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FARM MECHANICS



PREFACE

THIS book has been prepared to meet the increasing need for a textbook on the mechanical processes commonly taught in agricultural high schools and colleges, and in industrial schools. Many teachers of vocational agriculture who find it difficult to organize suitable projects for their students will find that the exercises in this text have been worked out to meet their needs. The book should also be widely useful as a reference and instruction book on the farm.

The types of work covered, while primarily representing the common branches of mechanical activity required under rural conditions, are, in most cases, applicable to the requirements of the industry upon which each type has a bearing.

Each part of the book deals exclusively and comprehensively with one particular type of work, as woodwork, cement work, forging, etc.; a fact which should contribute to its usefulness, both as a text and as a reference book. Thru further divisions into chapters and numbered topics, a greater possibility of locating, at any time, the various details and descriptions is offered.

The treatment thruout the book is thoroly practical. Emphasis is placed upon the proper use of tools and materials in their application to projects. The projects are selected from the standpoint of the practical application to the needs of the student. The gradation of projects within each of the parts has been kept in mind. The plan has been to treat each topic in such detail that the teacher who has a variety of mechanical work going on in his classes at one time may be largely relieved of the burden of class instruction, and can devote his energies to the needs of the individual pupil. Working drawings and specifications for many of the projects have been given. Each of these projects is analyzed into its sequential operations with numerous references to the previous projects for specific details. Many supplementary projects are provided.

The authors are indebted to their many friends who have given freely of their material and advice. They wish particularly to acknowledge the use of material furnished by the University of Illinois, the University of Missouri, the Iowa State College, the Portland Cement Association, and of cuts furnished by several trade journals and taken from state bulletins.

FEED D. CRAWSHAW.

E. W. LEHMANN.
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PART I

WOODWORKING

CHAPTER  I 

TREES AND LUMBER

1.   Logging. The student is familiar with wood in two forms. One is logs and the other is lumber. It is not only desirable as information that you know the common trees, but it is necessary for practical purposes that you know different kinds of wood when you see them in boards.

Timber is first “spotted” by men who go thru the forest to mark with an ax those trees which are to be cut. It is then felled (chopped or sawed down) and trimmed by having all limbs cut off. The body, or trunk, of the tree and the limbs which are large enough to be sawed into boards are cut to board lengths of twelve, fourteen, or sixteen feet, etc., forming logs. These logs are rolled, hauled or skidded into a clearing to be piled up, measured and later transported to a saw-mill.

While in large piles in the clearing, which is an open space in the woods where the logs are said to be “banked,” they are scaled. This is measuring and estimating the number of board feet in each log. Each end of the log is measured and marked with the owner’s number.

The banking ground is frequently near a river and on a level above that of the water in the river, so that the logs can easily be rolled down into the stream, where they are allowed to drift to some point down stream, to be collected in a bog, or set-back, near a mill, and then to be sorted and later run into the mill and sawed into lumber. In case it is not possible to transport logs in the natural way, as just described, they must be hauled by team or train to the mill.

This description is very brief and is designed merely to give the outstanding facts in the process of felling trees and conveying them cut up to the mill. The reader is referred to Noyes’ Handwork in Wood, published by The Manual Arts Press, Peoria, Illinois, for an adequate description of this process and for a bibliography on logging.

2.   Milling. The logs are conveyed from the mill pond or yard into the mill by means of an endless chain and the “jack ladder” which is an inclined platform running from the mill into the water of the mill yard. The endless chain which runs over this inclined platform is fitted with studs which engage with the logs as they are directed toward the jack ladder by men with long spiked poles. The logs are carried end to end into the mill and there are inspected for stones which may be lodged in the bark. A flipper, controlled by steam, throws each log to the side when the operator of the machine throws a lever. The log now rolls down an inclined plane to a stop made of heavy iron which is located at the edge of the saw table. When the operator of the saw wants a log, he releases the stop. This operation permits one log to roll onto the saw table, where it is dogged, or clamped, to the table.

The saw table moves backward and forward. With each passage of the table, a large circular, or band, saw cuts off a board. When two or three boards have been removed from the side, the log is turned completely over and a similar operation is performed on the opposite side.

