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The Largest Locomotive in the World
Weight of Engine, 23,000 lbs. Total Weight of Engine and Tender 334,000 lbs.
Complete Description Given on Page 470.
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Latest Development of the American Freight Locomotive.
Cylinders 21×34 inches; Driving wheels, 55 inches; Weight of Engine, 212,750 lbs.
Complete Description Given on Page 473.
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Latest Development of the American Passenger Locomotive.
Cylinders 18½×26 inches; Driving wheels, 80 inches; Total Weight of Locomotive in Working Order, 134,500 lbs.
Complete Description Given on Page 480.
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PREFACE.



It is unnecessary for me to point out in detail what I regard as the most valuable features of this work, as my judgment may be warped by the circumstances that I have found certain subjects more interesting than others. Indeed, in my judgment, every work must stand or fall upon its own merits, and nothing that an author can say in reference to it can avail to change the ultimate verdict of those who subject it to the decisive practical tests that they are called upon to apply in the discharge of their duties.

I desire to express my sincere thanks to the Railway Public for the generous reception accorded my former efforts, and trust that in this work I may be deemed, in some degree at least, to have made good my pledges to the gentlemen who requested the preparation by me of a more comprehensive work on the same subject.

The number of contributors, inventors, locomotive works and mechanical journals who have rendered assistance are too numerous to admit of my thanking them by name, but I beg here to renew to them all the acknowledgments which have already been made to each in person.

C. McS.

Chicago, January 21 1899.



BRIEF HISTORY OF THE LOCOMOTIVE.



The first self-moving steam engine of which there is any record was built by Mr. Nicholas Cagnot in France in 1769. It was, of course, of very crude form, being mounted on a carriage and run upon the public highway, but it was from this insignificant looking little engine that we can trace locomotive construction and development down to the present monsters of the rail. It is true that Isaac Newton has received credit for being the original inventor of the steam engine, but the boiler constructed by him in 1680, and called an engine, cannot properly be so termed because it failed to move, and therefore failed to develop any power. It consisted of a spherical boiler mounted on a carriage and the intended propulsion was through the force of escaping steam against the atmosphere; naturally it proved a complete failure.

To Mr. James Watt, more than any other man, is due the honor of first controlling and utilizing steam for power and perfecting the steam engine, although Newcomer and others had used steam for lifting water, etc., long before Watt’s time. To Trevithick of England is due the honor of first applying the steam engine to rails, or tramways. His engine bore his name and was first run on the Merthyr Tydvil Tramway in South Wales, February 1, 1804. It was a pronounced success, although it appeared that Mr. Trevithick had built a machine which he could not control, as the engine run off the track and was badly wrecked the first day. The presumption is, however, that it was due to his inexperience as an engine driver. Many other locomotives were soon afterward built in England, several of which have since become famous. American engineers were not sleeping, however, while all this experimenting was taking place across the water. Mr. Nathan Reed, of Salem, Mass., built an engine as early as 1790, it being the first locomotive ever built in America; like the Cagnot engine it was also mounted on a carriage and run on the public highway.

The first locomotive to run on rails in America was the “Tom Thumb,” built by Mr. Peter Cooper, of New York, in 1829. The “Stourbridge Lion” being imported from England the same year; it was the first locomotive to cross the ocean. It was about this time that locomotive construction actively began on both sides of the water. The most important factor in the success of the locomotive was found to be the mechanism employed to distribute and control the steam, which was called the valve gear.

Many different forms of valve gear were in use in those early days. What is known as “Hook Motion” became the standard form of valve gear in this country, and it remained in use for many years after the invention of the shifting link. Those who never saw hook motions can gratify their curiosity by inspecting “Old Ironsides,” which is located in the Field Columbian Museum at Chicago, I11.

It is believed by many that Mr. William T. James of New York, a most ingenious mechanic who invented the double eccentrics, also invented the link, as he used a link of crude form as early as 1831; but the Stephenson link, which is at present the standard form of link used in this country, was invented in 1842 by Mr. William Howe, an employe of Robert Stephenson & Co., of New Castle, England. Several other valve gears have since been invented but each in turn failed to demonstrate its superiority over the shifting link which is used in one or other of its many forms on a large majority of locomotives. In the early days of locomotive construction many locomotives were imported to this country, but the tide of importation has turned and our builders are now shipping locomotives to all parts of the .world. This is due to the fact that we build the fastest, most powerful and best locomotives in the world; the American locomotive being noted for its simplicity, convenience, speed and power. The largest locomotive ever built, up to the present time, is illustrated on the first page of this book. It was built by the Pittsburg Locomotive & Car Works of Pittsburg, Pa., for the Union Railway of Pittsburg, Pa., and completed during October, 1898. In working order the engine and tender weighs 334,000 pounds.

The smallest locomotive built for actual service of which there is any record, was built in Belgium and only weighed 2,420 pounds. The cylinders were 3[image: inline] x 6¼ inches, and diameter of driving wheels 15¼ inches. This locomotive, together with a car and one mile of portable track, was presented to the Sultan of Morocco, by the King of Belgium to be used in the gardens of the palace. This imperial toy had necessarily to be carried in pieces from the port of landing to the Capital by the primitive mode of freight transportation, the pack-saddle, the heaviest parts, the boiler and lower frame, weighing only 660 pounds.

This work does not treat upon electricity, but a history of the locomotive would be incomplete without reference to the electric locomotive now used on the B. & O. Ry. Therefore, we have shown a view of the engine, giving its principal dimensions and performances on page 503. While it is probable that electric locomotives will eventually supersede the steam engine, the development of electricity as applied to railways is yet in a crude form, and it will require many years to retire the steam locomotive from all kinds of service.


WHAT THE LOCOMOTIVE HAS DONE FOR AMERICA.*


In the course of three-quarters of a century, a vast wilderness on the American continent has been changed from gloomy, untrodden forests, dismal swamps and pathless prairies into the abode of a high civilization. Prosperous states teeming with populous towns, fertile farms, blooming gardens and comfortable homes have arisen from regions where formerly savage men and wild animals united to maintain sterile desolation. The most potent factor in the beneficent change effected has been the construction of railroads.

There are numerous navigable rivers and lakes furrowing the great continent, but geographically they are far apart, and there is no means of reaching vast regions except by land transportation.

Long before a railroad was built anywhere, American engineers and public men perceived the possibilities of the steam engine as a means of accelerating land travel, and this century was a very few years old when projects began to be agitated in different states, to construct railways or tramways, on which the steam engine could be employed as motive power.

More than a century has passed since Oliver Eames, the inventor of the high-speed, high-pressure steam engine, predicted that his engine would some day enable passengers to leave Washington after breakfast, dine in Philadelphia, and sup in New York. The distance is 229 miles, and it is now traversed by numerous express trains on the Pennsylvania and Baltimore & Ohio railroads in about five hours.

When Eames’ prediction was made, it took a week to travel over the atrocious roads that separated New York from Washington, and it seemed absurd to suppose that the journey could be made in a day; but Americans have always been very cordial in their welcome of improvements. They have always reposed great faith in the men who showed themselves capable of inventing or improving mechanical devices to lighten human toil or lessen animal drudgery. While the natural pessimist might say that the promised mechanical revolution smacked of the miraculous or bordered upon the ridiculous, the mass of the people were ardent believers that Oliver Evans’ prediction would come true, and their confidence inspired hope in others.

Before the first decade of this century closed there were steamboats plying on the Hudson, and their success brought new confidence to those who hoped to see the empty inland regions supplied with the means of transportation, that would encourage settlers to establish homes in the wilderness which constituted the greater portion of the United States territory. There was, therefore, little proselyting to do in favor of railroad construction.

When the era of railroad construction began, the aim at first was to connect industrial centers, or- to connect inland waterways with those of the seaboard. The joining of the leading cities by rail made the most rapid progress, and this had not been done to a great extent when the demand for high-speed trains arose.

The average American has always been in a hurry. He wants to do two days’work between each rising and settkirg of the sun. Any ordeal that keeps him idle or inert is particularly galling. No matter what improvements in the acceleration of transportation might be made, the mind of the traveler anticipates them. The canal boat was an improvement on walking, but the passenger was watching early and late, to see that the towing mules received due inspiration from the driver’s whip to make the best possible time. When the steamboat pushed canal travel to the rear, the American traveler was ready to see his hogs thrown into the furnace if it would add a few revolutions to the propelling-wheel. When railroads began to make better time than any other method of transportation, the busy man soon got to consider it intolerable that he should be kept one 'hour in a train when the run might have been made in fifty minutes.

The American locomotive, which was worked out on native lines, and would not have been greatly retarded in development had no railways been constructed in other countries, went through a remarkable brief period of evolution. Many people, all over the world, believe that the locomotive was invented and perfected by George Stephenson, and that the machine emerged from his hand a perfect engine. That is not true even regarding Great Britain. During the first decade after the opening of the Liverpool & Manchester Railway, a host of inventors labored to design a better locomotive than Stephenson had built, and many curious mistakes were made.

A story is told of Napier, a famous Scotch engineer, who had been invited to witness. a test of a locomotive designed by an ingenious individual shortly after the “Rocket” had won its first triumph. The inventor wished to interest capitalists in his engine, and tried to obtain Napier’s endorsement. He succeeded in bringing Napier into the presence of the capitalists, but when the attempt was made to have the engineer testify in favor of the engine, nothing was forthcoming but a succession of protesting grunts. Losing patience, the inventor exclaimed, “Well, you must admit that you saw the engine running.” “You may call that running,” was the reply; “all I saw was you fellows shovin’ her.”

We had the “shovin’ ” period in America, but it did not last long. Colonel Long, one of the most eminent pioneer civil engineers, designed a locomotive for the Baltimore & Ohio Railroad when competitive designs were still in order. In a speech made years afterwards, he admitted that his locomotive was not a success. “On the trial trip,” he remarked, “it took seven hours to run four miles, and we were moving all the time.”

This was our early evolution period, and it brought forth some engines that were fearfully and wonderfully made; but they served a useful purpose, since their designs stood forth as dreadful examples of what not to do.

The first form of successful locomotive consisted of a strong rectangular frame which carried the boilers and cylinders, and had fittings to keep the axles of two pairs of wheels in a parallel position. Although a crude machine, weighing little more than a modern fire-engine, it possessed all the essential elements of a modern locomotive. It was light, but the permanent way of our early railroads was relatively lighter. On this account, the first radical change in the pioneer locomotive was made. The purpose of the improvement was, to distribute the weight of the engine over a longer base, which was done by carrying the front end.of the locomotive on a four-wheel truck, or “bogie,” as it is called in Europe, and the back end upon the driving wheels. A single pair of driving wheels was for a short time popular; but experience soon demonstrated that two pairs coupled gave superior service. That constitutes what is now called the “American” locomotive, which is the representative type on this continent, and far outnumbers all other forms combined.

For the first twenty years of railway history, the train speed was very moderate, but at the end of that time an agitation arose for trains to be run at the ambitious speed of a mile a minute. The men in charge of the motive power of several railroads were ordered to build locomotives that would maintain this speed, and a variety of engines, with single drivers about 7 feet in diameter, were put into service. They could attain the required speed with a light train, where a Jong run could be made without checking speed; but that condition existed on very few railroads, and the big-wheeled engines soon fell into disrepute. They were too slow in making the numerous starts required.

Besides, the time for a mile-a-minute speed had not arrived. For the first fifty years of American railroad history, there were scarcely any stations or junctions protected by fixed signals. There were no continuous train brakes in use, and for a considerable part of that period there was no reliable system for regulating the movements of trains on the single track, which was almost universal. “Running by the smoke or headlight” was a common practice. By that practice, the safety of the train depended on the care and vigilance of the engineer, who avoided collisions by watching in daytime for the smoke of engines coming in the other direction, and at night kept a keen watch for the glare of an approaching headlight. The locomotive engineers, as our engine drivers are called, became wonderfully skillful in avoiding accidents, in early days of crude practice and appliances, and their successors are equally efficient under changed circumstances. The numerous responsibilities, the sudden calls to meet emergencies coolly and courageously, develop all the higher attributes of manhood. Under whatever name you find the men who run locomotives, they are reliable and trustworthy; no matter in what clime or country they may be met, close acquaintance will prove them, as a class, to be as manly and self-reliant as any other portion of the population.

The general application of the Westinghouse air brake to our passenger equipment prepared the way for our modern express trains. This began in 1873, and the merits of the invention were so quickly appreciated that the only restraint to its introduction was the limit of manufacturing facilities.

