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PREFACE

  This book, as suggested by its title, contains a discussion of the general problem of equipping the farm and the farmstead. The material herein presented has been collected from various sources during the author’s service as a teacher. An effort has been made to bring together and to present in a readable and teachable form such facts and principles as the modern farmer demands and must understand for the successful practice of his profession.

  It is only in very recent years that questions such as those discussed in this book have been given the consideration which they deserve. Colleges, experiment stations, institute speakers, and lecturers generally, have given their full time and effort during the past quarter of a century to the discussion of larger crop yields and better live stock. It is well perhaps that it should have been so, for profitable crop and live-stock production are the foundation of agricultural prosperity. On the other hand, when one reflects that about one fifth of the total value of farms in the corn belt is wrapped up in buildings and machinery, the wonder is that the subject has not been given adequate discussion long before. But times have changed and the remarkable interest which is now being taken in such questions as farm buildings, water supply, sewage-disposal, farm lighting etc. proves beyond question that information on these and kindred subjects is being eagerly sought.

  The point of view taken in this book has been, first, that of the farmer of the present who is seeking information as to ways and means of making his work easier and his burdens lighter—to whom it is hoped the book will make a strong appeal and in the solution of whose problems it is believed he may find practical help; second, that of the student who is to become the farmer of the future. In the student’s interest an attempt has been made to arrange the subject matter in pedagogic form, though it is probably true that the formal rules of pedagogy have frequently been violated, for in the presentation of a subject so new, and on which there is so little available material, the chief problem has been what to present rather than in what manner it should be presented. An effort has also been made to approach each subject in such a way as to emphasize the practical application of the principles involved and studiously to avoid academic discussion of detail having little or no practical value.

  The author wishes to express his deep obligation to the many commercial firms through whose hearty cooperation the use of many of the illustrations herein found was made possible, and especially would he commend his publishers for their painstaking care in the preparation of illustrative material. Thanks are due also to Mr. F. W. Ives, for generous assistance in the preparation of drawings. It is hoped that the many errors which are sure to occur, together with the possible shortcomings of the book, will be given charitable consideration.

  H. C. RAMSOWER


  
EQUIPMENT FOR THE FARM AND THE FARMSTEAD

  
CHAPTER I

  SOME PRINCIPLES OF MECHANICS

  In a study of farm engineering and, in particular, of that phase of the subject dealing with farm mechanics, we are constantly considering the matter of forces, their application, their transformation, their effects, as embodied in even the simplest farm tools. A certain force is required to draw a plow, to drive a wedge, to lift a load, to make an engine run, to tie a knot in a grain-binder, each task requiring a different method of utilizing the same thing—force; and it is only through a knowledge of some of the simple principles of mechanics that we can come to a clear understanding of these things.
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  FIG. 1. Illustrating the principle of moment and moment arm

  Force. A force is an action exerted by one body upon another, which tends to change the state of motion of the body acted upon. Thus, a loaded wagon is drawn by a team. The team (one body) exerts a force upon the wagon (the other body) and changes its state of motion. A man picks up a bucket of water. His hand changes the state of motion of the bucket and therefore exerts a force. A small boy endeavors to lift the same bucket but does not move it. The definition of a force, however, still holds true, since he tends to change its state of motion.

  Moment of a force. If a rope AB is directed over a pulley as shown in Fig. 1, and another rope is attached to the axle of the pulley as at C and a weight W suspended from this rope, there will obviously be no rotation of the pulley. If the weight be transferred to A, however, the pulley will begin to rotate toward the right. The force exerted by the weight in this position is said to have a moment arm a, which is the perpendicular distance from the line along which the force acts to the axle of the pulley, or, more generally speaking, to the axis of rotation. This tendency of a force to produce rotation about a given axis is called the moment of the force in respect to that axis; hence,

  The moment of a force = the force × the moment arm.

  In Fig. 2 the force F applied to the end of the lever working over the fulcrum B tends to lift the weight W. In other words, it tends to produce rotation about the axis O because it has a moment arm a.

