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PREFACE

THIS BOOK was prepared for use as a home study course in horology and as a reference work for the student in the horological schools. In its preparation, the author has kept in mind the practical and theoretical knowledge required by those organizations that prepare examinations and the state board examinations of the several states which require a license to practice horology.

The author has consulted original sources and especially the works of those who have made horological history. In addition, much of the work has been drawn from scientific publications, particularly those concerned with the more recent developments.

Most books on watch work give no space to the theoretical analysis. On this point a departure has been made, and the reader will find that, in addition to the practical treatment, there is a general survey of horological theory.

It is recognized that the practice of horology is largely one of manual skill, the acquisition of a delicate touch, and muscular control of the wrist and fingers. Practical work is, then, the starting point, and the material in this book is so arranged. One must perform, at the outset, a satisfactory job of cleaning and repairing a clock or watch before the more intricate work of isochronal, position, and temperature adjusting can be achieved. When this plan of attaining a horological education is followed, the student will find himself developing progressively toward a successful career in a very interesting and pleasant semiprofession.

HAROLD C. KELLY

263 May Avenue

Monrovia, California


INTRODUCTION

TIME AND TIME RECKONING

What is time? It is a something that has baffled thoughtful men since the beginning of civilized history. Innumerable astronomers, mathematicians, scientists, and philosophers have investigated this thing called time and have advanced various theories and incidentally worked out systems by which it has served mankind.

Old and New Concepts of Time

In 1687, when Sir Isaac Newton published his “Principia,” certain philosophical concepts of time were given the world that have been accepted even to this day. In fact the whole science of physics and mechanics is still based upon these concepts and is so taught in our schools.

According to Newton, time is absolute and without any relation to bodies or their motions. It is conceived as unbounded, continuous, unchangeable in the order of its parts and divisible without end. Time exists without matter. If the universe were destroyed, time and space would remain.

On the other hand Dr. Albert Einstein conceived a different idea of time. Einstein said that time is relative. It cannot exist without being associated with space. And since objects in space have three dimensions (length, breadth and height), time is added to these, which gives all objects four dimensions.

Suppose, for example, we are in the capitol building in Washington today at 12:00 a.m. Returning there tomorrow at 12:00 a.m., the space will have changed. The earth has rotated to the east on its axis; it has revolved to the east around the sun; the sun has moved around the Milky Way. Thus when a given period of time has returned, we cannot return to the same given space. Suppose, for another example, the observer was placed on Mars or Venus. The unit value of time would be different.

The dimensions of an object, its shape, the apparent space it occupies, depend, according to Einstein, upon the object’s velocity — that is, upon the time which the observer takes to travel a given distance, relative to the object. Hence it is impossible to define space without time. That is why we now say that the earth on which we live has four dimensions and that time is the fourth dimension.*



* A very interesting and highly instructive discourse on Relativity is found in The Universe and Dr. Einstein, Lincoln Barnett, William Sloane Associates, New York. Every horologist should read this book.

Thus the scientists have given us two widely divergent concepts of time. We as horologists shall leave that to the scientists to discuss among themselves. Our interest is concerned with obtaining the mean of solar time in order to set our clocks and watches. This much we are certain: that man has invented a method of dividing successive rotations of the earth on its axis, in relation to the sun, into days, hours, minutes, and seconds for the purpose of regulating his daily activities. The method by which time is reckoned will now be considered.

The Earth as a Clock

The earth is our master clock. The rotation on its axis may be regarded as practically invariable. The friction of the tides on the ocean floor is said to slow down the earth’s motion, but calculations show a retardation of less than a second in 100,000 years.

To get a clear picture of the earth clock and how it works, let us suppose that we can place ourselves in space directly above the north pole, say 250,000 miles from the earth. From this position we may see the earth from the north pole nearly to the equator. Figure 1 shows how it will appear. We may observe the earth’s rotation to the east at the rate of 18½ miles a second. Further observation shows that half of the earth is light and the other half is dark, and we may see the sun’s rays creep over the north pole as the summer season approaches, and also become darkened when winter comes.


[image: image]
Figure 1.



