sod, turning it into the bottom of the
furrow, where it will be completely covered, and at the
same time leave the upper edge of the furrow slice com-
posed only of comparatively loose earth. By cutting out
the corner of the furrow slice, the furrows will be com-
pletely inverted, leaving the surface smooth. If the fur-
row slice is perfectly rectangular, the furrows are inclined
to pile or lap over each other.



TILLAGE MACHINERY 65

97. The chilled plow.—In many places, especially in
the eastern United States, many of the plows used are of

chilled cast iron. A chilled plow with an interchangeable
N

FIG. 43—A MODERN CHILLED WALKING PLOW WITH JOINTER AND GAUGE
WHEEL

point is shown in Fig. 43. Chilled plows are very hard,
but will not scour in all soils. The share can only be
ground to an edge when dull, or it may be replaced at a
small cost.

98. The hillside plow.—In localities too sloping to
throw the furrow uphill, hillside or reversible plows are

FIG. 44—A REVERSIBLE OR HILL®iDE PLOW WITH KNIFE COULTER

used. A plow which may be made a right- or left-hand
plow by turning it under on a hinge to the standard is
shown in Fig. 44. In irrigated districts where dead fur-
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rows interfere with the carrying of water upon the land,
reversible plows are used. These are of many forms, but
the type will not be further discussed.

99. The subsoil plow.—Where it is desirable to loosen
the ground to a greater depth than can be done with a
sy_r_fg_c_g_p_l_gw, the subsoil plow is used. It is used with

FIG. 45—A SUBSOIL PLOW FOR LOOSENING THE SOIL IN THE BOTTOM OF
THE FURROW MADE BY THE COMMON PLOW

the regular plow, following in the furrow made by it.
Opinions in regard to the value of this plow differ, but
the subject will not be discussed here.
' 100. The disk plow.—The disk plow is the result of an
Wﬁort on the part of inventors to reduce the draft due to
he sliding friction upon the moldmgs'ﬂg and 47
show the modern disk plow made Tor horse and engine
power, respectively. A plow consisting of three disks
cuttmg very narrow strips was about the first one pat-
ented, M. A. and I N. Cravath, of Bloommgtog__g_l_;_r_lp_gs
eing its inventors. Ugger certain conditions, it is said,
this_plow did_very satlsfactory work, “but the side
pressure was not suﬂic1ently provided for. M. F. Han-
cock succeeded in introducing the disk plow 1ntq>’1_qcfg_111jgl‘§_s

B B
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\~"where conditions were well adapted to its use, and be-

came prominent as a promoter of the disk plow.

FIG. 46—A DISK GANG PLOW TO BE OPERATED BY HORSE POWER

The draft of the disk plow is often heavier in_propor-
tion to the amount of work done, and the plow itself is

e —

FIG. 47—AN ENGINE DISK GANG PLOW TURNING 8—, I10-, OR I2-INCH
FURROWS
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more clumsy than the moldboard plow; so where the
latter will do good work there is *Qwa,d*g.gt“a&il&n usmg
the former. In stlckx 50115, however or i

ground where it is impossible to use the moldboard plow,
the disk will often be found to do good work, and in the
latter case with much less draft. The moldboard plow
is rec/mended by the mangfgf_tgrers of both ylows
where it will do good work ey

Disk plows have been made in the walking style within
the past few years, but have proved rather unsatlsfacu
A few of this style are suitable for hillside and_irriga-
tlon plows, being made reversible.

‘101. The steam plow.—Where steam power is used for
other purposes, or where farming is carried on exten-
sively, steam may be used at a saving over horse power
in plowing. This has been attempted for many years, but
it has only recently become very successful, and even
now the steam plow is used o__‘x on large farms and on
level land. If the soil is not ﬁmL the great welgbt causes
the traction "ﬁ-eels of the engme to s‘wk _into the _ground

unt11 the plow_ cannot be pu llled i
The modern ste cam Blow, dlrect connected ‘(ered from

o
Vthe rear, and Tlavms a steam lift, is a very successful

7

machine. Its advantages are its capacity and unlimited .
power for_deep plowing. The cost of plowing with a
steam plow varies with the cost of fuel and other condi-
tions, but it should be from 75 cents to $1.50 an acre.
Outfits capable of plowing and at the same time pre-
paring the seed bed and seeding 40 to 50 acres in a day
are now in use.

A type of steam plow which has been successful in
Europe is operated by a system of cables. The plow is
drawn back and forth across the field by means of the
cable, the engine being placed at one end of the field.
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The steam plow may, in some cases, in certain soils,
be the means of producing an increase of yield of crops,
by plowmU to a greater depth than could be done by
horse power.

102. The set of walking plows.—The original set of a
plow, or the proper adjustment of of its point, share, and
beam, is given by the maker. Tich time when the plow
is gharpened the smith is depended upon to return this
set to the plow.

e T P . .

103. Suction.—The suction of a plow is usually meas-
ured as the width of the opening betwee dside
and a straight edge laid upon it when the plow is bottom
sideup. Itis usually about 14 inch, but may vary slightly

FIG. 48—THE SUCTION OF WALKING PLOWS SOMEWHAT EXAGGERATED

without detriment to the plow. It may also be described
as the amount the point is turned down to secure pene-
tration.

The point of the share is also turned slightly outward,
which makes the line of the landside somewhat concave.
The beam of a three-horse plow is in a line with the land-
side, but in a two-horse plow it is placed a little to the
furrow side of the line of the landside, usually about 3
inches, in order that the hitch may be more directly
behind the team. For ordinary plows the point of the
beam stands 14 inches high, but it is higher for hard soils.
Some bearing must be given at the heel of the share in
walking plows, to carry the downward pressure of the
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furrow. One inch width of bearing surface for 12- and 14-
inch plows and 14 inches for 16-inch plows is the average
width of this bearing, more being needed for soft, mellow
soils than for firm soils. This fact necessitates a change
in the plow in changing from hard to mellow soils, as a
share set for a hard soil will swing to one side or work
poorly in the mellow soil. A handy device called a heel
plate is sometimes used to vary the width of surface at
the heel.