  The moment of the force = F × a.
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  FIG. 2. Another method of illustrating the principle of moment and moment arm

  Line representation of forces. Any force acting on a body is completely described if three things are stated: (1) its point of application, (2) its direction, and (3) its magnitude. Since a line may begin at any point, may be drawn in any direction, and may be of any length, it may be used to represent a force. Any convenient scale may be assumed, as 10 lb. to the inch, 20 lb. to the inch, etc. Thus, two boys each have a rope tied to a post at approximately the same point, as shown in Fig. 3. One of the boys exerts a pull of 10 lb. in one direction, the other a pull of 20 lb. in the opposite direction. If two lines are drawn, one 2 in. long representing the 10-pound force, and the other extending 4 in. in the opposite direction, we have a representation of the magnitude and direction of each of the forces in question. Plainly, the sum, or resultant, of these is represented by the difference in length of the two lines, a difference which represents a force of 10 lb. acting in the direction of the greater force.
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  FIG. 3. Line representation of forces

  [image: images]

  FIG. 4. Resultant of two forces acting at a 90° angle

  The resultant produces the same effect as the two original forces

  Composition of forces. In Fig. 4 let it be assumed that two ropes are attached to a weight. A force of 40 lb. is applied at the end of one rope and a force of 30 lb. at the end of the other, which is at an angle of 90° to the first, both ropes being in the same plane. The tendency of the two forces will be to move the object in a direction represented by the diagonal of the parallelogram as constructed on the two force lines. Since the two lines as drawn completely specify the two forces acting on the body, the diagonal will specify in magnitude and direction a single force which could supplant the two forces and produce the same effect on the body. Plotting the forces to a scale of 10 lb. to the inch and completing the parallelogram, we find that the length of the diagonal represents the resultant of the two forces.

  The same relation exists between the two forces and their resultant, even though the forces act at angles other than 90°. If, for example, a horizontal force of 60 lb. acts at an angle of 30° with another force of 36 lb., the diagonal of the parallelogram, completed as before, will show the resultant to represent a force of 92.9 lb. (Fig. 5).
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  FIG. 5. Resultant of two forces acting at a 30° angle

  The parallelogram method applies even though the forces are not acting at an angle of 90° with each other

  It may be concluded, therefore, that if two forces act at the same point and in different directions in the same plane, the resultant may be found from the parallelogram of forces and will be represented in magnitude by the diagonal of the parallelogram.

  If more than two forces act at a point, the resultant of the system may be found by determining the resultant of any two, then the resultant of this resultant and a third force, etc. through all the forces, the last resultant being that of the system (Fig. 6).

  Resolution of forces. Just as two or more forces acting upon a body may be combined into one force having the same effect on the body, so may a single force be resolved into two or more component forces having the same effect upon the body as the original force. Such a process is called the resolution of forces, and the solution of such cases is through the parallelogram, as before. In Fig. 7, for example, a force of 100 lb. is acting at an angle of 30° with the horizontal. This force may be resolved into its horizontal and vertical components by completing a parallelogram of which the given force is the diagonal, one side being vertical, the other horizontal. Constructing to scale, the horizontal force is found to be 86.6 lb.; the vertical force, 50 lb.
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  FIG. 6. Showing method of finding the resultant of three or more forces

  A system of three or more forces may be reduced to a single resultant by the parallelogram method
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  FIG. 7. Showing the use of coordinate paper in plotting curves

  It should be clearly understood that the result of the solution shows that when the force of 100 lb. acts on the body at an angle of 30°, as shown, there is a tendency to lift the body vertically as well as a tendency to draw the body in a horizontal direction. To find the values of these two tendencies is the object of the solution.

  The use of coordinate paper. The solution of simple problems in the composition and resolution of forces is readily accomplished on coordinate paper. A sample of eight-division paper with a problem solved is shown in Fig. 7.

  Work. When a force acts upon a body and causes it to change its state of motion, work is done upon that body. For example, a team draws a loaded wagon. The state of motion of the wagon is changed, and hence work is done. Work, therefore, is equal to the product of the force exerted and the distance passed over in the direction in which the force acts; or,
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  If the displacement is not in the direction in which the force acts, the work done is equal to the product of the force and the component of the distance in the direction in which the force acts, or the product of the distance and the component of the force in the direction of displacement. Thus, a barrel of salt is rolled up a plank twelve feet long into a wagon four feet high, the force acting in a line parallel to the ground. The work done is equal to the horizontal component of the distance over which the force acts (which is the distance on the ground from the end of the plank to the wagon) × the force.

  The significance of the factor s should be noted. The load above referred to might be so heavy that the team could not move it. No matter how hard they strain, no matter how much force they exert, no work is done until the wagon is moved.

  Measure of work. Since work is the product of force × distance, if, as is the custom, force is measured in pounds and distance in feet, the unit of work becomes the foot-pound (ft.-lb.); that is, a foot-pound of work is done when a force of 1 lb. acts through a distance of 1 ft. In the case of the barrel of salt, if the barrel weighs 180 lb. and is lifted through a vertical distance of 4 ft., the work done is equal to 180 × 4 = 720 ft.-lb.