The traveling public understand that the Westinghouse air brake has promoted the safety of railway travel; but it requires the man who has run locomotives with defective means of stopping to fully realize the value of a good brake. When running at high speed in the anti-brake days, the writer used to feel that the driver was like the man who pulled the trigger of a rifle to send the ball into space. He could start it into speed, but he must wait for air friction, or the hitting of some object to stop it.

A first-class locomotive does not differ very much when found in England, the Continent of Europe, in India, or in America; but the special claim made in favor of American locomotives is that they are less complicated than anything to be found elsewhere. Then men who have been most influential in designing our motive power have nearly all run locomotives in their time, and they thoroughly appreciate the advantages of simplicity of parts, and providing every convenience for the men operating the machines. On all our modern locomotives, the engineer can reach every appliance used in operating the engine without moving from his seat or turning round. With this convenience, he need never divert his attention from watching for signals. This is strongly in contrast with many locomotives to be found in foreign countries. English locomotives are much more convenient than they used to be, but they do not compare favorably with American engines in this respect.



*Extract from article by Mr. Angus Sinclair in “Tail Mall Magazine.”



LOCOMOTIVE SLIDE VALVES.

The slide valves upon a locomotive which control the distribution of steam, receive their motion from eccentrics fastened to the main shaft or axle. An eccentric is a wheel or disc, having its axis placed out of its center and used for obtaining a reciprocating or alternate motion from a circular one or vice versa. The crank motion of the eccentrics being transmitted to the valves by the use of eccentric straps, blades, rocker arms, valve stems, etc.

The movement of the valve will be fully explained later on, but we shall first study the construction of the valve itself.

For many years the plain slide valve was considered the best form of valve for locomotive service. But of recent years, with the gradual and continued enlargement of the locomotive and the introduction of higher steam pressures the increased friction between the valves and their seats and the stresses imposed upon all the parts of the valve gear, together with the enormous power required of the engineer to reverse the engine, became a very serious problem, and the necessity for some means to reduce this increased friction became clearly apparent.

Reversing cylinders were suggested, but it was found that the friction could be reduced to a minimum by balancing the valve, or in other words, by removing the steam pressure from the top of the valve by mechanical means, and as a result innumerable forms of balance valves have been invented. A few of the best forms of these valves are in general use at the present time. While the various methods of balancing the valve are too numerous to -mention, few efforts have been made to change the face of the valve, which in most cases remains the same as the plain slide valve.

A supplementary port added to the plain slide valve and known as the “Allen Ported Valve” has been in use for a number of years, and is admitted to be a decided improvement to the plain slide valve, especially for high speeds. A few other forms of valves having supplementary ports and double openings are at present in use and promise good results.

We shall first confine our investigations to the plain slide valve, and afterwards to balanced valves.

THE PLAIN SLIDE VALVE.

INVENTION OF.

The slide valve in a crude form, was invented by Matthew Murray, of Leeds, England, toward the end of the eighteenth century. It was subsequently improved by James Watt, but the long D slide valve which we use at the present day, is credited to Murdock, an assistant of Watt. It came into general use with the introduction of the locomotive, although Oliver Eames, of Philadelphia, appears to have perceived its actual value, for he applied it to engines of his own build years before the locomotive era. But it was upon the locomotive that it clearly demonstrated its real value; its simplicity of construction and its durability together with the high speed at which it could be worked at once commended it to the designers of locomotives in those days, and although repeated efforts have been made to displace it, it is still employed in one or other of its many forms on a great majority of locomotives.

ELEMENTARY PRINCIPLES.

All slide valves must be capable of fulfilling the three following conditions, and if a slide valve cannot do this the engine will not work satisfactorily.

1st. Steam must be admitted into the cylinder at one end only at the same time.

2nd. It should permit the steam to escape from one end of the cylinder, at least as soon as it is admitted into the other end.

3rd. It should cover the steam ports so as not to allow steam to escape from the steam chest into the exhaust ports.

CONSTRUCTION OF THE PLAIN SLIDE VALVE.

Unless the reader has a thorough knowledge of what is meant by the technical terms, lead, lap, cut-off, compression, release, etc., he could not follow an explanation of the construction of the slide valve. We will, therefore, first explain what is meant by those terms, and afterward explain the construction of the valve.

MEANING OF LEAD, LAP, CUT-OFF, COMPRESSION, ETC.

The term “outside lap” or “inside lap” implies the amount on each side of the valve. The two outside edges of the valve are called the steam edges, and the two inside are called the exhaust edges.

“Outside lap,” frequently called steam lap, is that portion of the valve which overlaps the steam ports; when the valve stands central upon the valve seat, it is that part of the valve marked L and indicated by the space between lines A and B in Fig. 1.

“Inside lap” of a valve, sometimes called exhaust lap, exhaust cover, and inside cover, is that portion of the valve which over-laps the two bridges of the valve seat, when the valve stands central upon the seat; as shown in Fig. 1, and indicated by the space between lines D and E.

[image: figure]

“Inside clearance,” sometimes called negative exhaust lap, inside .lead, or exhaust lead, is no portion of the valve; but is the space between the inside edges of the exhaust arch and the bridges when the valve stands central upon the valve seat. As indicated by the space between lines C and D in Fig. 1. The term inside clearance means that amount on each side.

[image: figure]

“Cut-off” means the cutting off of live steam before the piston has completed its stroke, and thereby utilizing the expansive force of stea-sxi. The point of cut-off is reached when the steam edge of the valve completely closes the steam port, as shown in Fig. 2.

“Compression” means the cutting off of the exhaust steam before the piston has completed its stroke, to be compressed by the advancing piston, and its pressure increased to arrest the motion of the reciprocating parts. The point at which compression begins, is reached, when the inside; or exhaust edge of the valve, has completely closed the steam port and thereby cut-off the exhaust steam, as shown in Fig. 3.

[image: figure]

“Release or Exhaust” means the release of the expanded steam from the cylinder, this point is reached when the inside or exhaust edge of the valve opens the port and permits the steam to escape, as shown in Fig. 4, it is at this point the engine exhausts or puffs.

[image: figure]

“Expansion” means the expanding of the steam encased in the cylinder, and its time or duration lasts from the point of cut-off, Fig. 2, to the point of release or exhaust, Fig. 4. Therefore the space the valve travels during expansion equals the total of the outside and inside lap of the valve.

“Lead,” sometimes called steam lead, is no portion of the valve, it means the width of the opening of the steam port to admit steam into the cylinder when the piston is at the beginning of its stroke. It is indicated by the letter L in Fig. 5.

“Over travel” is the distance the steam edge of the valve travels after the steam port is wide open, as indicated by space between lines A and B in Fig. 6.

[image: figure]

“Travel,” stroke, or throw of the valve is the linear distance through which any part of it travels.

“Clearance". is all the waste space between the valve and the piston when the piston is at the beginning of a stroke.

“Seal” is an overlapping of the steam edges of the valve to prevent leakage.

[image: figure]

Now that the reader understands the technical definition of the terms lap, lead, etc., a further explanation of the reasons why the valve is given these functions becomes necessary.

THE EFFECT OF LIP.

When only one slide valve is used for the whole distribution of steam in one cylinder, as in locomotives, and the valve has no lap, we may justly name the form of such a valve a primitive one, because valves without lap, or only a trifling amount, about 1-16 of an inch, were used in locomotives years ago, when the great necessity for an early and liberal exhaustion was not so well understood as at present, the chief aim then being to secure a timely and free admission of steam. Such valves, as we have stated before, will admit steam during the whole length of the stroke, or, in other words, follow full stroke, and release the steam in one end of the cylinder at the same moment, or nearly so, that the steam is admitted into the other end; this is certainly no profitable way of using steam, for the following reasons: The process of exhausting steam requires time, and therefore the release of steam should begin in one end of the cylinder some time before steam is admitted into the other end, or, we may say, the steam which is pushing the piston ahead should be released before the end of the stroke has been reached. This cannot be accomplished with a valve having no lap, and, consequently, when such a valve is used, there will not be sufficient time for the exhausting of steam, thus causing considerable back pressure in the cylinder. In order to secure an early exhaust, lap was introduced; first [image: inline] of an inch lap was adopted, then ½ of an inch. But it soon became apparent that working the steam expansively (a result of lap, besides gaining an early exhaust) additional economy in fuel was obtained, hence the lap was again increased until it became [image: inline] of an inch, and, in some cases, 1 inch, and even more than this. At the present time the lap of a valve in ordinary locomotives with 17x24 inches, or 18x24 inch cylinders is [image: inline] to 1 inch, and, in a few cases slightly exceeding this. From these remarks we may justly conclude, that in these days, the purpose of giving lap to the valve, is to cause it to cut off steam at certain parts of the stroke of the piston, so that during the remaining portion of the stroke the piston is moved by the expansion of the steam. When steam is used in this manner, it is said to be used expansively.

THE EFFECT OF LEAD.

The valve is given lead in order that the steamport will have a greater opening at the beginning of the piston’s stroke. Where (the advocates of an early admission claim) it is mostly needed, it also permits of an earlier cut-off, increases compression, and helps to fill the waste volume of clearance. (See index for Lead.)

CONSTRUCTION OF THE VALVE SEAT, AND VALVE.

As the construction of a valve depends entirely upon the proportions of the valve seat, before we enter upon a more thorough study of the valve we will first call the reader’s attention to a few things to be considered when designing a valve, and afterward the various effects of lead, lap, travel, etc. We will then study the relative positions of the valve and piston and explain the correct manner to design a valve seat, the valve face and parts.

AREA OF STEAM PORTS.

The area of the steam port depends largely upon the speed and other requirements of the engine, and the dimensions of its other parts. Its area is next in importance to the cut-off, and it is considered the base from which all other dimensions are derived when proportioning a valve face and its seat. The higher the speed required the larger the port is made in order to secure a free admission and release. The proportions given in the following tables have been found to give good results. To find the proper area for a steam port multiply the area of the piston in square inches by the number opposite to the given piston speed.

The average piston speed for locomotives varies from 600 to 800 feet per minute.







	Speed of Piston
in feet
per minute.
	Number to
multiply by.



	100
	0.02



	200
	0.04



	300
	0.06



	400
	0.07



	500
	0.09



	600
	0.10



	700
	0.12



	800
	0.14



	900
	0.15



	1000
	0.17




Another rule for determining the area of the steam ports for locomotives is. given as follows: Multiply the square of the diameter of the cylinder by .078. The ports are usually made a length equal to the diameter of the cylinder, but the longer the port can be made the better the results it will give; as it gives a greater opening for admission and release, reduces the travel necessary for a full port opening and diminishes the area on the back of the valve, thereby requiring less power to move the valve. The steam ports in American locomotives are much larger than those used in English locomotives with the same size cylinders, and the advisability of reducing our port area has received considerable attention from American engineers during the past few months.

THE BRIDGES.

For the same reason the steam ports are made narrow, viz., to reduce the pressure required to move the valve. The bridges should also be made as narrow as possible, but they must be made strong enough to resist the highest pressure, therefore their proper width is considered equal to the thickness of the walls of the cylinder. Although they are usually made a little wider, yet the face may be beveled without materially affecting its strength and it must be remembered that a reduction of [image: inline] inch in its width, will reduce the width of the valve ¼ inch, thereby decreasing the area on top. The over-travel must be considered, and a sufficient surface left when the valve is at extreme travel, to make a steam tight joint; ¼ inch is considered sufficient. The wear must also be considered, too narrow a bridge would not maintain a steam tight joint. The width of the bridge is usually less than the steam port, on American locomotives they vary from 15-16 to 1¼ inch.

EXHAUST PORT.

The exhaust port should be more than twice as wide as the steam port, especially with over travel unless inside clearance is used, as you will see by referring to Fig. 6; otherwise it would cramp or choke the exhaust. But it should not be made too wide, as it will add unnecessarily to the size of the valve, and hence to the pressure upon it, which adds to the friction, wear and tear, of all the valve gear; further than this the size of the exhaust port or cavity has no influence upon the valve. The rule for finding the width of the exhaust port is as follows: Add the width of one steam port to one-half the travel of the valve, and from that amount subtract the width of one bridge. Another rule for determining the area of the exhaust port is to multiply the square of the diameter of the cylinder by .178.

LONGITUDINAL WIDTH OF VALVE SEAT.

Except when Allen or special valves are used, the width of the valve seat is not particular; but if possible, it should be made wide enough to permit of a surface for the valve equal to the width of one bridge when the valve is at extreme travel as shown in Fig. 6; unless that would permit of a shoulder being worn on the seat when engine is hooked up in working notch, which should be avoided.