By easily-controlled machinery, the log is revolved or moved into different positions to be sawed into boards. It is sent from the saw to the edger and the cross-cut, or butting, saw on “live” rollers which revolve on a horizontal table and transmit the boards at a rate of 200 to 250 feet per minute from one place to another. Finally, the boards, now known as lumber, are transferred to a shed, where they are sorted as to size, quality and cut, and then again transferred out of doors to be piled for air-seasoning until sold for construction purposes.

[image: image]

FIG. 1. Methods of sawing lumber. A, slash-sawing; B, quarter-sawing.

[image: image]

FIG. 2. End of log, showing annual rings and medullary rays.

Boards are usually slash-sawed, the term used for parallel sawing (A, Fig. 1). However, they are also rift-sawed or quarter-sawed, which means that the saw cut is radial, as shown in B, Fig. 1. The advantage of the radially-sawed board is that the edges rather than the sides of the fiber of the wood form the surface of the board and thereby make a more even grain and one which wears better.

3.   Tree Growth. When a tree is sawed down, the sawed end will show concentric rings (Fig. 2). Those near the center are more compact than the ones near the outside. The center portion is called heart wood; the outer portion, sap wood, because it conducts the sap which gives vitality to the tree.

Each ring, if observed closely, will be found to be made up of two layers—one denser than the other. These are called annual rings because one pair of rings is formed each year. The dense portion of the ring is the result of winter growth, and the porous part is that formed in the spring and summer when the growth is most rapid.

Upon closer inspection, it will be observed that these rings are crossed by radial lines running from the center to the bark. These are called medullary rays. In a sense, they help to bind the rings together. When cut at a slant, as they may be in radial- or quarter-sawing, these rays, which are very solid, will appear as light spots in the grain of the wood shown on the surface of a board. The beauty of quarter-sawed wood when polished makes certain kinds of it very desirable for interior finish and furniture construction. One of the woods which has this particular feature emphasized is oak. Other grain irregularities, such as wanes and gnarls, make attractive wood surfaces. Curly birch and bird’s-eye maple are conspicuous examples.

4.   Seasoning. One of the most important parts of the preparation of wood for construction use is its seasoning or drying. A properly-seasoned board is lighter than one not seasoned. It is stronger and is not subject to change of volume which causes checking and warping. Of the several methods of seasoning, the best is natural-air-drying, which takes from two to six years. In this process, boards are piled up with broad surfaces horizontal and separated one from another by thin strips of wood known as sticks. The boards in a particular layer are placed so that edges will not touch; hence, air is permitted to circulate throughout the pile and come in contact with all surfaces. The piles are set up a foot or more from the ground, one end being a few inches higher than the opposite one. They are covered with boards to protect the drying lumber from rain and sun.

In order to produce lumber quickly for construction use, it is artificially seasoned or kiln-dried. This reduces the mois-ure of the wood to perhaps five per cent, whereas, in the natural process, ten per cent is the approximate minimum. However, kiln-dried lumber will more quickly re-absorb moisture. As most lumber nowadays is seasoned by some artificial means, it is advisable to pile it in shops as for air-season-ing. In case there is a tendency to warp, it is sometimes advisable to clamp a board to a flat surface, concave surface down, or clamp two boards together with the concave surfaces facing each other.

Whenever a board is dressed, it is well to plane both broad surfaces, especially in the case of air-dried lumber, in order to open the pores, as it were, on both sides and thus make the exposure conditions uniform throughout. If the ordinary means of overcoming warping are not sufficient, it is sometimes possible to straighten a board by heating the convex side and, possibly, at the same time moistening the concave side. The heating can be done by laying the board on top of a furnace.

5.   Measurements and Calculations. Lumber is measured by the so-called board foot, which is one foot square and one inch thick.

There are two satisfactory methods of calculating the number of board feet in a board or a number of boards:

Rule 1.   Multiply thickness in inches by width in inches by length in feet, and divide by 12. Example:[image: image] = 16-1/3 board feet.