  Power. A mason’s helper carries a pile of bricks from the ground to the second story of a building. The same amount of work is done whether he performs the task in one hour or in ten. If the work is done in one hour, however, more energy is consumed, more effort is put forth, more power is required. Hence power is the rate of doing work, the element of time entering into consideration.

  Unit of power. The customary unit of power is the horse power (H. P,). When coal was raised from the mines in England, it was found that the average horse could lift a certain number of pounds through a certain height in one day. From this practical approximation the value of the unit for horse power was determined. It represents work done at the rate of 33,000 ft.-lb. per minute,
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  Energy. Energy may be defined as the power to do work. Thus, water flowing over a dam possesses energy which may be used to turn a water-wheel. A storage battery possesses energy, since it may furnish the current to run a motor, ignite the charge in a gasoline engine, etc. A sledge hammer possesses energy when poised in the air.

  Energy is of two kinds. Potential energy is defined as energy due to position, such as that possessed by water flowing over a dam. It may be measured by ascertaining the amount falling and the distance through which it falls. Thus, if the dam is 10 ft. high, each cubic foot of water has a potential energy of 62.4 × 10 = 624 ft.-lb. Therefore,
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  Kinetic energy is energy possessed by a body because of its motion. Thus, after water begins to fall it possesses energy because of its motion, and the common expression for this condition is

  [image: images]

  Machines. When the word “machine” is mentioned we think at once of corn-planters, grain-binders, gasoline engines—tools with which we are familiar. These are machines, indeed, but each one, being rather complex, is made up of simpler elements which are machines just as truly as are the more complex structures. A machine is a device which receives energy from some outside source and transmits and delivers it, in part, to some other point for the purpose of doing work. The object in using machines is to perform work which could not be performed so easily or so quickly without them, and at the same time to secure certain mechanical advantages.

  The lever and the inclined plane are the two basic machines. All other simple machines, such as the screw, the wheel and axle, the wedge, etc.—of which more complex machines are composed—are different forms of the lever and the inclined plane.
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  FIG. 8. Three classes of levers A, first class; B, second class; C, third class

  The lever. The lever is used in three different forms, or classes—the class used depending upon the kind of work to be done, since each class has its particular advantage. The three classes are shown in Fig. 8. The distinguishing feature in the classes is found to be in the point at which the force is applied in relation to the weight and the fulcrum. In the first class the force must move over a much longer distance than the weight; hence power is gained at the expense of distance, and the force moves in a direction opposite to that of the weight. In the second class the same advantage is had as in the first class, but in this case the force and the weight move in the same direction. In the third class the force moves through a shorter distance than the weight, velocity being secured at the expense of force.

  The solution of problems involving any one of the three classes depends upon the equation

  [image: images]

  No matter what the shape of the lever, the power arm is measured as the perpendicular distance from the fulcrum to the line in which the power acts.

  The inclined plane. The inclined plane is another simple machine, and is frequently used in rolling barrels up a plank, in the tread power, etc. The mechanical advantage depends upon the direction in which the power is applied. In Fig. 9, W might represent a barrel being rolled up an inclined plane. The weight of the barrel is represented by the vertical line WD, Resolving this into its two components, WE and WF, we find that WE represents the force that tends to pull the barrel down the plane. From the similar triangles DEW and ABC,
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  When the power, therefore, acts in a line parallel to the plane, the power’s distance is the length of the plane. When the action is parallel to the base of the plane, the power’s distance is the length of the base—the weight’s distance being the same in either case and being equal to the height of the plane.

  [image: images]

  FIG. 9. Illustrating the principle of the inclined plane

  The jackscrew. The screw is a modification of the inclined plane. The pitch of a screw designates the distance in inches between threads. Therefore a screw of ⅛ pitch (sometimes designated as 8 pitch) has eight threads per inch, and in order that the screw may be moved through one inch it must be turned eight times around. The jackscrew is a screw built on a large scale and so constructed as to use the principle of the inclined plane in a peculiar way. The mechanical advantage is determined in the same way as for the inclined plane. This calculation is based upon the condition that the power moves through a distance equal to the circumference of a circle whose radius is the length of the jackscrew bar, while the weight is being moved through a distance equal to the pitch of the screw.

  The wheel and axle. The wheel and axle is an application of a lever of the first or the second class—usually of the second class. In most cases, as in the common windlass, the radius of the wheel (in this case the crank) is the power arm, while the radius of the axle is the weight arm. Problems involving the wheel and axle are solved most easily by means of the lever formula.

  The pulley. The pulley is a lever of the first or second class having equal arms. A single pulley has no mechanical advantage, but serves simply to change the direction of the rope. When pulleys are used in combination, however, as in a tackle, the mechanical advantage varies directly as the number of cords supporting the weight.