EFFECT OF LEAD LAP, ETC.

If the valve has neither inside lap, nor inside clearance, the exhaust arch should be the width of both bridges and exhaust port. If the valve has no outside lap there would be no cut-off or expansion. If the valve had no inside lap, compression at one end and release at the other would be simultaneous. If the valve had no lap or lead the eccentric should be at right angle with the crank pin.

The more “outside laf” the valve has, the greater the throw required and the later the admission of steam takes place, it also hastens the cut off and prolongs expansion, and necessarily shortens the period the port is open. Outside lap has no effect on compression or exhaust.

“Inside lap” prolongs the period of expansion, hastens compression and thereby increases it. It retards and tends to choke the exhaust, but has no effect upon steam admission or point of cut-off.

“Inside clearance” or negative inside lap, delays compression, but hastens the exhaust release, thereby making a quicker engine, but has no effect upon the cut-off or point of admission. With inside clearance the point of compression and release as shown in Fig. 7 would be reversed, release taking place before compression. The evil effects of inside clearance in connecting the opposite ends of the cylinder can be overcome by adding an equal amount to the exhaust edge of the valve lip.

The least “travel” that will give a full port opening equals twice the outside lap of the valve, plus twice the steam port width. One-half the travel of the valve should always be less than the width of the lap the steam port and the bridge added together. In order to keep the steam port wide open during any portion of the stroke the travel must be greater than the sum of the outside lap and the width of both steam ports, this is usually done on the locomotive. The more travel the valve has the longer the steam port will remain open therefore the freer the steam admission.

“Over travel” tends to choke the exhaust, increases the sharpness of the cut-off, retards compression and gives a later release. In order to secure sufficient port openings with an early cut-off it is necessary to give over travel at other points. When the cut-off occurs too late by reason of over travel you can remedy the evil effects by increasing the outside lap. And delayed compression may be neutralized by increasing the inside lap, if the exhaust takes place too late cut out the inside lap, if there, is none, give the valve inside clearance.

“Lead” increases as the cut-off is made earlier; this is done by bringing the reverse lever nearer the center notch, and is caused by the radius of the link (as explained in Link Motion). Increased lead hastens every operation of the valve. The greater the speed the more lead is required to permit of smooth running. (See Rule 31 for Valve Setting.)

“Clearance” is given to prevent the piston from striking either cylinder head in the event of lost motion in the main rod; it also helps to prevent bursting the cylinder when there is water in it. Clearance lessens the actual expansion rate owing to its waste space, but it also economizes on live steam, no engine can be. constructed without some waste space between the valve and piston.

The “Angularity” of the connecting rod increases the lead in front and decreases it behind. It retards the cut-off and exhaust in front and hastens each behind. This evil is overcome by back-setting the saddle pift (see Link Motion, and Angularity of main rod).

MERITS OF THE SLIDE VALVE.

A slide valve, its seat and parts should be so proportioned'that steam be admitted in sufficient volume at the beginning of the piston stroke, that the cut-off takes place at the earliest point at which the engine can develop required power, that release occurs at the latest point consistent with the speed required and before admission at the other end. That the exhaust closure be at that point at which compression shall be sufficient to arrest the motion of the reciprocating parts, and it may be nearly, or quite equal to the initial boiler pressure.

RELATIVE POSITIONS OF THE VALVE AND PISTON.

It is now time the reader should familiarize himself with the constantly changing positions of the valve and piston. But as we shall see later the motion of the piston is not symmetrical which is wholly due to the varying angularity of the main rod, so we shall first study the different positions of the crank pin during the various operations of the valve, and after we know the relative positions of the valve and crank pin we will study the relative positions of the crank pin and piston. In order to illustrate this subject clearly we have adopted four diagrams, most of the parts being represented by their center lines and center points only, in order to make them as plain as possible the dimensions used for these illustrations are 18x24 inch cylinders; steam ports, 1¼ inches; exhaust port, 2¾ inches; bridges, 1[image: inline] inches; outside lap, 13-16 of an inch; inside jap, 1-16 of an inch; travel of valve, 5 inches. The diagrams representing full gear; the small arrows of these diagrams indicate the direction the pin is moving, and the larger dotted circle represents the path of the center of the crank pin, and the small dotted circle the path of the center of the eccentric.

Fig. 7 shows the valve at the point of lead opening, which was more clearly shown in Fig. 5. Now we find the crank pin is slightly above the forward dead center and almost at the beginning of a stroke, and the engine is beginning to take steam in the forward end of the cylinder.

Fig. 8 shows the valve at the point of cut-off as was shown by Fig. 2. We find the crank pin has traveled about three-fourths of its stroke and during that time the forward steam port remained open for the free admission of steam. At this point live steam is cut-off and the steam in the cylinder begins to expand.

Fig. 9 shows the point of compression, which was also shown by Fig. 3. At this point the exhaust edge of the valve closes the back steam port which you will notice has been open to the exhaust prior to the beginning of this stroke. The unexhausted steam that yet remains in the cylinder must now be compressed by the advancing piston until the piston has completed its stroke which will not be until the piston has reached .the back dead center; but we find the crank pin is yet some distance below the back center, yet closer to it than it was at the point of cut-off.
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Fig. 10 shows the valve at the point of release, as was shown in Fig. 4. At this point we.find the exhaust edge of the valve releases the steam from the forward end of the cylinder where we have seen it was admitted during three-fourths of this same stroke, until the valve had reached the point of cut-off where expansion began. Therefore we find that expansion lasts only from the point of cut-off to the point of release and as the crank pin has not yet reached the back dead center, we find that expansion lasts during the very small portion of the piston’s stroke. Now you will notice that while the crank pin continues in the same rotary motion the motion of the valve has been reversed (it was reversed before the point of cut-off was reached); and it is now about ready to take steam at the back steam port, which it will do slightly before the crank pin reaches the back center as it did for this stroke before the pin reached the forward center. Then each operation of the valve will be repeated in the return stroke as they were in this stroke. The reader who has carefully studied the different positions of the crank pin in the four preceding diagrams will readily understand the construction of Fig. 11, which combines all the positions of the crank pin shown in the preceding cuts and also the positions for the return stroke. The dotted circle represents the path of the center of the crank pin.

[image: figure]

A indicates the point of admission as shown by Fig. 7.

B indicates the point of cut-off as shown by Fig. 8.

C indicates the point of compression as shown by Fig. 9.

D indicates the point of release as shown by Fig. 10.

A1 indicates the point of admission for the return stroke.

B1 indicates the point of cut-off for the return stroke.

C1 indicates the point of compression for the return stroke.

D1 indicates the point of release for the return stroke.

Now while admission must always precede every other operation of the valve, you will notice by Fig. 11, that it is the last operation in each stroke and takes place slightly before the beginning of each stroke; this is caused by giving the engine lead and the distance the crank pin will be from each dead center at the point of lead opening will be in proportion to the amount of lead given. If the valve has inside clearance instead of inside lap the points B and C and B1 and C1 would be reversed; while if the valve was line and line inside, release at one end and compression at the other would be simultaneous. As the reverse lever is drawn closer to the center notch each operation of the valve takes place earlier in the stroke.

RELATION BETWEEN MOTION OF CRANK-PIN AND MOTION
OF PISTON.*

Now, since the aim of giving lap to a valve is to cause it to cut off steam at designated parts of the stroke of the piston, it will be necessary first to study the existing relation between the motion of the crank-pin and the motion of the piston.

In order to illustrate this subject plainly, we have adopted in Fig. 12a shorter length for the connecting-rod, than is used in locomotives.

The circumference of the circle A B M D, drawn from the center of the axle, and with a radius equal to the distance between the center of axle and that of the crank-pin, represents the path of the latter. We will assume that the motion of the crank-pin is uniform, that is, that it will pass through equal spaces in equal times. The direction in which the crank-pin moves is indicated by the arrow marked 1, and the direction in which the piston moves is indicated by arrow 2.

In order to trace the motion of the piston it it not necessary to show the piston in our illustration, because the connection between the crosshead pin P and the piston is rigid; hence, if we know the motion of one of these we also know the motion of the other; they are alike.

The line A C represents the line of motion of the center of cross-head pin P, consequently no matter what position the crank may occupy, the center P will always be found in the line A C . The semi-circumference A B D will be the path of the center of the crank-pin P during one stroke of the piston; the point A will be the position of the crank at the beginning of the stroke, and B the position of the same at the end of the stroke. The semi-circumference A B D is divided into 12 equal parts, although any other number would serve our purpose as well. The distance between the centers D and P represents the length of the connecting-rod.

From the point A as a center, and with a radius equal to D P (the length of the connecting-rod) an arc has been drawn, cutting the line A Cin the point a; this point is the position of the center P of the crosshead pin, when the center of the crank is at A. Once more, from the point 1 on the semi-circumference as a center and with the radius D P, another arc has been drawn cutting the line A C in the point 1p, and this point indicates the position of the crosshead pin when the crank-pin is at the point i. In a similar manner the points 2p, 3p, 4p, etc., have been obtained, and these points indicate the various positions of cross-head pin when the crank-pin is in the corresponding positions as 2, 3, 4, etc.

Now notice the fact that the spaces from A to 1 and from 1 to 2, etc., in the semi-circumference A B D are all equal, and the crank-pin moves through each of these spaces in equal times, that is, if it requires one second to move from A to 1, it will also require one second to move from 1 to 2. The corresponding spaces from a to 1p and from 1p to 2p, etc., on the line A C are not equal, and yet, the crosshead pin must move through these spaces in equal times; if it requires one second to move from a to 1p, it will also require one second to move from 1p to 2p. But this last space is greater than the first. Here, then, we see that the crosshead pin, and therefore the piston, has a variable motion, that is, the piston will, at the commencement of its stroke, move comparatively slow, and increase in speed as it approaches the center of the stroke, and when the piston is moving away from the center of stroke, its speed is constantly decreasing. This variable motion of the piston is mostly caused by changing its rectilinear motion into a uniform rotary motion, and partly by the angle formed by the center line D P of the connecting-rod and the line A C, an angle which is constantly changing during the stroke. Also notice that the distance from a to 1p nearest one end of the stroke is smaller than the distance from b to 11p nearest the other end of the stroke, and if we compare the next space 1p to 2p with the space 11p to 10p, we again find that the former is smaller than the latter, and by further comparison we find that all the spaces from a to 6p are smaller than the corresponding spaces from b to 6p, and consequently when the crank-pin is at point 6, which is the center of the path of the crank-pin during one stroke, the crosshead pin P will be at 6p and not in the center of its stroke. Thus we see that the motion of the piston is not symmetrical, and this is wholly due to the varying angularity of the connecting-rod during the stroke. If we make the connecting-rod longer, but leave the stroke the same, the difference between the spaces b to 11p and a to 1p will be less, and the same can be said of the other spaces. Again, if we consider the length of the connecting-rod to be infinite, then the difference between the spaces nearest the ends of the stroke will vanish, and the same result is true for the other spaces. Hence, when the length of the connecting-rod is assumed to be infinite the motion of the piston will be symmetrical, but stilJ remain variable, in fact the piston will have the same motion as that shown in Fig. 13. In this figure we have dispensed with the connecting-rod, and in its place extended the piston-rod, and to its end a slotted crosshead is attached in which the crank-pin is to work. Although such mechanism is never used in a locomotive, yet with its aid we can establish a simple method for finding the position of the piston when that of the crank is known. In this figure, as in Fig. 12, the circumference A B D M will represent the path of the center of the crank-pin, and from the nature of this mechanism it must be evident that at whatever point in the circumference A B D M the crank-pin center may be located, the center line i h, of the slotted crosshead will always stand perpendicular to the line A C, and also pass through the center of crank-pin.
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In Fig. 13, when the crank-pin is at A, the piston will be at the commencement of its stroke. During the time the crank-pin travels from A to point 8 the piston will travel through a portion of its stroke equal to the length A E, which is the distance between the dotted line i h and the full line i h. If now we assume the points 1, 2, 3, etc., in the semi-circumference A B D to be the various positions of the crank-pin during one stroke, and then drawn through these points lines perpendicular to the line A C, cutting the latter in the points 1p, 2p, 3p, we obtain corresponding points for the position of the piston in the, cylinder. Thus, for instance, when the crank-pin is at point 1 the piston will then have moved from the commencement of its stroke through a distance equal to A 1p and when the crank-pin is at point 2, the piston will then have traveled from A to 2p, and so on.