104. The set of sulky plows.—With the sulky plow,
when the share lies on a flat surface, the distance from

the heel of the landside to the surface is called the suction.
——————————————" - o

FIG. 40—THE BEARING SURFACE REQUIRED AT THE WING OF THE SHARE

In sulky and gang plows this is usually % inch. The
entire downward 1 pressure or suction should be carried
upon the wheels or carriage, which, with their well lubri-
cated bearings, will reduce the draft and require no bear-
ing surface at the wing of the share. In order to reduce
the friction by removing the pressure from the landside,
the rear furrow wheel is set outside the line of the land-
side, usually about 124 inches.

105. Set of coulter.—The rolling coulter should be set
to clear the shin of the plow by about 14 inch, and should
cut 15 inch or 34 inch outside the shin. It is said that if
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the coulter is made to cut I inch or more outside the
landside, thus increasing the load upon the plow, it can
be made to scour when giving difficulty in this respect.
When plowing among roots the plow is enabled to run
over rather than underneath large roots by inclining the
knife coulter backward with its point below the point of
the plow; otherwise the knife coulter must be set with
the lower point well ahead.

106. Scouring.—Some soils are of such a nature that
a plow can be made to scour only with difficulty. This
is true especially of soils in the Middle West. In other
localities plows give little trouble in this respect. When
the plow is at fault, poor scouring may be due (1) to poor
temper. In this case the share and moldboard are not

Wp;d enough to take a good P_..llih “and hence will not

.7 scour well. These parts should be so hard that they can
barely be scratched with a file. (2) To poor grinding.
Sometimes hollows have been ground into the moldboard,
over which the furrow slice presses so lightly that not
enough pressure is given to cause the spot to scour. This
may readily be tested by carrying the tips of the fingers up
the plow quickly, from the edge of the share in the direc-
tion the soil moves. (3) To a poor fitting, i. e., where the
joint between the share and moldboard is not smooth.
A remedy for this is procured by shimmering the share
up or down with small pieces of pasteboard. (4) To the
edge of the share not being level, making a low spot back
of the edge. This is usually caused by a warped share.
(5) To poor setting. The plow must be set as previously
described.

107. Sharpening steel shares.—It is recommended by
some manufacturers that until necessary only the ex-
treme point of a share be heated to put into form, the
edge being sharpened by grinding; but when necessary
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to heat and draw to an edge by hammering, they recom-
mend the following procedure:

The point should be heated to a low cherry red. If the
heat is too intense, the quality of the steel will be injured.
Only as much should be heated at once as can be ham-
mered. The body of the share must be kept cool and
strong so the fitting edges may not be disturbed. After
this, the entire cutting edge should be cold hammered.
The share should then be set on a level platform, leaving
1/16 inch under the middle piece to give proper suction
or pitch. The edge must touch all the way along, and
the proper bearing must be given at the wing.

108. Hardening plowshares.—A hardened share will
retain its cutting edge much longer than a soft share. It
is highly advisable, after each time the edge is drawn out
by heating and hammering, that the share be hardened.
Some soils require hardened steel shares in order that
they may retain their scouring qualities. Several reliable
manufacturers give directions for sharpening and harden-
ing shares made of soft-center steel about as follows:
Sharpening : The whole point should be heated to a very low
\{ed heat, then the face of the share must be turned down-
ward with the heel over the fire and the point about
2 inches higher than the heel. In this way the whole
length of the share will be heated almost in one heat,
as the fire will be drawn along from the heel toward the
point. 'An uneven heat will warp and crack the share.
When a moderate heat has been reached it must be re-
moved, and it will be noticed if the share is sprung up
along the edge. This must be set right, and the following
methods may be used to harden:

First. The edge must be made hard and springy by
cold hammering; then the share is to be heated as de-
scribed to a low cherry red. It should be let into the
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water (holding it bottom side up) far enough to cool the
edge, then taking it out, and the color should be watched
as the heat returns to the edge. When a dark straw or
mottled purple reaches the edge, the entire share may be
cooled.

Second. If a supply of oil is at hand, the share may
be tempered with less risk of breakage. When oil is used
(linseed or lard oil will answer) the share is to be heated
as before to a low cherry heat, then lowered into the oil
till entirely cool. After this it must be held over the fire
till the temper is sufficiently drawn, which will be indi-
cated by the oil on the thin part of the share taking fire.
It may finally be cooled by immersion in cold water.

109. Draft of plows.—The nature of soils, growth of
roots, and amount of moisture present influence the draft
of plows. The shape of the moldboard also affects the
draft, the more abrupt curvature producing a more pul-
verizing action upon the furrow slice, and requiring more
work.

Professor J. W. Sanborn, of Missouri, made tests to
determine the reduction of draft due to the use of a
coulter, the results of which are as here given. The tests
were made with a plow similar to the sod or breaking
plow, and in clover sod two years old, with about as
much moisture present as would permit working the soil
advantageously. The results were as follows:

Total Draft

Size of Furrow Draft per Sq. In.
Sod plow with wheel coulter.. 3.575:: X 15.08” 296.25 3.524
“  without R e D A ST A5 343.75 4.453

DI SHENEC A An T o LI oot 4% o34 T de oo s 47.50 .929

The coulter resulted in better work and diminished
the draft 20.86 per cent. A later series of observations



74 FARM MACHINERY

was made on clover sod, the plow being provided with a
wheel coulter, the soil being drier than before. The fol-
lowing results were obtained:

Total Draft
Size of Furrow -Draft per Sq. In,
Clover sod without coulter. . 647" X 11. 61" 714.35 10.80
“ with & . 6.413" X 12.47" 664.82 8.616
DIffErence oy IS SR S b LT b e Xl Py s 49.53 2.184

In these tests the coulter reduced the draft 25.34 per
cent.

It is stated in the report of the trials of plows at Utica
that the total draft of a plow is divided as follows: 35 per
cent is used in overcoming the friction between the im-
plement and the soil, 55 per cent in cutting the furrow
slice, and 10 per cent in turning it. The accuracy of these
tests has been doubted by some, but the tests seem to
have been conducted with care, and they show the neces-
sity of keeping a sharp cutting edge. It is desirable that
data of this kind be obtained by tests made with
modern plows.