  In the tackle shown in Fig. 10 there are three sheaves in both the upper and the lower block. If the lower block is raised one foot, the power applied at P will move through six feet. Hence, neglecting friction, a given power at P will raise a weight W six times greater than itself.
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  FIG. 10. Front and side view of a tackle

  Each block has three sheaves or pulleys. The rope to which the power is applied is the fall rope, and the block from which this rope passes is the fall block
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  FIG. 11. The differential pulley

  The differential pulley. The differential pulley is a modified block and tackle used in lifting great weights, as in machine shops, where the load must be held by the pulleys for some time. Fig. 11 illustrates the construction, and its operation may be explained, with the help of Fig. 12, as follows: The upper block has two sheaves differing slightly in diameter; the lower block has but one sheave. The pulleys are usually threaded with a cable chain. If a force, applied at P, moves downward until the upper sheaves turn once around, it will have moved through a distance equal to 2πR, and rope AA′ will be raised the same distance. At the same time the smaller sheave will turn once around, and rope BB′ will have been lowered a distance equal to 2πr. The rope AA′B′B will be shortened a distance equal to 2πR – 2πr, or 2π(R – r), and the weight will be moved up one half this distance. The ratio between the distance through which the power moves and the distance through which the weight moves, which is the mechanical advantage of the pulley, becomes [image: images] The question might arise as to why the weight does not travel downward when the power is removed. The moment tending to turn the sheaves in a clockwise direction is equal to [image: images]; the counterclockwise moment is [image: images]. Since R is greater than r, the tendency to a counterclockwise rotation is [image: images]. Friction in the pulley must equal this amount or the weight will move downward if the power is removed.
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  FIG. 12. Illustrating the principle of the differential pulley

  Friction. Friction is the resistance encountered when an effort is made to slide one body along another. If a loaded sled is standing on snow, quite a force is required to start it; but once started, it is kept moving by the application of a very small force. Here, then, are two kinds of friction: (1) static friction, or friction encountered when a body is started from rest, and (2) sliding friction, or friction encountered when a body is kept in motion. The coefficient of friction is the ratio between the force necessary to start or draw one body along another and the pressure normal to the surface in contact; that is,
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  It is very evident that friction is an extremely variable factor depending upon many variable conditions. Experimental evidence goes to show, however, that certain general statements, which are known as the laws of friction, may be made.

  
    1. Friction is independent of the area in contact.

    2. Friction is proportional to the pressure between the surfaces in contact.

    3. Friction does not vary greatly with velocity, but is greatest at low speeds.

    4. Friction depends upon the nature of the surfaces in contact.

  

  Friction in machines. Since all machines, no matter how simple, have surfaces rubbing on other surfaces, the element of friction must be considered. The amount of friction, with other losses, determines the efficiency of a machine; by efficiency is meant the ratio between the amount of energy delivered by a machine as useful work and the amount put into the machine. For example, a certain amount of gasoline is consumed in operating an engine for a given length of time. This fuel in the process of combustion exerts a certain definite force against the piston head. If, now, a break is applied to the belt pulley, and the useful work which the engine is capable of delivering is measured, it will be found to be less than that delivered to the piston head. Friction and other losses consume the difference. The efficiency, then, may be stated thus:
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  As a concrete illustration, a jackscrew having [image: images] pitch is placed under a load of 4 tons. To lift the load it is necessary to exert a force of 50 lb. on the end of the jackscrew bar, the bar being 18 in. from its end to the center of the screw. Theoretically the force required if the jackscrew were a frictionless machine would be as follows:
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  In this case the output, or the work actually delivered, is 17.6 lb., while the input is 50 lb.; hence,

  [image: images]

  It is not possible to eliminate all of the friction in farm machines, but their efficiency may be generally increased by giving attention to their proper care and adjustment. Dull knives will greatly decrease the output of the mower, the grain-binder, the ensilage-cutter, etc. A little rust on the plow, the cultivator shovels, or the binder knotter materially increases friction. Lack of grease and oil on the bearings of the wagon, the manure-spreader, the binder, etc. increases not only friction but the wear on the bearings.
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  FIG. 13. Four different ways in which beams may be loaded

  Strength of materials. All materials used in the construction of farm implements and farm structures are subjected to certain stresses and strains. They must therefore be so designed as to meet the demands made upon them without breaking. In determining the load which a timber—for example, a floor joist—will carry, two things must be taken into consideration, namely, the size and shape of the joist and the manner in which it is loaded.