From the foregoing, we can establish a simple method, as shown in Fig. 14, for finding the position of the piston when that of the crank is known. The diameter, A B, represents the stroke of the piston, and the semi-circumference A B D represents the path of the center of the crank-pin during one stroke. For convenience, we may divide the diameter into an equal number of parts, each division indicating one inch of the stroke. In this particular case (Fig. 14), we have assumed the stroke to be 24 inches; hence the diameter has been divided into 24 equal parts. Let the arrow indicate the direction in which the crank is to turn, and A  the beginning of the stroke; then, to find the distance through which the piston must travel from the commencement of its stroke during the time that the crank travels from A to b, we simply draw through the point b a straight line b c perpendicular to A B; the distance between the line b c and the point A will be that portion of the stroke through which the piston has traveled, when crank-pin has reached the point b. In our figure we notice that the line b c intersects A B in the point 6; hence the piston has traveled six inches from the commencement of the stroke.

[image: figure]

If this method of finding the position of the piston, when that of the crank is known, is thoroughly understood, then the solutions of the following problems relating to lap of the slide valve will be comparatively easy:

PROBLEMS RELATING TO LAP OF THE SLIDE VALVE.

To find the point of cut-off when the lap and travel of the valve are given, the valve to have no lead.

Example 18.—Lap of valve is one inch; travel, 5 inches; no lead; stroke of piston, 24 inches. At what part of the stroke will the steam be cut off?

We must first find the center c, Fig. 15, of the circle a b m, whose circumference represents the path of the center of eccentric, and this is found, as the reader will remember, by placing the valve in a central position, as shown in dotted lines in this figure. Then the edge c of the valve will be the center of the circle. The valve drawn in full lines shows its position at the commencement of the stroke of piston. Through the edge c2 draw the line i h perpendicular to the line A B; the line. i h will intersect the circumference a b m m the point y, and this point

[image: figure]

will be the center of eccentric when the piston is at the beginning of its stroke. Now, assume that the circumference a b m also represents, on a small scale, the path of the center of the crank-pin; then the diameter y x of this circle will represent the length of the stroke of the piston; the position of this diameter is found by drawing a straight line through the point y (the center of the eccentric when the piston is at one end of its stroke) and the center c. Also assume that the point y represents the center of the crank-pin when the piston is at the beginning of its stroke. To make the construction as plain as possible, divide the diameter y x into 24 equal parts, each representing one inch of the stroke of piston, and for convenience number the divisions as shown. The arrow marked 1, shows the direction in which the valve must travel, and arrow 2 indicates the direction in which the center y must travel. Now it must be evident, because the points y1   and C2   will always be in the same line, that during the time the center y of the eccentric travels through the arc y g, the valve not only opens the steam port, but, as the circumference a b m indicates, travels a little beyond the port, and then closes the same, or, in short, during the time the center of eccentric travels from y to g, the port has been fully opened and closed; and the moment that the center of eccentric reaches the point g, the admission of steam into the cylinder is stopped. We have assumed that the point y also represents the position of the center of crank-pin at the beginning of the stroke; and, since the crank and eccentric are fastened to the same shaft, it follows that during the time the center of eccentric travels’from y to g the crank-pin will move through the same arc, and when the steam is cut off the crank-pin will be at the point g. Therefore, through the point g draw a straight line g k perpendicular to the line y x; the line g k will intersect the line x in the point k, and this point coincides with the mark 20; hence steam will be cut off when the piston has traveled 20 inches from the beginning of its stroke.

LEAD WILL EFFECT THE POINT OF CUT-OFF.

In Fig. 15 the valve had no lead; if, now, in that figure, we change the angular advance of the eccentric so that the valve will have lead, as shown in Fig. 16, then the point of cut-off will also be changed. How to find the point of cut-off when the valve has lead, is shown in Fig. 16.

Example 19.—The lap of valve is 1 inch, its travel 5 inches; lead ¼ of an inch (this large amount of lead has been chosen for the sake of clearness in the figure); stroke of piston, 24 inches; at what part of the stroke will the steam be cut off?

On the line A B, Fig. 16, lay off the exhaust and steam ports; also on this line find the center c of the circle a b m in a manner similar to that followed in the last construction, namely, by placing the valve in a central position, as shown by the dotted lines, and marked D, and then adopting the edge c of the valve as the center of the circle a b m; or, to use fewer words, we may say from the outside of the edge s of the steam port, lay off on the line A B a point c whose distance from the edge s will be equal to the lap, that is, 1 inch. From c as a center, and with a radius of 2½ inches (equal ½ of the travel), describe the circle a b m, whose circumference will represent the path of the center of eccentric. The lead of the valve in a locomotive is generally 1-32 and sometimes as much as 1-16 of an inch, when the value is in full gear, but for the sake of distinctness we have adopted in this construction a lead of ¼ of an inch. Draw the section of the valve, as shown in full lines, in a position that it will occupy when the piston is at the beginning of its stroke, and consequently the distance between the edge c2 of the valve and the edge s of the steam port will, in this case, be ¼ of an inch. Through e2 draw a straight line perpendicular to A B, intersecting the circumference a b m in the point y; this point will be the center of the eccentric when the piston is at the beginning of its stroke, and since it is assumed that the circumference a b m also represents the path of. the center of the crank-pin, the point y will also be the position of the same when the piston is at the commencement of its stroke. Through the points y and c draw a straight line y x, to represent the stroke of the piston, and divide it into 24 equal parts. Through the point s draw a straight line perpendicular to A B, intersecting the circumference a b m in the point g, and through g draw a straight line perpendicular to y x, and intersecting the latter in the point k; this point will be the point of cut-off, and since the distance between the point k and 19 is about [image: inline] of the space from 19 to 20, we conclude that the piston has traveled 19[image: inline] inches from the beginning of its stroke when the admission of steam into the cylinder is suppressed.
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Here we see that when a valve has no lead, as in Fig. 15, the admission of steam into the cylinder will cease when the piston has traveled 20 inches; and when the angular advance of the eccentric is changed, as in Fig. 16, so that the valve has ¼ of an inch lead, the point of cut-off will be at 19[image: inline] inches from the beginning of the stroke, a difference of [image: inline] of an inch between the point of cut-off in Fig. 15 and that in Fig. 16. But the lead in locomotive valves in full gear is only about 1-32 of an inch, which will affect the point of cut-off so very little that we need not notice its effect upon the period of, admission, and, therefore, lead will not be taken into consideration in the following examples.

THE TRAVEL OF THE VALVE WILL AFFECT THE POINT
OF CUT-OFF.

Fig. 17 represents the same valve and ports as shown in Fig. 15, but the travel of the valve in Fig. 17 has been increased to 5¾ inches. The point of cut-off k has been obtained by the same method as that employed in Figs. 15 and 16, and we find that this point k coincides with point 21. Now, notice the change caused by an increase of travel. When the travel of the valve is 5 inches, as shown in Fig. 15, the admission of steam into the cylinder will cease when the piston has traveled 20 inches from the commencement of its stroke', and when the travel of the same valve is increased ¾ of an inch, as shown in Fig. 17, the admission of the steam will not be suppressed until the piston has traveled 21 inches. Here we notice a difference of 1 inch between the two points of cut-off. But it must .be remembered that when the travel of a valve for a new engine is to be found or established, the point of cut-off does not enter the question; we simply assign such a travel to the valve that steam ports will be fully opened, or slightly more, when the valve is in full gear. The point of cut-off is regulated by the lap and position of the eccentric.
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In order to find the point of cut-off it is not necessary to make a drawing of the valve, as has been done in Fig. 15. The only reason for doing so was to present the method of finding the point of cut-off to the beginner in as plain a manner as possible. In order to show how such problems can be solved without the section of the valve, and, consequently, with less labor, another example, similar to Example 18, is introduced.

Example 20.—Lap of valve is 1[image: inline] inches; travel, 5½ inches; stroke of piston, 24 inches; width of steam port, 1¼ inch; find the point of cut-off.

Fig. 18. Draw any straight line, as A B; anywhere on this line mark off 1¼ inch, equal to the width of the steam port. From the edge s of the steam port lay off on the line A B a point c, the distance between the points s and c being if inches; that is, equal to the amount of lap. From c as a center, and with a radius equal to half the travel, namely, 2¾ inches, draw a circle, a b m; the circumference of this circle will represent the path of the center of the eccentric, and also that of the crank-pin. Through s draw a straight line i h perpendicular to A B; this line i h will intersect the circumference a b m in the points y and g. Through the points y and c draw a straight line y x; the diameter y x will represent the stroke of the piston. Divide y x into 24 equal parts; through the point g draw a straight line g k perpendicular to y x, and intersecting y x in the point k, and this point is the point of cut-off. Since k coincides with the point 18, it follows that the piston had traveled 18 inches from the beginning of its stroke when the flow of the steam into the cylinder ceased.

Now we may reverse the order of this construction and thus find the amount of lap required to cut off steam at a given portion of the stroke.
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Example 21.—Travel of valve is 5¾ inches; stroke of piston, 30 inches; steam to be cut off when the piston has traveled 22 inches from the beginning of the stroke; width of steam port, 1[image: inline] inch; find the lap.

Fig. 19. Draw a circle a b m whose diameter is equal to the travel of the valve, viz., 5¾ inches. Through the center c draw the diameter y x. In this figure we have drawn the line y x vertically, which was done for the sake of convenience; any other position for this line will answer the purpose equally well. The circumference a b m represents, the path of the center of the eccentric, also that of the crank-pin; the diameter y x will represent the stroke of the piston, and, therefore, is divided into 30 equal parts. The steam is to be cut off when the piston has traveled 22 inches from the beginning of the stroke, therefore, through the point 22 draw a straight line g k perpendicular to y x, the line g k intersecting the circumference a b m in the point g. Join the points y and g by a straight line. Find the center s of the line y g, and through s and perpendicular to the line y g, draw the line A B; if the Tatter line is drawn accurately it will always pass through the center c. The distance between the points s and c will be the amount of lap required, and in this example it is 17-16 inch.

It sometimes occurs, in designing a new locomotive, and often in designing stationary or marine engines, that only the width of steam port and point of cut-off is known, and the lap and travel of the valve is not known. In such cases both of these can be at once determined by the following method:
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Example 22.—The width of the steam port is 2 inches; the stroke of piston, 30 inches; steam to be cut off when the piston has traveled 24 inches from the beginning of its stroke; find the lap and travel of the valve.

Fig. 20. Draw any circle, as A B M, whose diameter is larger than what the travel of the valve is expected to be. Through the center c draw the diameter y x, and, since the stroke of piston is 30 inches divide y x into 30 equal parts. Steam is to be cut off when the piston has traveled 24 inches; therefore, through point 24 draw a straight line g k perpendicular to the diameter y x, intersecting the circumference A B M m the point g. Join the points y and g by a straight line; through the center s of the line y g draw a line A B perpendicular to y g. So far, this construction is precisely similar to that shown in Fig. 19, and in order to distinguish this part of the construction from that which is to follow, we have used dotted lines; for the rest full lines will be used. It will also be noticed by comparing Fig. 20 with Fig. 19 that, if the diameter A B had been the correct travel of valve, then c s would have been the correct amount of lap. But we commenced this construction with a travel that we know to be too long; hence, to find, the correct travel and lap, we must proceed as follows: Join the points B and y. From s toward B, lay off on the line A B a point b; the distance between, the points s and b must be equal to the width of the steam port plus the amount that the valve is to travel beyond the steam port, which, in this example, is assumed to be [image: inline] of an inch. Therefore the distance from s to b must be 2[image: inline] inches. Through b draw a straight line b y2 parallel to B y, intersecting the line y g in the point y2. Through the point y2 draw a straight line y2 x2 parallel to the line y x, and intersecting the line A B in the point c2. From c2 as a center, and with a radius equal to c2 or c2 y2, describe a circle a b y2. Then a b will be the travel of the valve, which, in this case, is 7[image: inline] inches, and the distance from c2 to s will be the lap, which, in this example, is 1 11-16 inch.

PRACTICAL CONSTRUCTION OF THE SLIDE VALTE.

It should be obvious, and, therefore, almost needless to remark here, that the foregoing graphical methods employed in the solutions of the problems relating to the slide valve are applicable to everyday practice, the writer believes that these methods are the simplest and best to adopt for ordinary use, and without these it would be difficult to construct a valve capable of performing the duty assigned to it. Of course, when a graphical method is employed, great accuracy in drawing the lines is necessary.