Our earth clock is to have a 24-hour dial with two sets of figures reading from 1 to 12 to show a.m. and p.m. Meridians of longitude will provide for the location of the figures. The meridians are 15 degrees apart and the prime meridian, which passes through Greenwich, England, indicates 12 a.m. Greenwich time. Our earth clock differs from ordinary clocks in that the “hour hand,” which may be any meridian for local time, turns counterclockwise.

The equinoxes. Suppose we are observing the earth at 12 a.m. on March 21 or September 23. These dates are called the vernal and autumnal equinoxes and indicate a period when both the sun and an imaginary location in the sky (the equinoxes, Figure 2) fall on a given meridian at precisely the same time. During the periods of the equinoxes, the equator lies on the plane of the sun’s rays, or, to put it in another way: both poles are an equal distance from the center of the sun and night and day are of equal length everywhere on the earth.

A sidereal day is shorter than a solar day. Now, at about 11:56 a.m., mean solar time, on March 22 or September 24, the earth clock has made one complete rotation on its axis and the above given meridian again lies on the plane of the equinoxes. The duration of one rotation—that is, a rotation of 360 degrees —is called a sidereal day. In the meantime, the earth, in its revolution around the sun, has moved to a new position as shown in Figure 3. From this location it can be seen that further rotation is required before a solar day is completed. Thus a solar day is almost 4 minutes longer than a sidereal day.
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Figure 2.
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Figure 3. The arrows point toward the vernal equinox.



Sidereal time is determined by observing the more distant stars and is, therefore, consistent, whereas apparent solar time is not. Sidereal time, however, is not useful for civil purposes because our daily activities are governed by the sun’s position in the sky. Sidereal noon, for example, comes at night during part of the year and a sidereal year contains 366¼ days instead of the 365½ days of a solar year.

Solar days are longest in December and January. Apparent solar days are not uniform for two reasons. The first can be explained by noting that the earth’s orbit is an ellipse and the sun is situated near to one end of the ellipse as shown in Figure 4. When the earth is nearest the sun, which occurs about December 22, its revolution around the sun is fastest and the days are longest because the earth must rotate farther to bring a given meridian to solar noon.

The second reason why apparent solar days are not uniform has to do with the inclination of the earth on its axis. During the latter parts of March and September, the earth’s rotation to the east is less than any other time of the year, since part of the motion, as observed at the equator, is south in March and north in September. When the rotation is eastward as in the latter parts of December and June, further rotation is required to complete a solar day. The solar days are, therefore, longest in December and June and shortest in March and September.
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Figure 4.



The effect of the eccentricity of the earth’s orbit and the inclination of the earth’s axis, when combined, tends to increase the length of the solar day on December 22. The effect of the two phenomena, separately and combined, is shown in Table 1.
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Mean time or civil time. For practical reasons, it is necessary to arrange the days so that their lengths are equal. Such an arrangement is called mean time or civil time and is arrived at by averaging the apparent solar days for a whole year. Civil time begins at midnight and continues through 24 hours to the following midnight.
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Equation of time. For the same reasons that the length of the apparent solar days are not uniform we find that the sun is either fast or slow to the clock. Solar time and mean time agree only four times a year. The difference for all other periods is called the equation of time. Table 2 shows the rates of apparent solar noon as related to mean solar noon.

Computing Mean Time by the Stars

Our observations of the earth from the distant point on the celestial north pole are now completed. We shall again come “down to earth” and place ourselves on the prime meridian at Greenwich, England, for a different “point of view.” We shall visit the Greenwich observatory and possibly take a “peek” through a special kind of telescope called the transit instrument, Figure 5. By means of the transit instrument, Greenwich civil time is given to the world.
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Figure 5. The transit instrument.



The observatory has a sidereal clock. By consulting sidereal time, the astronomer can point the transit instrument to a star of known position within a few minutes of its appearance. According to the sidereal clock, the stars are always in the same place at any given time. The sun is either fast or slow most of the year as compared with the clock, but the stars are never fast or slow.

It is essential that the transit instrument be secured in a rigid position. The axis lies in an east-west position and is pivoted so the line of vision is along the plane of the prime meridian. The astronomer has previously adjusted the instrument to the path of a fixed star that lies on the meridian.