  The load which a timber submitted to a bending stress will carry, varies as the breadth, as the square of the depth, and as the length between supports. A timber may be loaded in at least four different ways: it may be (1) supported at one end and loaded at the other, (2) supported at one end and uniformly loaded, (3) supported at both ends and loaded in the middle, (4) supported at both ends and uniformly loaded.

  A factor of safety is used, also, in the design of timbers subjected to stress. This factor recognizes the fact that the safe load is very much less than the breaking load, the amount by which it is less depending on the strains to which it is likely to be subjected. The safe load may vary from one third to one twelfth of the breaking load, but as a rule it is taken to be about one sixth, in which case the factor of safety is said to be six. Taking these factors into consideration, certain formulas are presented to fit the cases above mentioned, by means of which it is possible to determine the proper size of timbers to use in places where a load is supported (as on floor joists) or to determine the safe load which timbers will carry.

  Naturally the load will vary with the kind of timber used. To allow for this a constant, A, is included in the formulas, and the value given this constant provides for a reasonable factor of safety. The values of A are as follows for the materials mentioned:
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  CASE I. Beam supported at one end and loaded at the other. (Fig. 13, A.)
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  CASE II. Beam supported at one end and uniformly loaded. (Fig. 13, B.)
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  CASE III. Beam supported at both ends and loaded in the middle. (Fig. 13, C.)
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  CASE IV. Beam supported at both ends and uniformly loaded. (Fig. 13, D.)
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  As an illustration of how the formulas are handled, the following problem is assumed: A yellow-pine timber 2 in. in width supports a hay fork and carrier at the end of a barn. How deep must the timber be to carry safely a load of 1500 lb. when applied 3 ft. from the support?

  The problem falls under Case I, in which b = 2" and L = 3'.
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  Hence a 2" × 10" piece would be used.

  Eveners. Fig. 14 illustrates the principle underlying the construction of the common two-horse evener, or doubletree. In the upper figure the three holes are on the same straight line. No matter in what position the horses are in relation to each other, the load will be evenly divided between the two, because the lever arms, as shown in the figure, will always be of the same length.
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  FIG. 14. The principle of the two-horse evener

  The upper figure is the only one which will equalize the load with the horses in any position

  In the middle figure the end holes are placed to the rear of the middle hole, a construction which is very common in farm eveners. One end is shown in a position 8 in. to the rear of the normal. In such a position the lever arm of the rear horse is seen to be 21[image: images] in. while that of the other horse is 23[image: images] in., this arrangement giving the horse in the rear a much greater portion of the total load. If the total pull is 400 lb., in the position shown the load would be divided between the two horses as follows: The sum of the two lever arms, 21[image: images] in. + 23[image: images] in., is equal to 45 in., which represents the effective length of the evener. Then, if x represents the pull of the rear horse, and since the load is in inverse proportion to the lever arms,

  [image: images]

  From this solution it is found that the rear horse, though usually the weaker of the two, is forced to pull 11.8 per cent more than his mate when the former is in a position 8 in. back of normal. The farther he gets behind, the heavier does his load become.

  The lowest figure shows a common construction for wagon doubletrees. The end clevis is firmly bolted to the evener, in which case the point of application of the pull is in front of the middle hole. As one horse forges ahead, his lever arm becomes shorter, and consequently his load becomes heavier, while the load of the horse which is behind becomes lighter.

  Although it is not practicable to make eveners with the three holes on the same straight line, this condition should be approximated as closely as possible. The further lesson taught by these figures is that the driver should at all times keep the two horses abreast if he would have each pull one half the load.

  An advantage may be given either horse by lengthening his end of the evener or by shortening the other end. The amount of advantage given may be easily figured. Suppose one arm in a 48-inch evener were shortened 2 in. This would make one arm 22 in. and the other 24 in., with a total length of 46 in. If the total pull is 500 lb., then
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  The other horse will then pull 500 – 239.1 = 261.9 lb. The horse given the advantage pulls 8.7 per cent less than the other horse.


  
CHAPTER II

  TRANSMISSION OF POWER

  As gasoline engines, electric generators and motors, and various forms of water power are finding wide use on farms, a knowledge of the simple principles of power transmission is necessary. Only those principles a knowledge of which is likely to be useful upon the farm will be considered. Power is usually transmitted by means of belts, pulleys, and shafting; by chains and sprockets; and by gears. Rope transmission is only occasionally used in rural districts.