110. Draft of sulky plows.—It is often claimed that the
draft of sulky plows is less than that of walking plows,
owing to the friction of the sole and landsxde bexngm
ferred to the well- oiled bearmgs of the carrxage But
records show that there is no gg_l_r_x_ unless the weight of
the driver and the frame is deductea“ But there is an
ev1dentmntage in riding plows, even if the draft is
slightly greater on the team with-the plowman riding
rather than wa]kmg, and the plow_being handled with
equal facility. Though Tittle information is at hand on
the subject, what there is seems to indicate that there is
only a slight difference in the draft of walking and riding
plows, in proportion to the amount of work done.

111. The selection of a walking plow.—The best in
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quality of material and workmanship is desirable when
selecting a walking plow. It may be difficult to judge of
the material, but the workmanship can be easily deter-
mined. Beginning with the frog, the plow should be
well made and put together, and at this point a vast dif-
ference in plows may be detected. The work to be done
should determine the kind of plow to be selected, and
the type of mold-board must be suited to the soil to be
turned. While steel-beamed plows are used to better
advantage in plowing among trash, plows with wooden
beams have an advantage in being lighter and less likely
to be sprung. A wooden-beam plow, striking a rock or
root, may have the beam broken, while with a steel-beam
plow it may be dlspgrted A right-hand. plow._js one
that _turns_the furrow to the right, and a_left-hand plow
is one turning the furrow to the left. The custom estab-
lished in the locallty where it is to be used should deter-
mine the one to select, as’ one has no advantage over
the other.

112. The selection of a sulky plow.—As is the case with
the walking plow, the quality of a sulky plow will be
indicated largely by its construction and workmanship,
although its selection requires more cate than that of a
walking plow. To be brief, a well-made plow and one
easily operated as regards foot lifts and levers should be
chosen. It should turn a square corner in either direc-
tion, and all parts subject to wear should either be adjust-
able or made of generous dimensions. This applies espe-
cially to bail boxes on bail plows.

113. Adjusting the walking plow.—A few points re-
garding the operation of plows should be mentioned. A
walking plow, if working properly, should need very little
attention from the plowman, only requiring him to steady
it with the handles. If it requires a steady pull to either
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side, either the hitch or the clevis should be adjusted or
the amount of bearing given at the heel or wing is
too great or too small. It should be seen that the point
is-well turned down and never allowed to become round-
ing. If it becomes much worn, new metal must be added.
It is desirable to maintain the original amount of suction
and the distance from point of share to point of beam;
in fact, the entire form of the plow should be maintained
as nearly as possible in its original condition, providing it
worked satisfactorily when new.

As given in former data, a large proportion of the draft
is due to the cutting of the furrow. This shows the im-
portance of keeping the cutting edge sharp. It has also
been stated that if after being sharpened the share is
hardened, the cutting edge will be retained longer.

114. Adjusting the sulky plow.—The land wheel of a
three-wheel sulky or gang plow should travel directly to
the front, but often, owing to bad adjustment, it is re-
quired to slip occasionally, because it is traveling at an
angle with the direction of the plow’s motion. The rear
furrow wheel is usually given a small “lead” from the
land, i. e, it is turned out a little from the unplowed land.
This wheel should also be set an inch or so outside of
the line of the landside, in order to remove the friction
from this part as much as possible. The front furrow
wheel is given “lead” from the land with the single plow,
and toward the land when the team is hitched abreast on
gangs. This difference in the latter case is because the
line of draft is outside the line of work, and the plow is
made to travel directly to the front by the front furrow
wheel being turned in.

In any wheel plow the load should be carried as much
as possible on. the wheels in order to reduce the draft.
There should be a reduction in draft when the entire load,
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due to lifting and turning the furrow slice, is carried upon
the carriage wheels with the well-lubricated bearings,
rather than upon the sole and landside of the plow, where
all is sliding friction.

Care should be taken in hitching that the horses are not
too much crowded or spread too much, as in either case
good work cannot be done. When spread too much the
team cannot travel directly to the front so well, and the
line of draft is too far out to do good work. When
crowded, the horses are working at a disadvantage, and
the heat in warm weather will atfect them more. When
not in use, the polished surface of a plow should be pro-
tected from rust by a coat of heavy grease or “axle
grease,” and, like all other implements, it should be
protected from the weather.



CHAPTER V
TILLAGE MACHINERY (Continued)

115. The smoothing harrow.-— After plowing the
ground, it is necessary to pulverize the soil very finely
and to smooth it. The harrow is the implement used for
this purpose, and it may be used also to cover seeds, to
form a dust mulch for retaining moisture, and to kill
weeds when they are beginning to grow.

116. Development.—IFormerly the branch of a tree of
a size to suit the power, whether man or animal, was used
as a harrow. The limb chosen had small branches ex-
tending usually all to one side or the other, so as to lie
flat when in use. Even until quite recently the brush
harrow has been in use for covering seeds. An early type
of harrow consisted of a forked limb with spikes in each
arm, to which a cross arm was added later. This form
was known as the “A"” harrow. Until late in the six-
teenth century a type of harrow devised by the Romans
was the standard. This harrow was square or oblong,
having cross bars with many teeth in them.

117. Classification.—Harrows may be classified as fol-
lows:

1. Smoothing harrows.

Kinds of teeth........ Straight fixed tooth;
Square-and-round tooth;
Cultivator tooth.
Kinds of frame....... Wood frame;
Pipe frame;
Channel or U bar frame.
Adjustment of teeth..Fixed tooth;

Adjustable tooth;
Lever harrows.
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2. Spring-tooth harrows. :
3. Curved knife-tooth harrows or pulverizers.
4. Disk harrows: Full disk; cutaway; spading; orchard.