It is possible that the astronomer will let the reader look through the transit instrument. Looking through the eye piece, the observer will see a number of lines, seven in number, as shown in Figure 6. These are for greater accuracy in following the star as it crosses each of the lines. One or two stars not intended for a particular time calculation may be seen.
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Figure 6.



It is now about the time for the fixed star to cross the meridian. The astronomer seats himself before the instrument and looks through the eye piece. The observer has his finger on an electric button. When the star passes the second line in the eye piece, he presses the button. He does so again when the star passes the center line and again on the sixth line. The three presses of the button cause three notches to be cut on a moving tape of a recording chronograph. In this manner, time is recorded to a fraction of a second.

There is, however, the personal equation, a possible error in which the observer may record the arrival of the star a little too soon or too late. This error is avoided in the best modern observatories by replacing the reticle with a moving wire which keeps pace with the star’s image. When the wire reaches a given point, electrical contact is made automatically.

Various countries publish astronomical almanacs which list a large number of stars, giving the right ascension and declination. From the right ascension given, the astronomer can calculate the time when the star crosses his meridian. By comparing the sidereal clock with the observed time, the clock error, if any, can be noted and accordingly corrected.

It is observed that we have been taking account of sidereal time only. Star observations are much easier and more accurate than solar observations. Mean solar time can afterwards be computed by referring to tables in the almanacs.

In the United States, correct time is broadcast daily by telegraph and radio from the naval observatory at Washington. Signals are sent out at noon, Eastern standard time, by consulting an astronomical clock. These are rebroadcast by different agencies to the four different time zones.

Time reckoning without special equipment. One need not possess a transit instrument to obtain time from the stars. In fact, no special equipment is needed at all. Choose a window of your home, preferably one to the south where a church steeple, radio tower, or television aerial can be seen. Secure a large piece of cardboard and, with a sharp instrument as a pencil, make a small hole in it. Place the cardboard over the window and, looking through the hole, watch the progress of a particular star until it disappears behind the distant object selected. At the moment this happens, signal an assistant who is observing a clock, for the exact time a star disappears must be noted. On the following evening the same star will vanish behind the fixed point 3 minutes and 56 seconds sooner than indicated by the correct civil time. If the clock does not show this difference, the time is incorrect and must be made right.

If the time is not taken daily, merely multiply 3 minutes and 56 seconds by the number of days that have elapsed since the first observation. Subtract the results of the above calculation from the time of the first observation. The answer is the time the clock ought to show.

New stars must be selected after a month or two as they move to the daylight hours and become invisible.

Should you observe a planet instead of a star, time reckoning will not work. Planets move independently as related to the stars, and a few nights observation will determine which is a star or a planet.

Time Zones

Since 15 degrees of longitude represent 1 hour change in time, time zones have been arranged throughout the world. The inconvenience of continually resetting our watches when traveling great distances is avoided. The standard meridians show mean solar time and the zones extend roughly 7½ degrees east and west of the meridians.

The United States was divided into four standard time belts in 1883. It was the building of transcontinental railroads that encouraged their establishment. In 1884, the president of the United States suggested an international conference to establish a system of time zones for the entire world. The conference, with twenty-six nations represented, met in Washington. The majority of them favored making the meridian of Greenwich zero longitude. Meridians of 15 degrees each were accordingly fixed with an international date line at 180 degrees.

The International Date Line. Thus by general consent a line through the Pacific Ocean became the place where new days begin. By going east, hours are lost until the date line is reached. Then a day is added. In traveling west, hours are gained until the date line is reached, when a day is subtracted.

The hours of the day, however, continue without a break in either direction.

The necessity for a date line is seen in supposing that we travel from Greenwich to the west as fast as the earth rotates east. The sun would not move during the entire trip. Time, accordingly, would not change and we would return to Greenwich one day late if the date line had not been created.

Daylight Saving Time

Daylight saving time was first put into effect in the United States on May 21, 1916. The experiment was successful and has been approved by a majority ever since. Clocks have been set ahead one hour during the summer in most countries in recent years.

Those opposed are of the opinion that time is of a divine nature and man should not tamper with what they call “God’s time.” On the contrary, man has consistently tampered with time long before the sundial became obsolete. The truth is: civil time, which these people accept, varies from apparent solar time as much as 17 minutes in a day. And, furthermore, the dividing lines of the time zones differ by at least ½ hour from the time of meridian chosen.