  Belts. There are three kinds of belts as regards material in common use—leather, rubber, and canvas. Leather belts are cut from the main body of a hide after the neck, belly, and tail portions are removed. The best belting is cut from the center, or the backbone portion, of the hide; the poorer qualities come from the edges. Leather belts are made in single-ply or double-ply. The latter costs twice as much as the former, but it is said to last more than twice as long. A double-ply belt cannot be used on pulleys smaller than ten or twelve inches in diameter. The leather belt should always be worked with the hair side next to the pulley, for this is the smoother side and so clings more closely to the pulley. Leather belts must be protected from moisture, steam, and oil. They should be cleaned and dressed occasionally. There are many belt-dressings on the market, but neat’s-foot oil is probably as good as any of them.

  Rubber belts are made by cementing together alternate layers of rubber and canvas, coating the whole with rubber, and then vulcanizing the rubber under high pressure. In thickness they vary from 2-ply to 8-ply. A 4-ply rubber belt is considered the equal of a single-ply leather belt. A rubber belt withstands heat and moisture better than leather, though under ordinary conditions it will not last so long as leather. A rubber belt must be carefully protected from oil and grease.

  Canvas belts are used a great deal on agricultural machinery, where they are exposed to the weather. They wear well, but are not quite so desirable for pulleys at fixed distances apart. To give an idea of the relative prices of the three kinds of belts, the retail prices in effect at the present time are quoted: 4-inch, 4-ply rubber, 15 cents per foot; 4-inch, 4-ply canvas, 13 cents per foot; 4-inch single-ply leather, 48 cents per foot. The gandy belt is a special form of canvas belt made by combining the canvas layers with waterproofing material and then stitching and coating the whole again with the same material. This belting is very durable and withstands hard usage well.

  [image: images]

  FIG. 15. Two methods for lacing belts

  The lacing is begun at the middle of the belt

  Horse power of leather belts. Power is transmitted by a belt by the aid of friction between belt and pulleys. The horse power which a belt is transmitting at any time depends upon the pull, or tension, in the belt and upon the rate of travel. Kent gives the following formula for the horse power of a single-ply leather belt working under a tension of thirty-three pounds per inch of width:

  [image: images]

  The length of the belt required for two pulleys may be secured by a rule given by Kent: “Add the diameter of the two pulleys, divide the sum by 2, multiply the quotient by 3[image: images], and add the product to twice the distance between the centers of the shafts.”

  Pulleys. Pulleys are made of iron or wood. The split-wood pulley is well adapted to all kinds of line-shaft work, though for permanent positions, as on grinders, shellers, etc., the iron pulley is perhaps to be preferred. The face of the pulley should be crowned, so that the belt will run to the center. A leather covering is frequently used to secure a better grip between belt and pulley, but, except under heavy loads, it is not necessary. In case of pulleys so placed that the belt is horizontal, the lower side of the belt should be the tight, or driving, side. Such an arrangement permits the slack upper side to settle upon the pulleys, thus adding to the friction and tending to prevent slippage.

  The speed and size of pulleys. A convenient rule for determining either the speed or size of pulleys connected by a belt is the following:

  R. P. M. of driver × its diameter = R. P. M. of driven × its diameter.

  If any three of these factors are given, the fourth may be found. If, for example, a gasoline engine having a pulley 10 in. in diameter is belted to an electric generator having a 4-inch pulley and running at 1700 revolutions per minute, the speed may be found as follows. If x be the R.P.M. of the engine, then

  x × 10= 1700 × 4;    whence    x = 280.

  If the speed or size of toothed gears is to be determined, it is only necessary to substitute the number of teeth for the diameter of the pulley, as given above.

  Shafting. Shafting is very frequently used where more than one machine is to be operated by the same engine. Cold-rolled steel shafting is the kind most generally used, it being supported upon hangers which are fastened to the floor, the wall, or the ceiling. The distance apart of the hangers depends on the size of the shafting. Kent gives the following formula for determining the proper distance between hangers:

  [image: images]

  As a general rule the hangers should be about eight feet apart.

  The horse power which shafting will transmit depends upon the diameter and upon the number of revolutions per minute. The usual formula is as follows, and assumes that the shaft is well supported, with pulleys close to bearings:

  [image: images]

  Sprockets and chains versus gears. In the construction of grain-binders, mowers, manure-spreaders, and other farm machinery both sprockets and chains, and gears, are used. Chain transmission is suitable where the speed is not great and where a positive drive is desired, if lost motion is not a consideration. It has this very decided advantage over the gear drive—it is cheaper to break a link in a chain than a tooth in a gear. In spur gears and bevel gears two teeth take almost the entire strain of the load, whereas in chain transmission a chain wraps around both sprockets, thus engaging a large number of teeth. Gears, however, afford a more compact and substantial construction, and though lost motion is always found, proper adjustment reduces it to a minimum. Chain links are made of steel or of malleable iron. The latter is more generally used, though either gives satisfaction. It is claimed that steel links wear the sprockets more than do the malleable links.