We will give a practical example, in which one of the objects aimed at, is to show the application of one of the foregoing methods to ordinary practice.

Example 23.—The width of the steam ports is 1¼ inch; length of the same 14 inches; thickness of bridges 1[image: inline] inch; width of exhaust port 2½ inches; travel of valve 4¾ inches; stroke 24 inches; steam to be cut off when the piston has traveled 20¾ inches from the beginning of its stroke; the edges of the exhaust cavity are to cover the steam ports, and not more, when the valve stands in a central position; construct the valve.

Fig. 21. Draw a straight line A B to represent the valve-seat through any point in A B; draw another line D C perpendicular to A B; the line D C is to represent the center of exhaust pori and the center of valve. Draw the exhaust port, bridges and steam ports as shown.

The question now arises: How long shall we make the valve ? Or, in other words, what shall be the distance between the outside edges of the valve c and c2 ? If the valve had to admit steam during the whole stroke of the piston, or as the practical man would say, “follow full stroke,” then the distance between the edges c and c2 would be equal to the sum of twice the width of one steam port plus twice the width of one bridge plus the width of the exhaust port, hence we would have [image: inline] inches for the length of the valve. But, according to the conditions given in the example, the valve must cut off steam when the piston has traveled 20¾ inches, therefore the valve must have lap, and the amount of lap that is necessary for this purpose must be determined by the method shown in Fig. 19, and given in connection with Example 21. Following this method, we find that the required lap is [image: inline] of an inch, therefore the total length of the valve will be [image: inline] inches; or, we may say, that the distance between the edges c and c2 must be equal to twice the width of one steam port plus twice the width of one bridge plus the width of the exhaust port plus twice the lap, consequently we have [image: inline] inches for the length of the valve. Through the points c and c2 (each point being placed 4½ inches from the center line C D), draw lines perpendicular to A B; these lines will represent the outside surfaces containing the edges c and c2. These surfaces must be square with the surface A B, because, if they are not so, but are such as shown in Fig. 24, the distance between the edges c and c2 will decrease as the valve wears, and when this occurs, the valve will not cut off the steam at the proper time. Now, in regard to the cavity of the valve. One of the conditions given in our example is, that the edges of the cavity must cover the steam ports, and no more, when the valve stands in a central position, therefore the inner edges i and i2 of the valve must be 4¾ inches apart, which is equal to twice the width of one bridge plus the width of the exhaust port; consequently, when the valve stands midway of its travel, the inner edges of the valve (being 4¾ inches apart), the inner edges of the steam ports coincide. Through the points i and i2 (each being placed 2¾ inches from the center line C D), draw the straight lines i e and i2 e2 perpendicular to A B. These lines will represent the sides of the cavity containing the inner edges i and i2 of the valve, and these sides must be square with the surface A B; if these are otherwise, for instance, such as shown in Fig. 24, the distance between the edges i and i2 will change as the valve wears, and then the valve will not perform its duty correctly. The depth d d2 of the cavity is generally made from 1¼ to 1½ times the width of the exhaust port. The writer believes that making the depth of the cavity 1½ times, the width of the exhaust port is the best practice. In our example the width of the exhaust port is 2½ inches, and [image: inline] inches, which will be the distance from d to d2, that is, the depth of the cavity. The curved surface of the cavity is generally a cylindrical surface, and when it is so, as in our example, this surface must be represented in Fig. 21 by an arc of a circle. The sides i e and i2 e2 must be planed, and to do this conveniently, these sides must extend a little beyond the curved surface, toward the center C D. Consequently, through the point d2 draw an arc whose center is in the line C D, and whose radius is such that will allow the sides to project about 1-16 of an inch. Here, then, we have lines which completely represent the cavity of the valve and the valve face. If we now add to these lines the proper thickness of metal as shown in Fig. 22, this section of the valve will be complete.
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Fig. 23 shows a section of the valve taken at right angles to that shown in Fig. 22. Since the ports are 14 inches long, the cavity of the valve must be 14 inches wide, as shown. The amount that the valve overlaps the ends of the steam ports must be sufficient to prevent leakage. For a valve of the size here shown, i inch overlap is allowed, and the thickness of metal around the cavity is generally one-half of an inch. For smaller valves the overlap at each end of the steam port is from ¾ to [image: inline] of an inch, and the thickness of metal around the cavity is ¾ of an inch.

The valve here shown is suitable for a locomotive cylinder 16 inches in diameter, and a piston speed of 525 feet per minute, and the.dimensions here given agree with those of the valves that are at present in use.

INSIDE LAP, CLEARANCE, AND INSIDE LEAD.

Now, a few words in regard to some other terms used in connection with the slide valve.

Inside Lap. — The amount that the inside edges i and i2 of the valve, Fig. 25, overlap the inside edges s and s2 of the steam ports, when the valve stands midway of its travel, is called inside lap; thus, the distance from s to i, or from s2 to i2, represents the inside lap. Its purpose is to delay the release of steam.

[image: figure]

[image: figure]

The amount of inside lap is comparatively small, rarely exceeding [image: inline] of an inch, and in a number of locomotives the valves have no inside lap. Rules for determining the inside lap cannot be given, because engineers do not agree on this subject. The writer believes that for slow-running locomotives, particularly if these have to run over steep grades, a little inside lap will be beneficial. For ordinary passenger locomotives, running on comparatively level roads, no inside lap should be used.

Inside Clearance. — When the valve stands midway of its travel, as shown in Fig. 26, and its inside edges i and i2 do not cover the steam ports, then the amount by which each edge of the valve comes short of the inner edges of the steam ports is called inside clearance; thus, the distance from i to s, or from i2 to s2, represents inside clearance. The purpose of inside clearance is to hasten the release, and is sometimes adopted in very fast-running locomotives. It seldom exceeds 1-64 of an inch. Good judgment and great experience are required for determining the amount of clearance, and for deciding for what classes of locomotives it should be used. In ordinary passenger locomotives the valves have no inside clearance.

[image: figure]

The width of opening of the steam port for the release of steam at the beginning of the stroke is called inside lead; thus, when the piston is at the beginning of its stroke, and the valve occupying the position as shown in Fig. 27, then the distance between the inner edges i2 of the valve and the inner edge s2 of the steam port is called inside lead. The simple terms “lead” and “lap” are used among engineers to designate outside lead and lap; hence, the necessity of using the terms “inside lead” and “inside lap” when such is meant.

THE EVENTS OF THE DISTRIBUTION OP STEAM.

In the distribution of steam during one revolution of the crank, four distinct events occur, namely:

1st. The admission of steam.

2d. The cutting off, or, in other words, the suppression of steam.

3d. The release of steam.

4th. The compression of steam.

The outside edges c2 and c3 of the valve, and the outside edges o and o2 of the steam ports, will regulate the admission and suppression of steam; the inner edges i and i2 of the valve and the inner edges s and s2 of the steam ports control the release and compression of steam. The parts of the stroke of the piston during which these events will happen can be found by the following methods:

 Example 24.— Travel of valve, 5 inches; lap, 1 inch; lead, ¼ of an inch; stroke of piston, 24 inches; no inside lap or clearance. Find at what part of the stroke the admission, suppressior release and compression will take place.
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In Figs. 27, 28 and 29 the valve occupies different positions, but the sections of the valve in these figures are exactly alike, because they represent one and the same valve. In Fig. 27 the distance between the edge c2 of the valve and the edge o of the steam port is ¼ of an inch, which is the amount of lead given in our example; hence, this position of the valve indicates that the piston is at the beginning of its stroke. In Fig. 28 the edge e2 o of the valve and the edge o of the steam port coincide, and, since the valve is moving in the direction indicated by arrow 2, the suppression commences, or, in other words, the valve is cutting off steam when it is in the position as here shown. In Fig. 29 the inside edge i of the valve coincides with the inner edge s of the steam port, and, since the valve is moving in the direction indicated by arrow 2, the release must commence when the valve arrives in the position here shown.

[image: figure]

In Figs. 27, 28 and 29 the distances from the outside edge 0 of the steam port to the center c of the circle a b m are equal; that is, the points c and o are one inch apart, which is the amount of lap. The diameters of the circles a b m are all five inches long, which is the travel of the valve given in the example, and the circumference of each circle represents the path of the eccentric, and also the path of the center of the crank-pin. The point y in these figures represents the position of the center of eccentric when the piston is at the beginning of its stroke. The distance between the point y and m is the same in all figures, and consequently the angles formed by the lines y x and A B are equal.

When the valve occupies the position as represented in Fig. 27, the center of crank-pin will be in the line A B, and since the piston will then be at the beginning of its stroke, it follows that the line A B will indicate the direction in which the piston must move. In order to compare the relative position of the piston with that of the valve with as little labor as possible we shall assume that the direction in which the piston moves is represented by the line y x, instead of the line A B; hence the point y will not only show the position of the center of the eccentric, but it will also indicate the position of the center of the crank-pin when the piston is at the commencement of its stroke. If these remarks are thoroughly understood, there will be no difficulty in comprehending that which is to follow.

Now let us trace the motions of the valve and piston and thus determine at what part of the stroke the events (previously named) will take place. When the piston is moving in the direction as indicated by the arrow marked 1, Fig. 27, the center of eccentric will move through part of the circumference a b m, and the valve will travel in the direction indicated by the arrow 2, and thus opening the steam port wider and wider until the end b of the travel is reached; then the valve will commence to return, and as it moves toward the center c, the steam port gradually closes, until the valve reaches the position as shown in Fig. 28, then the steam port will be closed and steam cut off. To find the position of the piston when the valve is cutting off steam, we draw through the edge c2 of the valve, Fig. 28, a straight line c2 g, perpendicular to A B, and intersecting the circumference a b m in the point g; through this point draw a line perpendicular to y x intersecting the latter in the point k, and this point k being 19J inches from y indicates that the piston has traveled 19[image: inline] inches from the beginning of its stroke before the steam is cut off, and that steam has been admitted into the cylinder during the time the piston traveled from y to k. As the piston continues to move toward the end x of the stroke the valve will move in the direction of the arrow 2, Fig. 28, and the steam port will remain closed so that no steam can enter the cylinder or escape from it, hence the steam that is now confined in the cylinder must push the piston ahead by its expansive force, but the moment that the valve reaches the position as shown in Fig. 29 the release of steam will commence. To find the corresponding position of piston we draw through the edge c2 of the valve, Fig. 29, a line c2 g, perpendicular to A B intersecting the circumference a b m in the point g. Through this point draw a line g k, perpendicular to y x, intersecting the latter in the point k, and this point k being 22[image: inline] inches from the beginning of the stroke indicates that the piston has traveled through this distance when the release of steam commences. Now notice, the steam is cut off when the piston has traveled 19[image: inline] inches, and the release of steam commences when the piston has traveled 22[image: inline] inches, consequently the steam is worked expansively during the time the piston moves 3¼ inches of its stroke. The steam port will remain open to the action of the exhaust during the time the piston completes its stroke and moves through a portion of its return stroke. In the meantime the valve will move to the end a of the travel and return, as indicated by arrow 4, and 'the moment that the valve again reaches the position shown in Fig. 29, the release of steam will be stopped. To find the corresponding position of the piston, draw through the edge c2 of the valve, Fig. 29, a straight line c2 m perpendicular to A B intersecting the circumference a b m in point ni. Through this point draw a straight line m k2 p perpendicular to y and intersecting the latter in the points k2. Since the distance between the points x and k2 is 22¼ inches, it follows that the piston has moved through 22¼ inches of its return stroke, by the time that the release of steam will cease. As the valve continues its travel in the direction of arrow 4, Fig. 29, the steam port will remain closed until the edge c2 of the valve coincides with the outer edge o of the steam port, and during this time, the steam which remained in the cylinder, is compressed, but as soon as the edge c2 of the valve passes beyond the steam port edge o, the admission of steam into the cylinder will commence. To find the corresponding position of the piston, draw through the outer edge o of the steam port, Fig. 27, a straight line o g, perpendicular to A B and intersecting the circumference a b m in the point g; through this point draw a line g k perpendicular to y x intersecting the latter in the point k, and since the distance between the points x and k is 23[image: inline] inches, we conclude that the piston has moved 23[image: inline] inches of its return stroke before the admission of steam will begin. Here we see that steam will be admitted into the cylinder before the return stroke of the piston is completed, and that is the object of lead, as has been stated before. Notice once more the compression of steam will commence when the piston has traveled 22¼ inches of its return stroke, and will cease when the piston has traveled 23[image: inline] inches of its return stroke, hence the steam is compressed during the time that the piston travels through if inches.