Rule 2.   Multiply the thickness in inches by width in feet by length in feet. Example: [image: image] = 16 1/3 board feet.

The possibility of cancellation in the second method makes it shorter and, consequently, preferable.

When purchasing lumber, give the dimensions in the order of thickness, width and length, as: 8 pieces 5" x 9" x 12'.

In quantities, lumber should be ordered as follows:

Example 1.   1000'   Norway   pine   dressed two sides to 7/8", 9" and up. This makes the minimum width 9".

Example 2. 1000' White Pine S4S 7/8" x 5" x 12'. This means all boards are to be surfaced on all four surfaces and the dimensions are to be uniform, viz.; 7/8" thick by 5" wide by 12' long.

6.   Trees. Trees are divided into two general classes known as the broadleaf, or hardwoods, and the needleleaf, or softwoods. In each of these classes, there are many varieties which are of great value in some one or more forms of construction work. Those listed below are only a few of particular significance, either because of their general use, or because of their prevalence in agricultural or industrial communities:

[image: image]
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[image: image]

[image: image]
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The trees above listed are “exogenous,” which means that they grow from the inside out. There are a few trees which are “endogenous,” or inward-growing. These are the palm, yucca and bamboo, all of which grow in southern countries, principally in the tropical region. They have little value in this country except for novelty furniture and, when shredded into cane, for chair seats, etc.





CHAPTER II

WOODWORKING TOOLS

7.  Classification. Practically all woodworking tools are listed below under a classification based on use (Figs. 3, 4, 5, 6 and 7). The particular use of each tool is explained in the instructions given for the several projects. It is believed that one will learn best how to use a tool by actually using it in making something of material value.

[image: image]

FIG. 3. a, jointer plane; b, jack plane; c, block plane; d, smooth plane; e, hand drill; f, automatic drill.




	
Dividing Tools:

	Planes (jack, smooth, block, jointer, rabbet, moulding, tongue and groove, router),



	
	Chisels (firmer, paring, framing, mortise),



	
	Saws (rip, crosscut, back, turning, compass, dovetail),



	
	Knife,



	
	Ax,



	
	Wedge,



	
	Draw-knife,



	
	Spoke-shave.





[image: image]

FIG. 4. a, rip-saw; b, crosscut-saw; c, try-square; d, jig-saw; e, bevel square; f, hammer; g, auger bit; h, drill bit; i, brace and bit.




	
Boring Tools:

	Bits (auger, center, Forstner, expansive),



	
	Drills (single- and double-cut),



	
	Gimlet,



	
	Brad-awl,



	
	Reamer,



	
	Countersink.





[image: image]

FIG. 5. a, gouge (inside ground); b, gouge (outside ground); c, draw-knife; d, spoke-shave; e, spoke-shave; f, turning-saw: g, compass; h, wood rasp; i, hatchet.




	Chopping Tools:
	Ax,



	
	Hatchet,



	
	Adz.



	Scraping Tools:
	Scraper,



	
	Rasp,



	
	Files (single-cut, blunt, flat, bastard, doublecut, taper, half-round).



	
Pounding Tools:

	Hammers (claw, upholsterer’s, riveting, veneering),



	
	Mallet,



	
	Nailset.





[image: image]

FIG. 6. a, carpenter’s square; b, mallet; c, mortise gage; d, marking gage; e, nailset; f, tang chisel; g, socket chisel.




	Holding Tools:
	Bench,



	
	Vise,



	
	Saw-horse,



	
	Bench-hook,



	
	Handscrew,



	
	Carpenter’s clamps,



	
	Pliers (end-cutting, side-cutting),



	
	Pinchers (nippers),



	
	Bit-brace.



	
Measuring and
Marking Tools:

	Carpenter’s square,



	
	Rule (two-foot, steel or scale),



	
	Try-square,



	
	Bevel square,



	
	Marking gage,



	
	Compass.





[image: image]

FIG. 7. Woodworking bench with the tool rack.




	Sharpening Tools:
	Grindstone,



	
	Grinder,



	
	Slip stone,



	
	Oilstone,



	
	Saw-filing machine.