  [image: images]

  FIG. 16. The triangle is frequently used to transmit power from the windmill to a pump some distance away

  Triangles. Triangles are frequently used to transmit power from a windmill to a pump some distance away, which distance should not exceed one hundred and fifty feet. As shown in Fig. 16, the wires should be crossed so that the mill rod and the pump plunger will work in unison and the windmill will do the heavy work on the upstroke.


  
CHAPTER III

  MATERIALS OF CONSTRUCTION

  In the chapters relating to various farm implements and machines, certain terms will be used in describing the materials from which such implements and machines are made. It is desirable that some space be given to a discussion of these materials, in order that the student may better understand their properties.

  Wood. Wood enters to a greater or less extent into the construction of nearly all farm machines. It is far superior to iron or steel for those parts where a certain degree of resiliency is desirable, as in wagon wheels and in pitman rods for mowers. Since the weight of woods varies greatly, wood of light weight can be selected where lightness rather than strength is desirable. Wood lends itself, moreover, to neat construction and to artistic decoration with paint.

  Where strength and durability are required, the harder woods, such as hickory, oak, ash, and maple, are used. Such woods are found in bed rails for manure-spreaders and in wagon gears, tongues, eveners, etc. Where lightness is desired, pine and poplar are greatly used. Wagon beds, for example, are largely made of poplar. The wood entering into the construction of farm machinery, since it must endure hard usage and must often stand out in the weather the year round, must be of the best quality, well seasoned, and thoroughly coated with paint.

  The increasing scarcity of timber has been largely responsible for the wide use of iron as material for farm machines. Iron is used in many common forms, such as cast iron, chilled iron, malleable iron, and steel.

  Cast iron. In the manufacture of cast iron the crude iron ore is charged into a blast furnace with alternate layers of limestone, or flux, and coke. A fire is kindled at the bottom of the furnace, and an intense heat is maintained by means of a forced air blast. The melted iron drops to the bottom of the furnace. Some of the impurities pass off in gas, some combine with the flux, and still others remain in the iron. The melted iron, when not taken directly through other processes, is drawn off and cooled, forming pig iron. The pig iron is then remelted and cast into various forms which are known as cast-iron castings.

  Cast iron is of a coarse crystalline structure and is extremely hard and brittle. The carbon content is high, ranging from 2 to 4[image: images] per cent, and exists in two forms, known as combined carbon and graphitic carbon. White iron contains carbon in the former state and is extremely hard and brittle. Gray iron contains carbon in the graphitic form and is much softer than white iron, though of course it still possesses the characteristics of cast iron.

  Cast iron finds its greatest use in machine-construction. It can be readily cast into various shapes, and for the making of large castings, as engine foundations and mower frames, and for smaller castings where its physical properties meet the requirements, it has no competitor. Gray iron is used extensively for gears, pulleys, and other parts which must be turned to shape in a lathe.

  Chilled iron. In certain parts of some farm implements and machines, as in some types of plow bottoms and bearings for disk harrows, a material is wanted that will take a good polish and wear well. Chilled iron meets these requirements in a very satisfactory way. In the making of chilled castings the usual method of making cast-iron castings is followed, except that the sand mold, or certain parts of it, is lined with iron, such part being called a chill. The result is that the casting cools rapidly and the carbon consequently remains in chemical combination and makes the casting extremely hard. The chill extends to a depth of from a quarter to three quarters of an inch, the depth depending upon the nature and effectiveness of the mold; the exterior surface, consequently, has the appearance of white iron, while the interior remains a gray iron. Chilled castings, such as those for bearings and plow bottoms, since, because of their hardness, they cannot be worked in a lathe, are ground and polished to the desired shape and smoothness.

  Malleable iron. Malleable-iron castings are manufactured by first making white-iron castings of the desired shape and size. These castings are then thoroughly cleaned of sand and put through an annealing process. This process consists in packing the castings in large iron boxes, surrounded by some packing-material, and heating them to redness for from four to six days. The packing-material is generally a decarbonizing agent such as iron oxide, though sand or clay will do. As a result of this process the carbon disappears from the surface of the castings, leaving a layer resembling steel and from about a sixteenth to a quarter of an inch thick, which covers the body of the castings, while the inner portion is softened to some extent. A malleable-iron casting, therefore, is tough; it will stand a heavy blow, and will bend before it will break.