In each one of these figures the point g represents the relative position of the center of eccentric to that of the valve shown in the figure. The point g will always be found in the circumference a b m, and in a straight line c2 g, drawn perpendicular to A B, and the former passing through the outer edge c2 of the valve.
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The reason why the point g should in all cases be found in the straight line c2 g drawn through the outside edge c2 of the valve, is this, when the center c of the circle a b mis placed on the line A B in such a position (and as has been done in these figures), so that the distance between the center c and the outside edge o of the steam port is equal to the lap, then the center g of the eccentric and the outer edge c2 of the valve will always lie in the same straight line drawn perpendicular to A B. If the distance. between center c and the outer edge o of the steam port is greater or less than the lap, then the center of the eccentric and outside edge of the valve will not lie in the same straight line drawn perpendicular to the line A B. Here, then, we can conceive the necessity of placing the center c of the circle a b m in 'the position as shown in these figures. The correctness of these remarks must be evident to the reader if the explanations in the previous examples have been understood. Again, since we have assumed that the point g not only represents the center of the eccentric, but also the center of the crank-pin, it follows that in order to determine how far the piston has moved from the beginning y of its stroke, when the crank-pin is at g we must draw a straight line through the point g perpendicular to y x, as has been done in these figures.

From these constructions we can form our answer to Example 24, namely:

Steam will be cut off, or, in other words, suppression will commence when the piston has traveled 19[image: inline] inches from the beginning of its stroke, and steam will be admitted into the cylinder during the time that the piston travels through this distance. The steam will be released when the piston has traveled 22[image: inline] inches from the beginning of its stroke, consequently the steam will be worked expansively during the time the piston travels through 3¼ inches. The release of steam will continue until the compression commences, which will occur when the piston has traveled 22¼ inches of its return stroke. The compression will cease and the admission of steam commence when the piston has traveled 23[image: inline] inches of its return stroke.

The same answer to our example could have been obtained with less labor by a construction as shown in Fig. 30, which is nothing else but a combination of the three preceding figures; the methods of finding the different points in Fig. 30 have not been changed, and therefore an explanation in connection with this figure is unnecessary.

THE ALLEN PORTED VALVE.

The Allen ported valve, which has the supplementary port above the exhaust arch, was designed to overcome the defects of the plain slide valve. With the plain slide valve it is impossible to secure a full boiler or steam chest pressure at the Beginning of a stroke, where it is most needed, without giving excessive lead which would produce a premature cut-off and impair the other operations of the valve. Besides it was found impossible to maintain a full boiler pressure during the whole period of admission, when steam was cut off short and working at a high speed. To obviate this evil, and to lessen wire drawing, the Allen valve was designed, with a supplementary port above the exhaust arch, by which steam is received from both sides of the valve at the same time to supply the same steam port, therefore giving twice the amount of opening a plain valve would have with short cut-offs. We will first call the reader’s attention to Fig. 31, which shows the valve in its central position upon the valve seat. You will observe that both steam ports are completely closed, the same as with the plain slide valve, therefore the point of release or compression will not be affected unless the lead is changed, when they will take place either earlier or later in the stroke. .We will next call your attention to Fig. 32. Here we find the valve moved off its central position and you will notice that one of the steam ports is receiving steam from each side of the valve at the same time, as indicated by the small arrows; you will also observe that the steam edge of the Valve and the edge of the supplementary port open simultaneously, so they must there fore cut-off at the same time. This valve is very efficient for a high rate of speed where the travel and point of cut-off are very short. It maintains the initial pressure and the pressure during the whole period of admission is more uniform.
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The wearing face of these valves being reduced they will wear very fast when not properly balanced. These valves may be used with most any form of a balance. The two forms of balance being used with these valves at present are the Richardson and the American, both of which we have shown in this book.

The Allen valve has made fair progress in American locomotive practice, but there is still considerable prejudice against it. This prejudice, we believe, is founded in want of experience, or in a mistaken view of what the capabilities of the valve are. While this conflict of opinion continues to exist, we think that some remarks made by Mr. E. M. Herr, superintendent of motive power of the Northern Pacific Railway, at a meeting of the Western Railway Club, might be studied to advantage. The discussion was on lead in the setting of locomotive valves, and in this connection he said:

“With a very long port you can give an engine less lead than with a short port, and the kind of valve used has also an effect. With an Allen ported valve you can still further reduce the lead and get the same work out of the engine. The Allen valve, in my opinion, is a very valuable device if rightly used, and I believe that many railroad men condemn it because they have not used it in just the right manner. You do not get the full advantages of an Allen valve if you give it anything like as much lead as you would a plain valve. One of the principal advantages of an Allen valve is that you can reduce the lead and still retain the mean effective pressure in the cylinder. Of course, there is another advantage with the Allen valve, and that is the more rapid admission of steam into the cylinder, and this enables a locomotive at high speeds, with an Allen valve, to very much exceed in power the same engine with a plain valve.

In making some tests on the North-western testing plant not very long ago, we showed very conclusively that at high speeds a 16x24-inch engine would develop more power with an Allen valve than a 17x24-inch engine, with practically the same size of driver, would develop with a plain valve. In fact, a 16x24-inch engine on a certain division, where the ruling grade could be approached on a good run, was put in freight service with 17-inch engines, and it did satisfactory work with the 17-inch engines, pulling over rugged parts of our division, until one day the train happened to stop at the foot of this ruling grade. That day the engine stalled, and it stalled simply because it was not as strong as a 17x24-inch engine when pulling at slow speeds. At very high speeds it was stronger.”

See Rule 12 for Locomotive Valve’ Setting.

THE HOLT SLIDE VALVE.

The Holt slide valve with cut-off plate, designed for use upon locomotives is at present being introduced into this country. It is a product of 1895, and was invented by Mr. Holt, of England. The valve has ports on top like the ordinary cut-off valve, but the cut-off plate has no separate eccentric or other means of positive movement. It has a space of [image: inline] of an inch for travel, and lays loose on the top of the slide valve. The quick movement of the valve is supposed to shift the plate at each end of the stroke alternately, and thereby secure an earlier cut-off, without increasing the compression. Fuel economy is the claim made for it.

A CUT-OFF VALVE FOR LOCOMOTIYES.

This device consists of a plain slide valve having no outside lap, a loose cut-off plate encircling the valve and moved by the action of the valve. It was invented by Mr. Win. Goodspeed, of Bloomfield, Iowa. The following is his description of the device:

“This invention is in the nature of an attachment that may be applied to the slide-valve of any ordinary engine with only slight modifications to the valve, and it is especially designed for use in connection with a link-motion for controlling the speed and direction of rotation of the engine.

My object in this invention is to provide a valve of this class of simple, strong, durable, and inexpensive construction that may be adjusted or set to automatically cut off at any desirable point without employing any valve-stem or the like in addition to the ones ordinarily used.

A further object is to provide a valve in which a comparatively large and free induction-port is provided when the valve is set to cut off at a relatively small portion of the piston’s stroke to thereby tend to produce a high initial pressure and the consequent increase of steam and the increased efficiency of the engine.

A further object is to provide a valve which may be operated so as to admit steam to the cylinder during the entire stroke of the piston, so that the entire boiler-pressure may be used throughout the entire stroke of the piston when it is desired to generate an unusual great amount of power, and, further, to provide an engine of this class in which the wear upon the valve-seat will be extended over a large area, and hence the durability of the valve will be increased.

Figure 1 shows a top or plan view of the valve mounted on its seat within the steam chest. Fig. 2 is a central longitudinal vertical section on line 2 2 of Fig. 1. Fig. 3 shows a transverse sectional view through the line 3 3 of Fig. 1, and Fig. 4 shows a detail perspective view of parts of the engine and valve to illustrate certain details of construction.

Referring to the accompanying drawings, I have used the reference-numeral 11 to indicate the steam chest, having the valve-seat n therein provided with the induction-ports 12, leading from the valve-seat to the opposite ends of the cylinder, and also the exhaust-port 13, leading from the valve-seat at a point between the other ports to a point of discharge.
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The reference-numeral 14 indicates a slide-valve which differs from the valve of ordinary construction in that it has a diminished inside or outside lap, and 15 indicates a stem passed through the packing-box 16 and having a yoke 17 on its end fixed to the valve 14.

All of the above elements are of the ordinary construction with the single exception noted.
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The essential novelty in the valve consists of a rectangular auxiliary cut-off 18, having a flat lower surface and having a rectangular opening in its central portion. The dimensions of this central opening are in one direction the exterior length of the valve plus the width of one of the ports 12 and in the opposite direction exactly the width of a valve. In the side pieces of . the auxiliary cut-off are the longitudinal slots 19, and the reference-numeral 20 is used to indicate standards screwed into the face of the valve-seat to project upwardly through the said slots 19.

21 indicates elongated washers having openings, through which the standards 20 are passed, so that the under surfaces of the washers may engage the top surface of the auxiliary cut-off. 22 indicate expansion-springs mounted upon the standards 20, and nuts 23 are placed on the upper ends of the standards to compress the springs to thereby hold the washers 21 in frictional contact with the auxiliary cut-off 18. This arrangement is only for use when there is no steam-pressure in the chest.

In practical operation it is obvious that the valve proper will be moved a slight distance upon its seat before engaging the auxiliary cut-off, and. when it does engage the cut-off will be moved slightly—that is, when the stroke of the valve is of greater length than the width of the ports leading to the cylinder.

This valve is designed for use only in connection with a link motion or other means for regulating the length of its stroke. Assuming that the link motion is set so that the valve will cut off at one-quarter stroke, and assuming the valve to be in its position for starting, that is, with a small lead opening, it is obvious that the first movement of the valve will be to open the induction-port wide. Then the auxiliary cut-off is moved by the valve so that the side of the cut-off, adjacent to the induction port, will be moved to partially cover the said induction port. Then as the valve starts on its return movement it will meet the auxiliary cut-off or that portion thereof that is partially covering the induction port at a point midway between the sides of the induction port, and hence the steam will be cut off, while the valve has only partially covered the induction port; that is, before the full stroke of the valve has been made. It is obvious that the further movement of the valve—that is, to its outer limit and part of the way back—will not open the induction port. Hence we have a one-quarter cut-off with a full opening of the induction port, and also a full opening of the exhaust port. It is to be understood in this connection, that the earlier the cut-off the greater is the length of the valve movement required.

Assuming that it is desired to work the engine to its fullest capacity, we will assume that the valve is in the same position as in the former instance—that is, with a small lead open. We will assume, further, that the link motion is set or adjusted so that the stroke imparted to the valve will be only the same as the; width of the induction-port. It is obvious that in this instance the induction-port will be opened gradually until at the end oi the valve’s stroke it will be wide open. In this instance it will be noted that the auxiliary cut-off is not moved, and hence the friction of the valve upon its seat will be lessened, inasmuch as the area of the valve upon which the steam may press is less than with the ordinary-sized valve having considerable outside lap.”

HALEY’S SLIDE VALVE.

The object of this valve is to prolong expansion and relieve excessive compression. It was especially designed for use with link motion. It is the invention of Mr. J. A. Haley, of Ft. Wayne, Ind., who explains his device as follows:

“My invention relates to improvements in slide-valves for steam engines; and its objects are to provide means whereby then the valve is operated the steam-port at one end of the cylinder or valve-seat is kept closed for a longer period than heretofore for the purpose of using the steam more expansively, while the port at the opposite, end is kept open for a longer period of time for the purpose of reducing compression.

The invention relates specially to valves operated by what is known as the “link motion,” and to the use of steam expansively.

I attain the objects by the mechanism illustrated in the accompanying drawings, in which—

Figure 1 is a vertical section of my improvement, showing the port-holes of the valve-seat. Fig. 2 is a bottom view of the valves shown in Fig. 1.

My invention consists in the construction and combination of a main valve constructed with shortened faces adapted to actuate independent valve-faces, two independent valve-faces adapted to supplement said shortened faces, and devices and means whereby the independent valve-faces during a portion of the travel of the main valve are not operated thereby but remain stationary and adapted to give an increase of inside lap at one part of the valve-seat with increased clearance at the other part alternately with each stroke of the main valve.

By the term, “independent valve-faces,” I mean valve-faces which, during a given portion or space of the travel of the valve-rod remain stationary, not being actuated by it directly or indirectly.