It will not be possible to illustrate all these forms of
harrows. The common smoothing harrow is not shown,

FIG. 50—A WOOD-BAR LEVER SMOOTHING HARROW., A CHEAPER HARROW
IS MADE WITH FIXED TEETH AND A WOODEN FRAME

but a lever harrow with wooden bars is shown in Fig. 50.
Wooden-frame harrows can be used to better advantage
in trashy ground when they are provided with a tooth
fastener so arranged that the teeth: will slope backward

FIG. 51—A CURVED KNIFE-TOOTH HARROW OR PULVERIZER
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when drawn from one end. Such teeth may be spoken of
as adjustable. A curved knife-tooth harrow, sometimes
spoken of as a pulverizer, is illustrated in Fig. 5s1. This

FIG. 52—A RIDING WEEDER

crushes clods and brings the soil into uniform structure
very satisfactorily. The weeder has rather long teeth
and is an excellent implement for destroying small weeds,
and also to form a dust mulch and a fine tilth. The culti-
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FIG. 53—A SPRING-TOOTH LEVER HARROW

vator tooth has the point flattened, and is curved so as
to penetrate the ground more readily. Often it is aided
in passing over obstacles by being held in place with a
spring.
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118. The spring-tooth harrow.—This harrow is illus-
trated in Fig. 53. When the tceth are caught on any ob-
stacle they spring back and are released, this fact making
it a very useful implement for stony ground. It is also
an excellent pulverizer.

119. The selection of a tooth harrow.—It is a difficult
matter to give explicit directions for selecting a harrow.
The work to be done is the first thing to be considered,
as a smoothing harrow, for instance, performs a very
different office from a pulverizer or a weeder. Next the
workmanship used in its manufacture and construction
should be well examined. At all points where there will
be much wear it should be well reénforced, and should
have the general appearance of being a well-made tool.
The connection between the sections of the evener espe-
cially should be properly reénforced, as the work of a sin-
gle season has been known to wear out these connections.
The tooth fastener is another important part in a tooth
harrow which demands the attention of the purchaser.
The tooth should have a head so that it will not drop out
and be lost in case the fastener should become loosened.
The square tooth is desirable, though spike teeth are
made either from round or square stock. The regular
sizes are 15 inch and 34 inch, the 3% inch size being suit-
able for heavier work. The number of teeth to the foot
of the harrow may vary from five to eight, and this num-
ber as well as their size should correspond to the kind of
work and conditions under which the harrow is to be
used. Originally wooden harrow frames were the only
kind used, but now they are generally made of steel pipe,
angle and channel bars. The later styles of harrow are
much more durable, and, the same amount of material
being used, there is little choice between the styles of
steel harrows. Lever harrows have an advantage in that
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the angle of the tooth may be adjusted, making the im-
plement capable of performing a variety of work. Some
levers are more easily operated than others. This lever
adjustment facilitates transportation. Some harrows are
so constructed that the sections may fold upon each other
for easy transportation. Harrows in which the ends of
the tooth bars are protected are suited for orchard work,
as the bars will not catch and bark the trees.

o »“‘-“l«,

FIG. §4—A STEEL LEVER HARROW WITH A RIDING ATTACHMENT OR HAR‘
ROW CART. THIS HARROW HAS THE TOOTH BARS MADE OF
STEEL CHANNEL BARS WITH PROTECTED ENDS

120. The harrow cart.—In order that the operator may
ride, this device is sometimes attached behind the harrow.
The attachment is made to the eveners by angle bars, and
the wheels are made to caster so that in turning it will
follow the harrow. It is very laborious to walk behind
the harrow on plowed ground, and the harrow cart re-
moves this difficulty; at the same time the rider has easy
control of the team and is above the dust. The extra
draft should be very little, but the wheels should have
wide tires to prevent them from cutting into the soft
ground.
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121. The disk harrow.—This tool is perhaps the best
adapted for pulverizing and loosening the ground of any
yet devised. On account of its rolling action, it can be
used for a great variety of conditions. It does excellent
service in reducing plowed ground which is inclined to
be soddy, and may even be used to prepare hard and dry
soils for plowing. It may also be used to advantage in
destroying weeds after they have grown beyond the con-
trol of the smoothing harrow. In fact, the disk harrow
should be in use on every farm.

FIG. 55—A TWO-LEVER DISK HARROW. SCRAPERS OPERATED BY THE FEET

122. The full-bladed disk harrow.—This class of har-
row may be used to good advantage as a pulverizer, and
the blades are easily sharpened when dull, either by
grinding or turning to an edge. The diameter of the disks
may vary from 12 to 20 inches. For general purposes,
the medium-sized, or 14- or 16-inch, disk is the size best
adapted, although the larger sizes may have slightly less
draft. The penetration of the disk blades into the ground
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is determined by (1) the line of draft, (2) the angle of
gangs, (3) the curvature of the disk blades, (4) the
weight of the harrow, and (5) the sharpness of the
blades. :

123. ‘The cutaway or cut-out disk harrow.—As may be
judged from the name, portions of the periphery of the
blade of this harrow are notched out, allowing the re-
maining portions to penetrate the ground to greater

FIG. 56—A SINGLE-LEVER CUTAWAY DISK HARROW

depth. The entire surface, however, is not so thoroughly
pulverized as with the full-bladed disk. It has a dis-
advantage of being hard to sharpen. The cutaway har-
row seems to be especially adapted to work among stones
and may be used to cultivate hay land.

124. Spading harrow.—This type of harrow has blades
curving at the ends, forming a sort of sprocket wheel,
with the cutting edges out. It works much like a cut-
away. . To sharpen it the blades must be separated and
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drawn out much as a plow is sharpened. A special form
of spading harrow with sharp spikes is used in cultivating

FIG. 57—A SPADING HARROW

alfalfa, and is given the name of “alfalfa harrow.” The
orchard disk differs from the common disk only in that
it has an extension frame, so that it may be used to

FIG. 58—AN ORCHARD DISK HARROW WITH WIDE FRAME TO WORK UNDER
TREES. THE GANGS MAY BE SET TO THROW IN OR OUT

cultivate rows of small plants as well as to reach under
trees and cultivate the soil under the branches. The disk
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gangs often may be set to throw in or out from the center,
to suit the nature of the work.