PART I

PRACTICAL HOROLOGY


PART I

Chapter One

INTRODUCTORY REMARKS TO BEGINNERS

WHEN THE horological student first examines the tool and material catalogs of those companies who cater to the needs of horologists, he is, no doubt, bewildered because of the vast array of tools, materials, and supplies. It is customary that the workman own his own tools and it is admitted that a complete set runs into considerable money. The beginner need not be disturbed regarding this point, as it is possible to start working with a few essential tools. Later, as new techniques are learned, the required tools may be purchased. In fact, most horologists build up their tool equipment gradually over a period of years. Horology, it seems, is that type of semi-profession where the unfolding of skills develop in order from one prerequisite to the next. This explains why the tool requirement is one of gradual expansion. Horologists often make, or have a machinist make, tools of their own invention or design as special needs arise.

Tools, Materials, and Supplies

In this section we are concerned with the tool and material needs of beginners and the manner in which these items are prepared for use. We shall explain, also, the reconditioning of tools and supplies which become necessary because of ordinary wear.

Screw drivers. In clock work, three or more large screw drivers of varying widths are needed. As purchased, the blades are too thick and need to be ground narrower to fit the slot in most screws. The student needs a Carborundum grinding wheel 2½ inches in diameter, and mounted on an arbor for use in the lathe. The grinding wheel will prove to be a most essential part of the horologist’s equipment, being useful in innumerable ways besides that of reconditioning tools.

Watch screw drivers especially must be kept in good condition. In grinding these, use an eye loupe. Hold the blade to the side of the wheel, and finish by slightly touching up the end of the blade on the front face of the wheel. Watch screw drivers are sold in sets of four or five. Two additional screw drivers, called jewel screw drivers, are needed to remove the very small screws that hold the cap jewels in place.

Gravers. Gravers for turning in the lathe are ordinarily made of fine Swedish steel, hardened and tempered ready for use. These are sharpened on an Arkansas stone by adding a small amount of Pike oilstone oil. Hold the graver as one would grasp a pen or pencil and, with a sweeping motion, grind the graver to the shape shown in catalogs of tool dealers.

In recent years, an extra hard alloy called carbide has been used for gravers. It can be sharpened only on a diamond lap and is useful in cutting the hardest steel. Carbide is very brittle, chips easily, and cannot, therefore, be ground to a long point.

Tweezers. The supply of tweezers should be quite large. Long, heavy tweezers are needed for clocks, and smaller delicate tweezers for watches. One pair with extra fine and thin points are used for balance springs and should not be used for any other work.

Tweezers, like screw drivers, need to be reconditioned occasionally. Spread the points so that they lie on both sides of the grinding wheel. Rest the other end of the tweezers on the bed of the lathe. Now bring the inside of one point to the grinding wheel and grind the surface. Reverse the tweezers and grind the other point. This takes some practice to do a good job, but it is possible to restore the tweezers to a condition as good as new.

Eye loupes. For general use, a 3-inch glass is needed. For balance pivots of watches, use a pivot loupe for examination. An extra strong loupe, ½-inch focus, is often desirable. The material catalogs show a wide selection from which to choose, and it is advisable to purchase only the better grades.

Other essential tools. Many uses will be found for flat-nosed pliers, and cutting pliers. A Number 1 file is required for general use, and for specialized requirements we need a set of needle files. The beginner’s equipment also includes two small hammers, one with a steel head for riveting and one of brass for use with the staking tool. There are, of course, many other tools, but these will be mentioned when the various types of repair jobs are taken up.

Materials for clocks. In order to start work at all, we shall need cleaning solutions. High-test gasoline or white gasoline may be used on alarm clocks, but in the better grade of clocks where the movements are taken completely apart, it is preferred to use the especially prepared cleaning solutions sold by material dealers. To clean a clock movement, a rather stiff washout brush is required. Use pegwood for cleaning the holes in the plates and chemically treated sawdust for drying the plates, wheels, and other parts.