The preferred form of construction of my improvement is shown in Figs. 1 and 2, and is as follows: The main valve A has portions of its faces cut out, preferably in the form of a rabbet, leaving the faces a thus shortened to rest upon the valve-seat and form with the independent valve-faces B combined valve-faces. These rabbets are cut out sufficiently deep to permit independent valve-faces B to be placed underneath them and afford room for their independent motion.

The independent valve-faces B are constructed so that when connected together, preferably by a cross-bar H, which is also placed under a rabbet on either side of the face of the valve A there will be between the extreme length of the two faces B B and the extreme length of the rabbets on the inside of the faces of the valve A a space S. This frame consisting of the independent valve-faces B and the connecting-bars H is placed on the valve-seat within the rabbeted parts of the face of the main valve A, and packing P is placed above the independent faces, as shown in the drawings, and other packing p is placed upon the side in the side rabbets, as shown in Fig. 2, for the purpose of preventing steam from passing between the valve-faces B and a. The space S is for the purpose of and designed to allow a movement of the main valve A that distance or space without moving the independent valve-faces B. Its length is determined by the requirements for inside lap and inside clearance, as will appear in describing the operation. When the space S has been traversed by the valve A moving from N to M, the end of the rabbet impinges against the independent valve-face B at the port E and moves both independent valve-faces, as will be readily seen, to the end of travel of the main valve. On the return stroke the positions and movements are reversed. The faces A have chamfers F on their inside corners, as shown in the drawings. These chamfers are for the purpose of permitting the steam to operate against the ends of the independent valve faces B to aid in keeping them alternately pressed against the ends of the rabbets for the purpose of preventing any movement of the valves B, except when actuated by the faces a. This is my preferred construction, but the independent valve-faces B B are not necessarily connected together by the bars H, but could be operated between the rabbets of the face of the valve A by lugs extending down for the purpose on either side of the exhaust-cavity of the main valve, or by other projections answering the same purpose. I do not, therefore, confine myself to the particular method shown of operating the valve-faces B independently.
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The operation is as follows: When the engine is first started, it is usual to use full openings of the ports. In such case my improvement has no special operation; but when the stroke of the valve is reduced or shortened for the purpose of using steam expansively then the following results take place: Say, for example, that the opening of the port C, as shown in Fig. 1, is the extreme opening for a given point of cut-off. Fig. 1 then shows that the limit of the stroke opening the port C has been reached. At this point the cylinder is therefore taking the full amount of steam at such point of cut-off, while the port E is exhausting at the other end and is open to its full extent.

The width of the exhaust cavity, measured on the valve-seat, is determined by the fixed distance apart of the inner edges of the two independent valve-faces B B, because the packings P p prevent the passage of steam between the faces B and a into and from the exhaust cavity. In the drawings such distance or width is shown, preferably, as slightly less than the distance over the inner edges of the steam ports C and E; but the spaces on the valve-seat, covered by the combined valve-faces B and a, vary during the travel of the valve. When the valve travels, say on the return stroke (See Fig. 1) the faces B remain stationary until the distance S has been traveled by the face a at the end N of the valve-seat, which then impinges against and actuates the faces B. At this point of travel, and continuing to the end of the return stroke, the combined faces B and a on the end N of the valve-seat, cover a diminished distance, while the faces B and a on the other end M cover an increased distance over the ports and valve seats, the difference being represented by the space S. Such movment increases the inside lap of the combined valve-faces B and a on the end M of the valve-seat, because of the inside lengthening of the combined valve-faces, and thereby, as is well known, delays the exhaust of steam at the port C, thus permitting a greater expansion of steam in that end of the cylinder. At the same time, while so traveling, the distance covered by the combined valve-faces B and a at the end N has been reduced correspondingly, and the face B has remained stationary for a portion of the. travel, so that the closing of the port E has been delayed, thereby giving increased clearance and reducing the compression at that end of the cylinder. This increase of the inside lap at the end M of the valve-seat and increased clearance at the opposite end N is reversed with the reverse of travel, as will readily be seen..

METZGER’S SLIDE VALVE.

The principle involved in the design of this valve has been fully explained in the description of the Haley Slide Valve, the form of construction only being different. It would be, therefore, simply a repetition to describe the principle of this valve’s action. This form of valve is the design of Mr. Jules P. Metzger, of Pat-erson, New Jersey.
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A NEW LOCOMOTIVE VALVE AND VALVE SEAT.-C. I. & L. RY.

There is shown in the engraving illustrating this article a valve and valve seat which, while tending in a direction the limit of which has probably been tested in another design, is, we believe, quite new. It should be understood at first that the drawing shows the valve as applied to the ordinary cylinder casting A A, cored with a steam port on either side of the single exhaust port, so that it is necessary to put in a false seat, B B, 2 in. thick, and having ports suitably arranged for the openings in the valve. This makes it necessary also that the steam chest be raised 2 in., and accordingly a filling piece 2 in. thick is placed under the steam chest. For new work the ports can, of course, be cored in the cylinder casting and then the valve seat and steam chest would be of the same height as in the ordinary design.

The valve is shown as central on the seat, and the exhaust edges of the steam ports are line and line with the inside edges of the valve, so that if it is considered that the valve is moving from right to left, the left steam port is about to open for exhaust. The double exhaust, port, however, is covered ½ in. so that after the point where the interior of the valve is opened to the exhaust steam, the valve must travel ½ in. before the exhaust port begins to open. The exhaust port being double, the area of the port which is uncovered by a certain movement of the valve is twice the area that would be uncovered were the port single, and a freer exhaust must therefore result. The double exhaust port and single steam port would be no better than if both ports were single were it not for the arrangement which makes it possible to open the exhaust side of the steam port ½ in. by the time the valve begins to uncover the exhaust port. The claim made for the VALVE is that the steam can be held in the cylinder during a longer portion of the stroke (except for the steam which expands into the inside of the valve) because when the valve begins to uncover the exhaust port the required opening is given by one-half the travel of the valve required for the single exhaust port. The grooves E E E are cut in the seat to assist lubrication; it is reasoned that they are soon filled with water or oil, or a mixture of both, and that the face of the valve is coated each time the valve passes over them.
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The valve is the design of Mr. H. Watkeys, master mechanic of the Chicago, Indianapolis & Louisville Railway, LaFayette, Ind. It has been applied to four locomotives running on that road and is giving much satisfaction.—Railway Master Mechanic.

FAY’S VALVE FOR REDUCING COMPRESSION.

The form of valve shown in the accompanying illustration is the invention of Mr. Henry R. Fay, of Boston, Mass. The improvement relates only to the face of the valve and its seat, and any form of balance may be used with this valve. Mr. Fay has favored us with the following information and description of his improvement:

In presenting this invention to your notice, I call your attention to its simplicity and efficiency; also to the small cost of its application, and to the fact, that there will be no maintenance expenses, as the device becomes a permanent fixture to the engine, reducing the compression, without interference with the ad mission and expansion of the steam.
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The amount of the released compression is determined by the size of the extra ports made in the cylinder, and the location of the grooves in the valves.

That excessive compression is the greatest drawback to the efficiency of our high speed locomotives cannot be questioned. It cuts down the capacity of and produces bad riding^ engines. These losses or defects are usually remedied to a certain extent by a wasteful distribution of steam.

This invention has been applied, during the past year, with very satisfactory results to fourteen of the Boston & Albany Railroad locomotives, seven being heavy express passenger, the others being mostly freight engines.

The advantages obtained by the use of this invention are, that smaller clearance space can be made; higher speed can be obtained, by reason of reducing excessive resistance in front of the piston when cutting off at short points of cut-off, and a saving of the general wear of engine (by giving a smooth working engine) and especially in the wear of valve and seat which has been proved in use, by reason of the valve keeping down on its seat, and not being forced off its seat by excessive compression, giving good steaming qualities, as steam cannot blow under the valve to exhaust port, and an engine will do the same work at shorter points of cut-off.

This valve can be applied to all engines using single slide valves of either piston or flat type.

This invention is of especial value to compound engines for the reason that compression, commencing at receiver pressure in high pressure cylinder, combined with the greater area of low pressure cylinder, causes excessive compression. The clearance space can be cut down, which should give economical results.

This device possesses especially valuable features when applied to the high pressure cylinder of cross compound engines, which are not shown in the drawings—an explanation of which will be furnished on application.

The device is applied to a cylinder by drilling holes (extra cylinder ports) at the end of the bridge, at an angle, as shown, from the valve seat to the bore of the cylinder, so that the piston packing will reach the first holes when the groove in the valve opens up into the admission port, after cutting off. The size of the holes in the applications that have been made are [image: inline] of an inch in diameter. The distance from the line of the exhaust port to the extra cylinder port in valve seat must be at least 1-64 in, greater than the width of groove in the valve. The valve has grooves (extra valve ports) [image: inline] in. wide and ½ in. deep, nearly across its face. The outside edge of each groove is located at a distance from the outside edge of the valve 1-64 in. greater than the width of the admission port. Each groove is provided with the two end cavities in the sides of the valve, which are cut so as to reach the extra cylinder ports when exhaust takes place on opposite end, thereby opening communication with the other end of the cylinder and allowing the compression to pass around the piston to the other end of cylinder and exhaust as shown.

It will be seen that by placing groove in valve farther from outside edge of valve, compression release will be cut off before pre-admission takes place, thereby holding on to a certain pre-de-termined amount of compression if desired during the last part of the piston travel. The lugs on the corners of the valve are to prevent the uncovering of the extra cylinder ports when the valve is at its full travel.

FARRER’S VALVE.

The same principle is followed in the construction of this valve as in the Fay valve—that of reducing excessive compression. The relief ports shown in the bridges are not the full length of the bridge, but simply two small holes drilled through each bridge in the manner shown. The exhaust edge of the valve being provided with grooves to coincide with the relief ports, thereby permitting a portion of the air which is being compressed in the cylinder to be released and escape to the exhaust cavity, and thence to the smoke-stack. This improvement is the invention of Mr. Chas. S. Farrer, of Dunmore, Pa.

[image: figure]



*This construction of the slide-valve is from the pen of Mr. J. G. A. Meyer, M. E., whose authenticity on the subject is so well known that his name needs no introduction here.



BALANCED SLIDE VALYES.

For a great many years the plain slide valve answered all the requirements for locomotive service, but with the enlargement of the locomotive and the increased steam pressures it was found almost impossible for one man to reverse an engine with such an enormous pressure on top of the large slide valves which modern locomotives require. The object of designers was, therefore, to produce a valve that would require as little power as possible to move it. To lessen this friction, what is known as the “Roller Valve” was first invented. It was a plain slide valve with rollers attached to each side of the valve. While this valve required less power to handle it, yet it failed to remove the cause of the great amount of friction between the valve and its seat, and therefore did not come into general use, although it is still in use upon some roads. But, when the balanced valve, sometimes called the equilibrium slide valve, was invented, the correct principle seems to have been followed, namely: The removal of the steam pressure from the back of the valve. These valves have been universally adopted. The various forms of these valves that have been invented are too numerous to mention, but they are all constructed upon the same principle, that of removing the pressure off the valve.

We have illustrated a few forms of these valves, varying all the. way from very good to very bad. The best form of balance valve will be found to be the one which overcomes the greatest friction (within practical limits), the most simple in construction and positive in its operation and has the fewest parts which are liable to break or get out of working order.

THE GOULD BALANCE VALVES.

The Gould Balance Slide Valves are both comparatively new and we believe they deserve the careful attention of every locomotive builder or designer. The form known as the “Quick Action Valve” with the double opening deserves especial attention. Heretofore it has been the generally accepted belief among practical men, that it would be impossible to prevent the valve from lifting off its seat if all the pressure were removed from the top of the valve. But Mr. Gould holds to a contrary opinion, and after carefully studying the action of his “Quick Action Valve” the writer is inclined to agree with him.

The principles of these valves are similar to that of the piston valve, either of which can be applied to the ordinary flat valve seat. Two methods of balancing are employed, one form, the “Quick Action Valve,” can be used with either a flat pressure plate or his semi-circle balance plate. It promises to be an important rival to our best forms of balance valves. For the other form of valve the balance is obtained by means of a semi-circle balance plate fitted into the steam chest lengthwise. It is not bolted to the cover like most other pressure plates, but rests on the valve seat. It has lugs which are closely fitted on the ends to prevent it from moving lengthwise; while the pressure on its back holds it down. The top of the valve is also a semi-circle in form, slightly smaller than the plate, and has balanced strips set into it which bear against the plate in the usual manner. A small port at each end permits live steam to enter between the valve and the pressure plate, which is permitted to cover sufficient area to overcome the back pressure in the cylinder, thereby obtaining almost a perfect balance. In construction the two balance plates (one for each valve) are first planed off on the edges; then the two are clamped together and bored out to the required size. The valves are finished in a similar way; first the two faces are planed off and then clamped together and turned off in a lathe, and made a little smaller than the pressure plate. When the valves require facing the same amount is taken off the bottom edges of the pressure plate, thereby retaining their original positions, and the plates automatically adjust themselves to any inequality due to the wear of the valve.