Usually the first parts of the disk harrow to wear out
are the bearings. There are many styles of ball and
chilled iron bearings in the market now, but those of hard
wood seem to be as satisfactory as any, since they may
be easily replaced. The construction of the bearings
should be such as to exclude all dirt. A reliable means of
oiling should be provided, and it is well to have -an oil
pipe to the bearings which extends above the weight pans
or frame.

The scrapers or cleaners to keep the disks clean are
another important feature of the disk harrow. These
may be made stationary or so arranged as to be operated
by the feet of the driver or otherwise when needed.
They are not needed when working in dry soil, and when
stationary they cause undue friction. A scraper that is
made to oscillate by horse power over the face of the
disk blades, and clean them automatically once in six
revolutions, is sometimes used. When not needed it may
be thrown out of gear.

Disk harrows with bumpers to carry the end thrust of
the sections are usually made with one lever in order
that the gangs or sections may be adjusted and the bump-
ers kept squarely together. A scheme to surmount this
difficulty is to adjust the outer end of the gangs only. A
two-lever disk harrow offers several advantages by ad-
justing the gangs at different angles for side hill work
and for double disking by lapping one-half each time.
The soil when disked once is not as firm as the undisked
ground, and if lapping one-half, it may be necessary to
set the gangs at different angles in order to cause the
harrow to follow the team well.

It is advisable to have good clearance between stand-
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ards and the disks and between the weight boxes and the
disks. Good clearance will prevent clogging in wet and
trashy ground. In order to secure flexibility of the gangs
it is almost essential to have spring pressure to keep the
inside ends of the gangs down. There is a natural tend-
ency for the gangs to raise at the center. If three horses
are to be used, it is advisable to have a stub tongue and
an offset pole. Patent three-horse eveners to remove side
draft with the pole set in the center are not to be advised.
A liberal amount of material must be used in the con-
struction as well as gopd workmanship—for instance, a
heavy gang bolt with a lock nut. A square gang bolt is
considered better than a round one.

125. Tongueless disk harrows are now made with a
truck under a stub-tongue. These harrows, no doubt,
make the work lighter for the team, but sacrifice a certain
amount of control in handling the harrow. This feature
is of more importance under certain conditions than
others. A tongue truck is also used and is a very satis-
factory addition to the harrow.

126. Plow-cut disk harrows.—Harrows have been con-
structed for several years with disks which have a raised
or bulging center, the idea being that the dirt in being
forced up over the raised center is turned over much like
it would be from the moldboard of a plow. Tt is claimed
by the manufacturer that this shape enables the harrow
to cover the small trash better, that it leaves the.ground
leveler, and the harrow has better penetration on account
of the shape of the disk blades. All these claims are de-
nied by other manufacturers.

THE ROLLER AND PLANKER

127. The land roller is a very efficient tool for working
up a fine tilth and for making the ground smooth and
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firm. The first rollers were constructed out of suit-
able logs and were drawn by yokes engaging pins in
the ends of the rollers. It was soon found that if a
log of any width was used, it would not work well
on uneven ground, and it was clumsy to turn. Rollers
made in two or three sections were then introduced,
which were found in a great measure to overcome these
difficulties. 1f the soil moisture is to be conserved,
the roller should be followed by a smoothing harrow,

FIG. 50—A SMOOTH IRON ROLLER

as the former smooths and packs the ground, permitting
the escape of the capillary water into the air. The har-
row will roughen the surface, thereby decreasing the
wind velocity, and will also put a dust mulch over the
surface. The ground will be in much better condition
for a mower or other machine ;iter the rollér has passed
over it.
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Certain advantages over the plain smooth rollers are
claimed for the corrugated or tubular rollers, several
styles of which have been invented. They are said to

FIG. 60—A TUBULAR ROLLER

crush the clods better, and they do not lzave a smooth
surface. Figs. 60 and 61 illustrate two rollers of this

FIG. 6I—A FLEXIBLE ROLLER AND CLOD CRUSHER OF SPECIAL DESIGN

type. H. W. Campbell invented a tool of this nature
called the subsurface packer, for packing the ground be-
neath the surface. This tool (illustrated in Fig. 62) con-
sists of a series of wheels with wedge-shaped tread.
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Campbell advocates a method of surface cultivation to
conserve the moisture in semi-arid regions. The inter-
tillage of wheat and other small grains is included in this
system. An authority states that rollers should be at
least 2 feet in diameter, and should not weigh more than

FIG. 62—THE SUBSURFACE PACKER

100 pounds to the foot of width. If intelligently used,

the roller is no doubt a valuable implement to the average
farm. s 4

128. The common planker, although a home-made tool,

is a very valuable imple-

/\ ment for crushing clods

= ~"\ and smqothing th.e sur-

face. It is not inclined to

\\\ D push surface clods into

\3_\ the soil like the roller,

FIG, 63—THE COMMON PLANKER, A but WIH CatCh them and

SERVICEABLE TOOL USUALLY pulverize them. The

, £ALADE) ON THEPIRARM planker does not adapt

itself well to any unevenness of the surface and does not

pack the soil like the roller,
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THE CULTIVATOR

129. Development.—The modern cultivator, which is a very
efficient aid to the cultivation of growing plants, has developed
under the addition of animal power from a kind of crude hoe
used in the early days. The original single shovel was changed
for the double shovel, this in turn was supplanted by the
straddle-row cultivator, and even the latter was increased in
size until in some cases the modern cultivator will take two
rows at a time. A horse hoe and drill was invented by Jethro
Tull early in the eighteenth century, but this was never a popular
machine. Until 1860 country blacksmiths generally made the
double shovels used by farmers. A patent was granted to
George Esterly, April 22, 1856, on a straddle-row cultivator for
two horses, and his was the first of the line of implements in
the manufacture of which millions are now invested.

130. Classification of cultivators.

Single- and double-shovel cultivators.
One-horse cultivators.
Five- and nine-tooth cultivators.
Straddle-row cultivators.
Walking—
Tongue,
Tongueless.
Riding.
Combined.
Single-row.
Double-row.
Surface cultivators.