A supply of clock pins, and clock washers is needed, for these are sometimes missing in the clock or possibly lost in the course of repairing. A bottle of clock oil is obviously needed, together with an oiler which may be purchased or made from a large broach. An assortment of clock bushings is desirable, although these can be made when required. Pendulum rods and mainsprings are usually purchased as needed.

Materials for watches. The materials for watches are, of necessity, much more numerous than those for clocks. In addition to cleaning and drying solutions, watch oil, oilers, oil cups, and pegwood, we need a stock of mainsprings, balance staffs, balance jewels, plate jewels, roller jewels, timing washers, watch papers, jewel cement, crystal cement, and pith. It is desirable, too, to have a large collection of old watch movements from which parts can be taken.

GRINDING AND POLISHING POWDERS

The grinding and polishing of steel parts, train wheel pivots, and balance pivots require the use and preparation of a variety of abrasive and polishing powders. These include Carborundum powder, oilstone powder, crocus, saphirine, and diamantine. The above items are listed in the order of their abrasive qualities. Carborundum cuts rapidly and produces a coarse, grey finish. The powder is made in several grades, but only the finer grades are useful in horology. Oilstone powder is quite fine, but leaves a grey finish. It is used in reducing square shoulder pivots of train wheels of small clocks and watches. For the final polish saphirine, or diamantine may be used. The preparation of any of these powders is as follows: Secure a three-section polishing block and use the lowest section for the oilstone powder. Place a small amount of the powder on the metal disk, add a little watch oil, and mix with the blade of a pocketknife to a thick paste. The other powders are prepared in the same manner. The second section is used for crocus and the top section for saphirine, or diamantine.

GRINDING AND POLISHING SLIPS

The abrasive and polishing mediums as prepared on the polishing block are used in connection with iron, bell metal, and boxwood slips. Iron is used with the oilstone paste, bell metal with the crocus, and boxwood with the saphirine or diamantine. Some workmen use the saphirine or diamantine in its dry condition by merely applying it directly to the boxwood slip.

Iron and bell metal slips are prepared for use by filing the piece crosswise with a medium file. The abrasive material becomes imbedded in the grooves when used. When the grooves become worn, the filing is repeated.

In the treatment of balance pivots, the Arkansas slip may be used for reducing, the jasper slip for additional smoothing of the work, and finally the boxwood slip with the polishing material for the final polish. Steel burnishers are sometimes used to produce a hard surface on train wheel and balance pivots.

Arkansas and jasper slips become worn with use. These can be restored to their original condition by sliding the sides on a piece of ground glass previously covered with a mixture of Carborundum powder and oil.

The Workshop, the Bench, and Working Conditions

Having considered some of the essential points relative to the beginner’s tool equipment, let us now take a look at the shop. If windows facing the north are not available, large double-tube fluorescent electric lamps should hang over the bench at a distance of about 8 feet from the floor. In addition to this, the bench should be fitted with a double-tube fluorescent lamp with a long adjustable arm so that the light can be moved in any position. The best possible lighting equipment is important to save the workman’s eyes from any extra strain.

The floor should be covered with a light-colored linoleum so as to aid in the finding of watch parts that may be dropped. Right here the student should be cautioned always to have the apron of the bench pulled out while working. All watch-repair benches are fitted with aprons, and the newer benches are provided with an extra wide apron which helps greatly in catching the parts that are dropped or flipped out of the tweezers.

The top of the bench should be of wood, finished in a light color or painted with a white enamel. A bench plate finished in white enamel may be purchased from material dealers. This provides an excellent surface upon which to work. The top of the bench should be kept clean. Wash the bench plate every morning before starting work.

The modern watch bench is well supplied with drawer space. There should be a fixed place for every tool and every tool in its place. The only small tools that may be left on the bench while working are: the bench blocks, eye loupes, tweezers, screw drivers, oil cups, and oilers. Oilers are inserted in pith to keep the tips clean.

The staking tool box is placed in a handy position on the rear, right corner of the bench. The lathe is fitted near the front of the left side. Many horologists belt the lathe directly to the motor, but a countershaft in addition is much preferred.