	Cleaning Tools:
	Broom,



	
	Brush,



	
	Buffer.









CHAPTER III

SAWS AND SAWING

Suggested Projects:

a) Garden marker (Fig. 8).

b) Flower trellis (Fig. 9).

c) Window stick (Fig. 10).

d) Buggy axle rest (Fig. 11).

e) Peck crate (Figs. 12, 13, 14).

[image: image]

FIG. 8. Garden marker.

[image: image]

FIG. 9. Flower trellis.

[image: image]

FIG. 10. Window stick.

8.   Saws Used. The tools emphasized in this group are the crosscut-saw and rip-saw. Auxiliary tools are the hammer, brace and bit, bevel square, try-square and marking gage.

While there are many saws which constitute a complete equipment, as indicated in the classification of woodworking tools (Sec. 7), there are three only which are used generally —the crosscut-, rip- and back-saws.

9.   Rip-saws. The formation of the teeth on a rip-saw is shown in Fig. 15. This saw cuts with the grain and, consequently, cuts off the ends of the wood fiber (Fig. 16). The teeth, filed squarely across the saw-blade, form a series of chisels. Alternate teeth are set to one side of the blade, one series being set one way and the alternate series the other way (Fig. 15). The saw-blade is thus made thicker on the tooth edge of the blade than elsewhere, permitting the saw to pass thru the wood without binding while it makes its cut, or “kerf”.

[image: image]

FIG. 11. Buggy axle rest.

[image: image]

FIG. 12. Peck crate.

[image: image]

FIG. 13. End of peck crate.

[image: image]

FIG. 14. Bottom of peck crate.

The baek-saw is a combination of the rip and crosscut in tooth formation, and is used for cutting either with or across the grain, particularly where fine sawing is required, as in the making of joints.

[image: image]

FIG. 15. Shape of rip-saw teet.

[image: image]

FIG. 16. Position of rip-saw in action.

10.   Crosscut-saws. The teeth of a crosscut-saw are filed on both the front and back edges at an angle with the surface of the saw-blade (Fig. 17). This saw cuts across the grain, and does its work as it makes its forward stroke. The aw is “set” by pushing all teeth outward from the sides which are filed. This results, as in the case of the rip-saw, in forming two series of teeth, those of one series being pushed toward one side of the blade, and those of the other in the opposite direction (Fig. 17).

[image: image]

FIG. 17. Shape of crosscut-saw teeth.

Working Instructions jor Flower Trellis.

Stock: 1 piece, 1" x 5" x 32".

Soft, straight-grained wood. (Drawing, Fig. 9.)

 

11.   Rip-sawing. The chief tool exercise in this project is rip-sawing. It is more difficult to make a series of parallel rip-saw cuts than to make an individual one. In this project, the cuts must be made with great care, that one fan strip may not be weakened more than another. The guide lines must be followed accurately.

There is a possible element of difficulty in sawing each edge of the trellis stock to a taper. The saw must run at an angle with the grain. The piece should be placed in the vise with the end that goes in the ground at the top, and the taper line to be followed by the saw must be in a vertical position (Fig. 18). The saw should run just outside the line in the waste stock.

[image: image]

FIG. 18. Correct position when using rip-saw.

12.   Squaring and Measuring for Length. Select the best surface (1) and the best edge (2,) as in Fig. 19. With the try-square blade on one face, called the face side, and its beam on one edge, called the joint edge, square a line across the face side near one end (Fig. 19).

With the beam of the try-square on the face side and the blade on the joint edge, run the try-square with the left hand toward the end of the line squared across the face side until the blade touches the blade of the knife held in the right hand, the point of the knife-blade being on the end of this squared line. With the try-square in this position, square a line across the joint edge (Fig. 20).

Measure the board for length from the squared line on the face side and mark a point with the end of the knife-blade (Fig. 21). Using the try-square as just described and holding the end of the knife-blade in this point, bring the square up to the knife, square a line across the face side, and then, as on the first end, across the joint edge. The board is now marked for length (Fig. 22).