131. Single- and double-shovel cultivators, although
used very extensively at one time, have their use con-
fined almost entirely to garden and cotton culture.

132. The one-horse cultivator is used largely in gar-
dening and for cultivating corn too high to be cultivated
with the straddle-row cultivator. It may be provided
with almost any number of teeth from 5to 14. The teeth
may vary from the harrow tooth designed for producing
a very fine tilth, to the wide reversitie shovels used on
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the five-tooth cultivators. Also a spring tooth may be
used similar to those used on the spring-tooth harrow.
133. Features of cultivators, with suggestions in regard
to selection.—The gangs (sometimes called rigs) are the
beams, shanks, and shovels. Usually several styles of
gangs may be fitted to each cultivator. The shovels may
vary in number from four to eight for a pair of gangs.
The larger number is to be preferred for producing the

FIG. 64.—FIVE- AND ELEVEN-TOOTH ONE-HORSE CULTIVATORS, EACH HAS
A LEVER FOR VARYING THE WIDTH, AND ALSO GAUGE WHEELS.
ONE HAS A SMOOTHING ATTACHMENT

proper tilth of the ground, but are very troublesome in
being easily clogged with trash. The six-shovel gangs
are very popular for corn culture. The eight-shovel
gangs may have each set of four shovels arranged either
obiquely or in what is called a zigzag. Best cultivator
shovels are made of soft-center steel. They are made of
almost any width, and may be straight or twisted. The
twisted shovel has a plow shape designed to throw the
dirt to one side or the other, while the straight shovel
must be adjusted on its shank to do this. The beam may
be made of wood, steel channel, flat bar, or pipe. The
wood beam is somewhat lighter, but not so strong or
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durable. The shanks may be constructed of the same
material as the beam and are provided either with a
break-pin device or knuckle joint to prevent breakage
when an obstruction is struck.

Flat springs may be used for the shanks, and when so
used the term spring tooth is applied. Gopher shovels
are arranged to take the place of a special surface culti-
vator. Such an arrangement is not generally satisfactory.
A device is sometimes added to keep the shovels facing
directly to the front. Such a gang is spoken of as having
a parallel beam.

Seats are of two styles: the hammock and the straddle.
The hammock seat is supported by the frame at each -
side and offers a good opportunity to guide the gangs
with the feet. The straddle seat is more rigid, hence is
well adapted to the treadle- or lever-guided cultivators.

The pivotal tongue is a device enabling the operator to
vary the angle with which the tongue is attached to the
cultivator frame. It may be used as a steering device,
or to set the tongue at such an angle that the cultivator
will not follow directly behind the team. It is very use-
ful in side hill work where the cultivator tends to crowd
down the hill. It may also be used in turning in a
limited space.

The expanding axle permits the width of track to be
varied, necessary on account of various widths of rows.
It is accomplished by a divided steel axle or by the use
of collars upon the axles. The divided axle permits of
the use of the inclosed wheel box. It is an advantage to
have the half axles reversible in that when the axle end
becomes worn the opposite end may be substituted.

Spacing.—Some provision should be made to widen or
narrow the spacing of the gangs or rigs. On single-row
cultivators this is accomplished by.slipping the couplings
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in and out upon the front arch. The spacing in two-
row machines should be accomplished by a lever which
permits the change to be made while in operation.
Suspension.—The gangs should be so suspended as to
swing freely in a horizontal plane. If the point of sus-
pension is too far back and the suspending arm or chain
too short, the shovels will be lifted out of the ground as

FIG. 65—A TONGUELESS FOUR-SHOVEL CULTIVATOR WITH WOODEN GANGS.
THE SHOVELS ARE NOT IN PLACE

the gang is carried to either side. The farther ahead the
gang is suspended and the longer the suspending arm,
the more nearly the gang will swing in a plane. Con-
sjderable difference is experienced in the ease with which
a long gang is guided compared with a short gang. This
is due to the fact that as a short gang is swung to one
side more work is done, as the shovels must be carried
ahead; while with a long gang the shovels are not carried
ahead to such an extent.

Coupling.—The double hinge joint by which the culti-
vator gang is attached to the frame is called the coupling.
Due provision should be found in the coupling for taking
up wear. It is impossible to guide properly a gang with
much lost motion in the coupling.

R R R~
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Raise of rigs.—Springs should be provided to aid the
operator in lifting the heavy rigs. Also these springs are
often used to aid in forcing the shovels into the ground.

Levers.—In riding cultivators the lifting levers should

FIG. 66—A RIDING BALANCE-FRAME FOUR-SHOVEL CULTIVATOR WITH HAM-
MOCK SEAT AND STEEL GANGS

be so placed as to be easily handled from the seat. In
two-row machines it is very essential to be able to work
each gang independently in raising and lowering. In
this way one gang may be freed from trash without
molesting the others. :

Balance frame is a name applied to cultivators so con-
structed that the position of the wheels may be so ad-
justed, either by a lever for the purpose or by the move-
ment of the gangs, as to balance the weight of the driver
and cultivator on the 2xle.
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Cultivator wheels should be high and provided with
wide tires.

Wheel boxes.—A unotable improvement is found in the
closing of the ends of the wheel boxes, making it possible
to keep the bearings well lubricated. :

The spread arch is a device to cause the gangs to swing
in unison, and should be made adjustable in width.

Hitch.—It is a great advantage to have the height of
hitch adjustable to horses of various sizes.

FIG. 67—-A COMBINED WALKING AND RIDING SIX-SHOVEL CULTIVATOR
WITH STRADDLE SEAT AND TREADLE GUIDE. THE HANDLES TO
BE USED WHEN WALKING ARE NOT ATTACHED

Treadle guide.—Upon many cultivators a device has
been added to guide the gangs as a whole by foot levers.
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Such a device is called a treadle guide, and is often a very
desirable feature.

Pivotal wheels are a scheme for guiding cultivators.
The wheels may be connected to a treadle device or to a
lever worked by the hands. This plan permits of an easy
control of the cultivator.