These valves are the invention of Mr. W. F. Gould, of Des Moines, Iowa, to whom we are indebted for drawings and a complete description of each of the valves, which is herewith given. The second valve described is at present being tried on the Chicago & Erie R. R. Five engines are now equipped with fhjs valve.

DESCRIPTION OF QUICK ACTION VALVE AS SHOWN BY
EXHIBIT A.

This valve is shown in a cross section, in order to show the relative positions of the ports H and D to the port leading to the cylinder (not lettered). The valve cover A is supported by four bolts to the steam chest cover, showing that the cover A can be lowered or raised at will. Letters H are ports in the base of the cover running longitudinal parallel to the steam ports. Letters D are longitudinal cavities in each end of the valve and should be the same length as the ports H, and nearly as long as the steam port which leads to the cylinder. It will be seen also that packing bars E are placed on each side of the cavity D in the top of the valve in such a manner that the distance between them is of a very little more area than the width of the steam port, for the purpose of holding the valve down when the steam port at the end of the valve is filled with steam.

[image: figure]

In the operation of the valve, as shown herein, when the valve is pulled back so as to open the steam port, it will,be observed that the packing bar nearest that side will have been also pulled back so that the steam at the top of the valve will go over the top of the packing bar E into the cavity H and down through the cavity D into the steam port, thereby forming a double opening into the cylinder. Another feature shown herein, is that the valve on its return shows the port D in communication with the steam port after the valve has cut off, thereby showing the area between the packing bar to be in communication with the steam in the steam port; this is done in order to balance the valve. It will also be observed that the outside packing bar can be placed as near the outside end of the valve as desired so as to take nearly or all the pressure off the valve.

Another feature which I wish to show is, the relative position of the ports to each other when the engine is running at a high rate of speed and a comparatively short cut-off; or, in other words, using the full amount of lead. In such cases there is more or less what is known as a cushion or back pressure in the cylinder which has heretofore operated in a detrimental manner to balance valves, but in the case of this valve it is clearly shown that the port D will be in communication with the steam port and therefore entirely obviates the defects which have operated disastrously to other balance valves.

[image: figure]

When it becomes necessary to reverse the engine at a high rate of speed it will be seen, as shown in the section of the valve, that the valve will lift and relieve the cylinder pressure as in other ordinary slide valves, for the reason that the movement of the valve will be exactly opposite to what it was when the engine was running forward.

In the plan view is shown the relative position of the end lrars and the side bars E to each other, also showing the valve to have an open back so that the exhaust steam will have no effect upon the valve, but will have a tendency to keep the bottom of the cover well lubricated.

In the view of the bottom of the cover A is shown the form of the posts H with the small bars C in them. The reason they are placed diagonally is so that the packing bars E will not have ridges worn in them while moving over the ports H. I have not shown any particular means for holding the packing bars E up against the valve cover, for the reason that I would prefer that to be done in any way most convenient to the party using them. The oil cups are screwed into the top of the steam chest cover in the usual manner and needs no further explanation. Should any further information be desired I will gladly furnish it at any time.

[image: figure]

DESCRIPTION OF BALANCE VALVE AS SHOWN BY EXHIBIT B.

The end view of the section of the valve, as shown on line C D, shows the end of the valve, the loose valve cover, the end of the yoke, and the key A, also a representation of the valve and its cover as it appears upon the inside of the steam chest, and is described as follows: Letters h represent a loose cover, which fits over the top of the valve, letters c c represent stops, upon the inside of the steam chest cover to prevent the valve cover from having too much longitudinal movement; this movement should never exceed one-sixteenth of an inch over all. The letters f f represent spring pockets in the valve, in which small spiral springs are inclosed in order to hold the packing, which is shown by dotted lines in its place; the letter k represents a chipping strip upon the rear end of the valve, which may be faced so that the back end of the yoke d may fit it; letters n represent the sleeve, which is cast solid to each wing of the valve, and through the cavity o extends, in order to contain the valve stem b. It will be observed in all the figures that this cavity o is oblong, in order that vertical movement of the valve may not bind upon the valve stem; letters gg are two small holes drilled in the face of the valve, in order that communication may be established between the port z and the cavity x, shown in another figure; letters ee are small ribs cast upon the top of the valve cover h, so as to prevent the valve oil from running down on the sides of the cover, and also to cause the oil to come to the end of the cover, thereby more perfectly lubricating the valve.

[image: figure]

Referring to the section on A B, it shows a side view of the valve—the packing rings are shown held up by spiral springs on one end of the valve, while the dotted lines on the opposite end of the valve shows the spring pockets; the letters X are cavities running round the whole outside faces of each end of the valve, while the packing, as shown, is placed upon each side of these cavities X. The area of the cavity X should always be a trifle more than the area of the steam port Z, so that when the steam, port Z is filled with steam and communication established with cavity X by means of the hole G it will be seen that the pressure in the cavity X will equal the port pressure, and the valve be held down upon its seat. It will also be observed that the packing ring may be placed as near the outside edge of the valve as necessary to perfectly balance the same while the engine is using them.

It will be observed that there are two check stubs Y in the top of the steam chest cover. It will also be observed that they do not touch the valve cover H; they are put there for the purpose of regulating the vertical movement of the valve cover, and prevent it from lifting too high from the valve; the letters L, as shown in this and the other figures, is a web which holds the bottom of the wings of the valve together in one piece; it also prevents any leaking of steam into the exhaust which might occur if the valve cover was raised from the seat. This valve, as shown, is semi-circular in form, and is constructed in the following manner: As soon as the castings come from the sand their faces are planed, and fastened together they are then put into a lathe and turned to the desired size. Grooves for the packing and the cavity X are also cut in their faces. The valve covers have their edges planed, then they are fastened together and bored out to fit the valves, thereby making one for each side of the engine. The valves and their covers should fit iron to iron when they are cold, as when the cover becomes hot it expands a little more than the valve, which leaves the valve free to move perfectly under it, should it become necessary to face the valve any amount of iron taken from the face of the valve, so as to lower it, the same amount should be planed from the bottom edge of the valve cover, thereby causing each to assume their normal position relative to each other, and as the hole O in the valve through which the valve stem passes is made oblong, it will be readily seen that this will not affect the valve stem whatever. When the valve is being planed—that is, when the exhaust is being planed out, do not allow the tool to cut through the line L, as shown in the face view, but let the exhaust be of the same form as shown in the face view of the valve.

[image: figure]

[image: figure]

In the absence of having a definite size of steam port to work from, I cannot give the exact sizes, they would have to be governed by the size of the engine upon which the valve is used. But I will say that the packing rings should have at least [image: inline] face by ½ inch deep. The valve stem should be about 1½ inches in diameter and the stops C should not be less than [image: inline] of an inch in width. The valve cover should finish 1¼ inch in thickness, so that it would never spring, and when it becomes necessary could be bored out the second time to fit the valve. The jepth of the cavity X should not be less than [image: inline] of an inch, and the size of the hole G should not be less than 3-16 of an inch. The size of the bolts Y should not be less than ¾ of an inch. The springs, which are designed to-hold the packing, should be made of about No. 70 steel wire so that the pressure on them would be very light, because if these springs were too stiff they would cause the packing to wear too fast, or might hold the cover up from the valve when steam was not used. The key A, which is used to hold the back end of the yoke in its position, is shown full size. I have herein briefly outlined the description of the cuts here shown. Should any further information be desired it will be readily furnished.

THE PISTON VALVE.

This is a slide valve of cylindrical form which has many good qualities. It permits of a greater port area and occupies less space than the D valve, this form of valve being encased within the walls of the cylinder. It has been commonly supposed to be a perfectly balanced valve, but recent tests have proved that it is not as perfectly balanced as was generally supposed. It was found that its perfection of balance depends largely upon the width of its rings and the steam pressure, for as long as the steam exerts a pressure under the rings, holding them against the walls of the cylinder, they create an unbalanced friction equal to the area of the rings; of course much depends upon the construction of the valve, the closer the rings are fit into the grooves the better, but it is impossible to fit the rings steam tight without sticking in the grooves and the more the sides of the ring wears the greater will be the pressure under the ring and therefore the^ greater the friction. Owing to the construction of these valves, they being made either of one long casting or in two parts connected with a rod, or tube, when the two faces are located near the ends of the cylinder it is claimed they reduce the clearance which is so wasteful on steam, since for each stroke of the piston this unoccupied space must be filled with steam, which in no way tends to improve the engine, but rather decreased the expansive force, and increases the amount to be exhausted on the return stroke. While the correct principle for reducing the clearance seems to be followed in placing these valve faces near the ends of the cylinder it should be remembered that while the distance between the valve and cylinder is lessened the clearance space extends clear around the valve and the claim of reduced clearance for these valves has frequently been overthrown by the Indicator. But withall, this is considered one of the best forms of valves in use. Nothing is good that will not bear criticism.

The illustration we have shown is the form used with the Vauclain system of compounding (Baldwin). It is a combination piston valve, the two ends of which control the admission and exhaust of steam to and from the high pressure cylinder and the inner rings perform the same functions for the low-pressure cylinder.

The piston valve is an old affair in locomotive practice, having laid dormant for years. One of the early designs of these valves was that of Mr. Thomas S. Davis of Jersey City, in 1866. A difficulty which developed with his design and others at that time was the rapid wearing away of the valve cage at the port openings, due in part to the absence of bridge strips in the port openings, as ring-bearers for the piston. It was supposed also that the valve piston rings needed adjustment the same as those of the steam cylinder piston. Occasionally this adjustment was faulty and, cramping the free motion of the valve, over-balanced all the advantage of the piston for the time being. The tallow then used for lubrication troubled the piston valve, as it did also the plain D valve. The cause which more than any other, however, led to the disuse of the piston valve after these early experiences was the introduction of the balance on the slide valve. This balance rendered the slide valve form acceptable at the then low pressures standard on engines.

[image: figure]

In the meantime the piston has gained a position at the head in steam vessels, small and large, naval and commercial, at all pressures the world over. It is used in fast steamers crossing the ocean, the entire distance being passed, in some instances, without lubrication. It is also used in the best and fastest electric engines running almost continuously. The piston valve has of late years been improved in form, eliminating the features which caused objections to the old form, and with the advent of high pressures it is again gradually coming into use upon locomotives. Both the Baldwin and Brooks Locomotive Works furnish piston valves when ordered upon both simple and compound engines and in a few instances these valves are applied by-railroad companies to old cylinders. But these valves should be given close investigation before a good, reliable balanced slide valve is side-tracked.

THE RICHARDSON BALANCED VALYE.*

This illustration shows a sectional view of the valve in the steam chest; the balance is secured by four rectangular packing bars fitted into the top of valve and working nicely in the grooves.

These packing bars are held lightly against the pressure plate by means of a semi-elliptic spring, until steam is admitted in chest, then steam pressure acts upon the packing bars and holds them firmly against the pressure plate and also presses them closely against the inside of their respective groove, forming thereby a steam-tight joint, and excluding the steam chest pressure from acting on the area of valve included within the packing bars.

[image: figure]

The inventor of this form of balanced-valve, the late George W. Richardson, of Troy, N. Y., when he took up the subject, brought to his aid a ripe experience covering many years in active motor power service, and practical service has fully established the correctness of his design of balancing valves, as there are to-day three times as many locomotives running with Richardson or Allen-Richardson Balanced Valves, as all other forms of balanced valves combined.

Careful examination of the face of a worn slide-valve will show that the face wears in curved surfaces; the ends of the valve-face are worn alike in curves of the same radius, and the sides are worn in curves similar to each other but of much shorter radius than the curves at the ends. Any form of balancing to successfully accomplish the desired results, and maintain tight joints for any length of time, must be constructed in conformity with the wear developed in the face of the valve, and this is just what is done in the Richardson construction, the packing bars are made in sections or separate bars, so arranged that each bar in. its travel does not cross the line of travel of any other bar, thus giving each bar an independent place for wear on the balancing plate, and each bar corresponding to a portion of the valve face which wears in the same curve.
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