The other tools used quite frequently should be arranged in drawers that are handy and accessible. Tools used less frequently may be placed in drawers not quite so handy but within easy reach. In other words, the arrangement of tools should be so planned as to make for pleasure and efficiency. An orderly arrangement avoids the possible inconvenience of endlessly hunting for this or that tool, thereby causing confusion and frustration.

The horologist should be supplied with a posture chair, with cushion and an adjustable back. Since the workman spends long hours at the bench, it is essential that satisfactory comfort is provided if peak efficiency is to be expected. The type of chair is important if a tired and aching back is to be avoided.

The above analysis suggests that the horologist, to be successful, must work under ideal conditions — that is, conditions wherein one can remain calm, peaceful, and relaxed. Watch repairing cannot be rushed, and working to some deadline should be avoided as much as possible.

The shop should be well ventilated, cool in summer and comfortably heated in winter. And more important still, the shop should be located apart from the store proper, where there would be little noise and commotion.

Now that the basic considerations have been outlined, we are ready to examine, clean, and repair a clock. This is the subject with which the next chapter has to deal.


PART I

Chapter Two

PRACTICAL CLOCK REPAIRING

THERE ARE SO many different types and grades of clocks that an analysis of repair methods must, of necessity, be quite general. The treatment, however, is entirely practical and, we believe, sufficiently complete to cover all popular types of clocks — the clocks that are found in most homes and offices. The analysis to follow deals with the cleaning and oiling of the popular American mantel clock with counting wheel striking mechanism. The methods outlined apply just as well to the cleaning of French, English, and German clocks, regulator, chime, and grandfather clocks.

Repairs apart from cleaning are given special treatment in later sections of this chapter.

The 400-day clock and the American alarm clock are given separate consideration, inasmuch as these clocks are in a class by themselves.

Cleaning and Oiling the American Striking Clock

Removing movement from the case. Removing the movement from the case is generally a simple matter and, in most cases, too obvious even to call for an explanation. American mantel clocks in wooden cases are so designed that the hands and gong must be removed first. This done, remove four screws that hold the movement in place and lift out the movement. A problem presents itself if one of the mainsprings is broken. In this case wind the good spring fully and pull out first the side that contains the good spring. The movement will, of course, come out with difficulty, but take care to avoid bending the wheels.

Dismantling the movement. Before taking the movement apart, examine the striking train and see if there are marks on the wheel and pinion which perform the function of locking and warning. If there are none, mark with the graver the point where the wheel gears with the pinion. If this is done, the striking mechanism may be assembled by noting the marks, and the timing remains correct — that is, if it was right before dismantling.

The mainsprings are let down with bench keys, but before doing so place spring clamps over each spring. New mainsprings are enclosed in clamps, and several sizes may be acquired with the purchase of springs. These are saved for future use. Place the key that fits on the square of the winding arbor, release the click, and allow the spring to run down slowly by letting the wooden handle slip between the thumb and fingers.

After the springs are let down completely, examine the freedom of the pivots in the holes in the plates. Noting the condition of wear, remove the top plate and lift out the timing train, keeping the several wheels together. Next remove the striking train and levers and keep these parts together and separate from the timing train. The parts may now be given further examination. See if the pivots are worn or in need of polishing. Next examine the pallets. These usually need polishing, and the work may be done with a Number 0 emery stick. If badly worn, the grooves need grinding out on an emery wheel or Carborundum wheel, afterwards polished on a hard felt buffing wheel charged with rouge.

Determine if the wheels are tight on their arbors. Bent escape wheel teeth are common faults, and every tooth should be examined. The locking pin on the warning wheel is often found to be loose. Broken teeth and broken train wheel pivots are sometimes found as a result of a mainspring breaking. The method of repairing these and other faults will be considered in another part of this chapter. Assuming that the clock is in good condition, we shall proceed with the cleaning.

Cleaning the movement. Some of the cleaning solutions intended for the watch cleaning machines are satisfactory, provided the solution is of a type that may be mixed with water. Fill a large basin with the cleaning solution. Place in the solution the plates, wheels, and other parts, and allow them to stand for several minutes. Brush the parts thoroughly with a rather stiff brush. Sharpen peg-wood to a point and work vigorously in the holes in the plates. Rinse the parts in warm water and shake in warm boxwood sawdust until dry.
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