FIG. 68—A RIDING SURFACE CULTIVATOR

A walking, tongueless cultivator with four-shovel
gangs is illustrated in Fig. 65. The tongueless offers one
advantage in requiring less room for turning. It is essen-
tial that the team work very evenly to do good work.
Fig. 66 illustrates a balance-frame six-shovel riding culti-
vator with a hammock seat. The wheels may be drawn
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back by a lever when the gangs are lifted in order to be
more directly under the weight and prevent the tongue
from flying up.
~ The combined cultivator, walking and riding, is illus-
trated in Fig. 67. This cultivator has a straddle seat and
a balancing lever to adJust for the weights of different
riders.

The surface, or the gopher, cultivator (Fig. 68) is used
for surface cultivation. It is very effective in destroying

FIG. 69—A TWO-ROW CULTIVATOR, GUIDED WITH A LEVER

weeds when small, conserving the soil moisture, and does
not prune the corn roots when working close to the corn.

The two-row cultivator is the latest production in the
line of cultivators. It is a very useful tool where farm
labor is scarce, and will do very creditable work for
subsequent cultivations when the plants are of some
height. Fig. 69 illustrates a cultivator of this type.

The disk cultivator illustrated in Fig. 70 is a tool which
will move large quantities of dirt to or from the corn.
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It is useful on this account for covering large weeds.
Fig. 71 illustrates the eagle-claw gang, or the usual ar-
rangement of shovels in the eight-shovel cultivator.

FIG. 70—A DISK CULTIVATOR

134. Listed corn cultivators.—For localities where
the listing of corn is practiced, a cultivator has been

-

FIG. 7I-—AN EAGLE-CLAW FOUR-SHOVEL GANG
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designed to follow the listed furrow for the first two
cultivations. The machine is guided either by sled
runners or roller wheels
which run in the furrow.
The shovel equipment
varies between shovels
and disks. The cultivator
is made for one or two

FIG. 72—A SIMPLE LISTED CORN cUL- rows, and is a very suc-
TIVATOR. DISKS ARE OFTEN USEDIN  eqsful tool.
PLACE OF THE SCRAPERS. THE IM-
PLEMENT IS ALSO MADE TO CULTI- 135. Stalk cutter.—An

VA L E0 RO KT implement in general use
in corn and cotton regions and which should be men-
tioned here is the stalk cutter. Its purpose is to cut
cotton and corn stalks when “left in the field into such
lengths as not to interfere with the cultivation of the next
crops. The implement primarily consists in a cylinder
with five to nine radial knives. It isrolled over the stalks,

FIG. 73—A SINGLE-ROW STALK CUTTER
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cutting them into short lengths. Stalk hooks are pro-
vided which gather the stalks in front of the cylinder.
Two types are found upon the market, the spiral and the
straight knife cutters. The spiral knife cutter carries
practically all of the weight of the machine on the cylin-
der head while in operation, the side wheels being raised
and the cylinder head brought in contact with the ground.
Straight knife cutters have the cylinder head mounted in
a frame, and when placed in operation are forced to the
ground with spring pressure. The latter machine is much
more pleasant to operate, as it rides more smoothly.
Some cutters are equipped with reversible knives with
two edges sharpened. A stalk cutter attachment is made
for a cultivator carriage. The implement in general may
be had as a single- or double-row machine.
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CHAPTER VI
SEEDING MACHINERY

Seeders and Drills

136. Development.—Seeding by hand was practiced universally
until the middle of the last century. Seed was either dropped
in hills and covered with the hoe, or broadcasted and covered
with a harrow or a similar implement. In fact, in certain
localities in the United States hand dropping is practiced to
some extent at the present time. Broadcasting seed by hand is
practiced in many places.

A sort of drill plow was developed in Assyria long before the
Christian era. Nothing definite is known of this tool, but it
was evidently one of the crude plows of the time fitted with
a hopper, from which the seed was led to the heel of the plow
and drilled into the furrow. Just how the seed was fed into
the tube we do not know. The Chinese claim the use of a
similar tool 3,000 or 4,000 years ago.

Jethro Tull was perhaps the first to develop an implement
which in any way resembles our modern drill. In 1731 he pub-
lished a work entitled “Horse Hoeing Husbandry,” in which he
set forth arguments to the effect that grain should not be broad-
casted, but should be drilled in rows and cultivated. This is,
in a measure, like the system promulgated by Campbell, and
which bears his name. Tull designed a machine which would
drill three rows of turnips or wheat at a time. He used a coulter
as a furrow opener and planted seed at three different depths
His reason for this was that if one seeding failed, the others
coming up later would be sure to be successful. Tull, like many
others who spent their lives in invention, died poor, but he was
successful in developing a line of drills, horse-hoes, and culti-
vators.

American development.—The first patent granted to an Ameri-
can was that Eliakim Spooner in 1799. Nothing remains to
tell us of the nature of this device. Many other patents followed
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the first, but none are worthy of mention until a patent was
granted to J. Gibbons, of Adrian, Michigan, August 25, 1840.
Gibbons’s patent was upon the feeding cavities and a device for
regulating the amount delivered. A year later he patented a
cylindrical feeding roll with different-sized cavities.

M. and S. Pennock, of East Marlboro, Pennsylvania, obtained
a patent March 12, 1841, for an improvement in cylindrical drills.
The patent pertained to throwing in and out of gear each seeding
cylinder, and also to throwing the machine in and out of gear
while in operation. These men manufactured their drill and
sold it in considerable quantities.

_Following the patent issued to the Pennock brothers came a

long list of patents upon “slide” and “force-feed” drills. Slide
drills are distinguished from the others in that a slide is pro-
vided to vary the size of the opening through which the seed
has to pass, and in this way the amount of seed sown is varied.
Force-feed drills carry the seed from the seed box in cavities
in the seed cylinder, in which the amount is varied either by
varying the size of seed pockets or by varying the speed of the
seed cylinder.