  Malleable-iron castings find a wide use in the manufacture of farm machines, for such parts as the packers and needles of binders, the gears of binders and spreaders, and for innumerable other small parts which are subjected to great strains or sudden shocks. Malleable-iron castings are never large, but since they combine the advantages of cast iron (in that they can be molded to any desired shape) with the toughness and ductility of steel, they occupy an unusual place in the field of farm-machinery construction. Other things being equal, a considerable number of malleable-iron castings in a machine is an almost certain indication of superior quality.

  Wrought iron. Wrought iron is a very pure form of iron made by melting pig iron in the hearth of a furnace until, on the removal of a large percentage of the impurities, the mass becomes pasty. It is then worked up into a ball and is removed from the furnace and rolled into large bars. Wrought iron is remarkably tough and ductile and is the iron most commonly used by blacksmiths for forging purposes. It is largely used in the manufacture of rolled rods and bars, pipes, pipe-fittings, etc.

  Steel. Steel is a form of iron which, in composition and properties, stands between cast iron and wrought iron. It is low in carbon content in comparison with cast iron, ranging from about 0.1 to 1.5 per cent of carbon. There are several kinds of steel, the kind depending upon the process by which it is made.

  Bessemer steel is manufactured by charging molten pig iron into a large Bessemer converter and forcing blasts of air through the mass until the impurities are largely eliminated, the boiling temperature being maintained by the oxidation of the impurities. A recarburizer, chiefly ferromanganese, is then added to secure the proper carbon content and to assist in eliminating air bubbles from the boiling mass. The metal is then poured into large molds and carried to the rolling-mills, where the ingots are reduced to smaller blocks, or billets, preparatory to being rolled or shaped into commercial products.

  In the acid Bessemer process the converter is lined with sandstone, in which case the phosphorus of the pig iron remains in the steel. In the basic Bessemer process the converter is lined with limestone, in which case the phosphorus of the iron combines with the limestone, forming basic slag, which is used as a fertilizer.

  Open-hearth steel is manufactured by melting a charge of pig iron and steel scrap on the hearth of an open-hearth furnace; a flame from the fire-box of the furnace is passed over the molten mass, being reflected back upon it by the arched roof above the hearth. The decarbonizing agent is added in the form of ferromanganese, as in the Bessemer process, either before pouring or as the metal is poured. Open-hearth steel, like Bessemer steel, may be made by either the basic or the acid process.

  In 1912 about 33 per cent of all the steel produced was made by the Bessemer process, while 66 per cent was made by the open-hearth process, the remaining 1 per cent being largely crucible steel.

  Soft-center steel. Soft-center steel is now rather generally used in the manufacture of steel plow bottoms and cultivator shovels. It is made by welding together three sheets of steel. The two outer layers are made of high-carbon steel and hence are extremely hard. The inner layer is made of a softer grade of steel. The outer layers take a good polish and withstand the wearing action of the soil, while the inner softer layer seems to prevent the parts from breaking when subjected to sharp blows or sudden strains.

  Babbitt metal. Babbitt metal is an alloy of tin, copper, and antimony, in the proportion of about 85 parts tin, 6 parts copper, and 9 parts antimony. This metal, which is used chiefly for bearings, is sufficiently hard to resist wear, and yet soft enough to be easily shaped to a bearing. Moreover it adjusts itself to the shaft and so gives a minimum of friction.

  Bronze. This metal is an alloy of copper and tin, containing about 80 per cent copper and 20 per cent tin. It is used as a bearing metal, and for stuffing-boxes, piston rings, cut gears, etc. Phosphor bronze is made from ordinary bronze by adding a small amount of phosphorus. This addition, which increases the tensile strength and produces a harder metal, makes phosphor bronze especially valuable for gears and bearings, for which use it excels almost any other class of bearing metals, since it offers great resistance to wear and has a low coefficient of friction.


  
CHAPTER IV

  CEMENT AND CONCRETE

  Concrete is now used in such a great variety of ways about the farm that everyone should study its possibilities and learn how to use this important and valuable building-material. Its successful use depends upon the care and judgment exercised in the choice and handling of the materials. Crumbling walks, broken posts, and leaking watering-troughs, too frequently seen, testify to the fact that great care and judgment are required.

  MATERIALS USED


  Cement. Cement is the foundation of all concrete work. There are two kinds to be found upon the market—natural cement and Portland cement.

  Natural cement is made from a rock containing varying quantities of lime and clay. The rock is first ground into fine particles and then burned. The resulting clinker is then reground into a very fine powder known as natural cement. Inasmuch as the rocks from which natural cement is made vary greatly in their composition, the cement varies in its quality. Natural cement, although it begins its initial set more quickly than Portland cement, never attains the ultimate strength that the latter does. It is somewhat cheaper in first cost, but Portland cement should be given the preference for all kinds of concrete work.
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