[image: image]

FIG. 19. Position of try-square when squaring face side.

[image: image]

FIG. 20. Position of try-square when squaring edge.

[image: image]

FIG. 21. Marking for length.

[image: image]

FIG. 22. Board marked for length.

13.   Gaging for Width. Gage two lines on the face side —one 3-1/2" and the other 4" from the joint edge.

Set the marking gage so that the width of the board is indicated by the distance from the marker to the stop (Fig. 23). This distance should be measured with a ruler before using the gage (Fig. 24). Inspect the marker before setting the gage to see that it protrudes from the beam of the gage about 1/32" and that it is filed to a knife edge parallel to the surface of the stop (Fig. 25).

[image: image]

FIG. 23. Setting the marking gage.

[image: image]

FIG. 24. Testing gage with rule.

Hold the gage on the face side of the wood with the head against the joint edge (Fig. 26), and run the gage from the end of the wood nearest you to the far end, which, in the case of a long piece, may be rested on the bench (Fig. 27). The relative position of the gage and the wood is shown in Fig. 28.

[image: image]

FIG. 25. Correct shape of point of marking gage.

[image: image]

FIG. 26. Position of gage when marking on wide boards.

Do not roll the gage as it is pushed over the surface of the wood, as this will make the marker run too deeply into the wood.

The board is now marked for width (3-1/2"), with another mark to guide the rip-saw in its first cut, and to provide a 1/2" strip along the edge of the board to be used in fastening the fan strips on the end of the trellis (Fig. 29).

14.   Marking Fan Strips. Lay off six points on the fan end of the board, 1/2" apart. Do this by laying the graduated edge of the ruler across the end of the board on the face side, with the end of the ruler against the joint edge and the graduated edge on the squared knife line, and making a point with a sharp pencil at each 1/2" graduation mark on the ruler (Fig. 30).

[image: image]

FIG. 27. Correct method of holding gage and stock.

[image: image]

FIG. 28. The correct angle for position of gage.

With a straight edge, connect each one of these points with the center point of the 3-1/2" strip on the other end of the board. The outside lines only need be drawn the full length. All others should be drawn a distance equal to the depth of the saw cuts for the fan strips (Fig. 31). The bottom of these cuts should be located by a squared pencil line across the face side of the board, as should the position of the center line of each of the bolt holes (Fig. 32).

[image: image]

FIG. 29. The board after gage lines have been drawn.

[image: image]

FIG. 30. Measuring for fan strips.

15.   Boring Holes. Place the board edge up in the vise. With a 5/16" auger-bit in the bit-brace, stand squarely before the board, placed horizontally edgewise in bench vise, with spur of bit on center for one of the holes to be bored for bolts and with bit in a vertical position (Fig. 33). This position may be tested by the use of the try-square (Fig. 34). With left hand on knob and right hand grasping the handle, turn the handle clockwise until about one-half of the hole is bored. Repeat this operation in boring the second hole. Reverse the board in the vise and bore the second half of each hole. Great care must be taken to make all borings straight to secure holes without shoulders near the center.

[image: image]

FIG. 31. Laying out rip-saw cuts.

[image: image]

FIG. 32. The board marked for bolt holes.

16.   Sawing Ends. The saw works at an angle to the surface of the board (Fig. 35). The strokes are taken the length of the saw without exerting more pressure than to guide the saw. The squared line on the face side should be touched by the saw as it goes across the surface (Fig. 35). The squared line on the joint edge should be touched by the saw as it finishes its cut thru the board. In a similar manner saw to the squared lines on the other end of the board.

When sawing, place the board on the top of wooden horse with its end projecting over the end of the horse and with face side up and joint edge toward operator (Fig. 36.) Hold the stock with left knee and left hand, allowing thumb of left hand to guide the saw when beginning the cut. The first stroke should be upward. Very little pressure is used in downward strokes, and none in upward strokes.

[image: image]

FIG. 33. Correct method cf using auger bit.

[image: image]

FIG. 34. Testing for squareness when boring.

[image: image]

FIG. 35. Position of crosscut-saw when cutting.