The first patent upon a force-feed grain drill was issued
November 4, 1851, to N. Foster, G. Jessup, H. L. and C. P.
Brown, and was the introduction of the term force feed. In
1854 the Brown brothers incorporated as the Empire Drill Com-
pany and established a factory at Shortsville, New York. In
1866 C. P. Brown devised and patented a modification which
has been known ever since as the *‘single distributer.” One of
Brown’s employees, in connection with a Mr. Beckford, removed
to Macedonia, New York, and in 1867 took out several patents
which presented the “double distributer.” The double distributer
was a seed wheel with a flange on each side, one with large
cavities and the other with small to suit the different sizes of
grain. This system was adopted by the Superior Drill Com-
pany, of Springfield, Ohio. In 1877 a patent was granted to J. P.
Fulghum for a device for varying the length of the cavities of
the seed cylinder, and thus varying the amount of seed drilled.
This principle is now used by many manufacturers.

The first drills were provided with hoes, but later a shoe was
found to be more satisfactory. Perhaps the shoe was intraduced
by Brown, who devised the shoe for corn planters.
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137. Classification of seeders.

Broadcast seeders:
Hand, rotating distributer.
Wheelbarrow.
End-gate, rotating distributer.
Wheeled broadcast:
Wide track. Narrow track.
Agitator feed. Force feed.
Combination with cultivator.
Combination with disk harrow.

138. The hand seeder with rotating distributer consists
of a star-shaped wheel which is given a rapid rotation
either by gearing from a crank or by a bow, the string
of which is given one wrap around the spindle of the

FIG. 74—A CRANK HAND SEEDER. SEEDERS OF THIS KIND ARE ALSO
OPERATED WITH A BOW

distributing wheel. Tig. 74 shows a seeder of this order.
A bag is provided with straps which may be carried from
the shoulders and the distributing mechanism placed at
the bottom. The use of this seeder is confined to small
areas, and the uniformity of its distribution of the seed
is not the best.
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139. The wheelbarrow seeder is used to some extent
for the sowing of grass seed, and seems to be the survivor
of this type of seeder, which was at one time used exten-

FIG, 75—A WHEELBARROW SEEDER

sively in England. A vibrating rod passes underneath
the box and by stirring causes the seed to flow out of the
openings on the under side of the seed box.

140. The end-gate seeder is provided with a Yotating
or whirling distributer much like the hand machine first
described. Formerly nearly all of this type of machine

A

e e R

FIG. 76—AN END-GATE SEEDER WITH A FORCE FEED AND FRICTION GEARs
ING. THIS MACHINE HAS TWO SEED DISTRIBUTERS
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had only one distributer, but now the better makes are
provided with two and a force-feed device to convey the
seed to the distributer. Power to operate the seeder is
obtained from a sprocket bolted to one wheel of the
wagon on which the seeder is mounted, and transmitted
to the seeder with a chain. The distributer is geared
either by bevel or friction gears. It is stated that the
friction gear relieves the strain on the machine when
starting, and also runs noiselessly. The bevel gear drive

FIG. 77—AN AGITATOR-FEED BROADCAST SEEDER WITH CULTIVATOR COVER-
ING SHOVELS. THIS IS A WIDE-TRACK MACHINE

is more durable and is recommended as being preferable
by manufacturers who manufacture both styles of gears.

The same criticism may be made of this machine as
of the hand machine. The distribution of the seed is not
the best, and great accuracy in seeding is not possible.
As the seeder is high above the ground, the wind hinders
the operation of the machine to such an extent as to
prevent its use in anything but a light wind or calm. In
order to secure greater accuracy, the seed in some makes
is fed to the distributer by a force-feed device. A small
seeder of this type has been arranged to be placed upon
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a cultivator to sow a strip of ground the width of the
cultivator as the ground is cultivated. This seeder has
not as yet reached an extended use.

141. Agitator feed.—A broadcast seeder is still upon the
market not provided with a force feed, but having what
is known as an agitator feed. This feed is composed of
a series of adjustable seed holes or vents in the bottom
of the hopper, and over each is an agitator or stirring
wheel to keep the seed holes open and pass the seed to
them. The agitator feed, although cheaper and more
simple than others, is not so accurate as the force feed
described later.

Fig. 77 illustrates-a broadcast seeder with an agitator
feed and cultivator gangs attached. This seeder is
usually used without any covering device; however, it
may be procured with the cultivator gangs or with a
spring-tooth harrow attachment.

FIG. 78—A FORCE-FEED DEVICE. THE FEED IS VARIED BY EXPOSING MORE
OR LESS OF THE FLUTED FEED SHELL

142. Force-feed seeders and drills derive their name
from the manner in which the grain is carried from the
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seed box. A feed shell is provided which is attached to
a revolving shaft receiving its motion from the main axle.
Fig. 78 shows the most com-
mon force-feed device. In
the fluted cylinder, the de-
vice illustrated, the feed is
regulated by exposing more
: 3 or less of the cylinder to the

FIG. 70—ANOTHER TYPE OF Force  graim. The feed shell is also
EEED designed in other ways. The

seed cells may be on the inside and without any means
of regulating the size of the cell. The feed or the amount
of seed is regulated by varying the speed of the shaft
carrying the feed shells by gearing as shown in Fig. 8o.

FIG, 80—A FEED-REGULATING DEVICE USED IN CONNECTION WITH A FORCE
FEED SIMILAR TO THAT SHOWN IN FIG. 79
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In order to handle successfully seeds of different size,
the feed shell is made with two flanges with seed cells

FIG. 81—A FORCE-FEED BROADCAST SEEDER WITH NARROW-TRACK TRUCK

of different sizes in each. The cells best suited to the
grain drilled are used, while the others are covered.
143. Width of track.—Broadcast seeders are now made

3™ .
FIG. 82—A COMBINED DISK HARROW AND SEEDER. THIS MACHINE MAY
ALSO BE SET TO DRILL FROM SEED SPOUTS AT THE REAR
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with either wide or narrow track. Perhaps the wide
track is the stronger construction and permits of higher
wheels, but the narrow track permits of greater ease in
turning and there is not the tendency to whip the horses’
shoulders as with the wide track.

144. Combination seeders.— Broadcast seeders with
cultivator and spring-tooth harrow attachments have
been referred to. A popular tool now is the seeder at-
tachment for the disk harrow. This attachment resem-
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