[image: image]

FIG. 36. Correct position of operator using a crosscut-saw.

17.   Ripping Of! One-half-Inch Strip. Place the board with long dimension vertical in the vise. Have the gage lines 3-1/2" and 4" from the joint edge beyond the end of the bench (Fig. 37). Stand squarely in front of the board with right hand grasping the handle of the rip-saw (Fig. 18), allowing the index finger to rest on the side of the handle. Grasp the upper left-hand corner of the board with the thumb and the first two fingers of the left hand, stand in a bracing position, and place the saw on the upper end of the board in a position to draw it toward you. Pull the saw slightly downward without pressure and guide it against the thumb of the left hand. Make the stroke approximately the length of the saw Fig. 37. Stock put in vise blade. In a similar manner push the saw from you, slightly upward. Continue this backward and forward motion, gradually bringing the saw to a horizontal position, or nearly at right angles with the surface of the board. The saw should always be cutting so that the angle formed between the cutting edge and the board on the operator’s side is less than 90 degrees. In this manner saw on the outside of the vertical gage lines on the left (Fig. 37) in sawingtothe 3-l/2"and 4 "gage lines.

[image: image]

FIG. 37. Stock put in vise for rip sawing.
 
[image: image]

FIG. 38. Rip-sawing at an angle over the grain.

18.   Ripping Tapered Edges. Place the board vertically in the vise with fan end downward and marked surface toward the front. One of the lines indicating a tapered edge of the trellis must be vertical (Fig. 38). Saw to this line in waste stock, leaving a sufficient amount of stock to plane finished edge on the board. Reset the board in the vise so that the second line making a tapered edge is vertical. Saw to this line as to the first one.

19.   Ripping for Fan Strip. Place the board vertically in the vise and carefully saw on each line, marking the dividing line between two fan strips so that one-half of the kerf is taken on each side of the line. The end of each of these cuts must be square with the surface of the board, and must be exactly on the pencil line which limits these cuts.

All sawing on the board is now completed. Plane the two tapered edges and the back of the board.

To secure a definite thickness, the board may be gaged for thickness on finished tapered edges before the back of the board is planed.

[image: image]

FIG. 39. Nailing the trellis.

Insert a stove bolt in each of the holes bored, and fasten in position with a washer under both the head of the bolt and the nut.

Plane the strip which was first sawed from the edge of the board. Saw off 12-1/2" of it, being certain that each end is square. With try-square and sharp pencil, mark a center cross-line on one edge of the strip. This line locates the center position for the end of the middle fan strip. Similarly on this supporting strip locate the center position for each of the other fan strips. With this line at the center of the middle fan strip and with trellis in natural position in the vise, nail the strip to this middle fan strip at the center of its end with two 1" brads, each about 3/16" from the outer surface of the trellis (Fig. 39).

Carefully bend each of the outside fan strips to its proper position, and fasten it with two brads as in the case of the middle fan strip. In like manner, fasten each of the other strips. This work must be done with great care to avoid splitting either the supporting or any one of the fan strips. A wise precaution against such an accident is to bore holes with a brad-awl for each of the nail holes.

Supplementary Instructions.

20.   The Buggy Axle Rest and the Measuring Crate require the use of tools not described in instructions for the flower trellis.

[image: image]

FIG. 40. Bevel square used with a protractor.

[image: image]

FIG. 41. Bevel square used in geometric construction.

21.   The Bevel Square, which is used to lay off the angles of the ends of the braces in the buggy axle rest, is shown in Fig. 4. It has an adjustable blade. It may be set by placing it upon a protractor, as shown in Fig. 40, or for the more common angles, it may be set on the edge of a board with a geometrical construction made near this edge with compass and straight-edge, as shown in Fig. 41. The angle of 45 degrees is easily secured by placing the edge of the bevel-square blade thru two equal graduations on the sides of a carpenter square, as shown in Fig. 42. A bevel angle should be laid off with a bevel-square, much as a right angle is with a try-square.

[image: image]

FIG. 42. Setting bevel square to an angle of 45°.

[image: image]

FIG. 43. Laying out with bevel square.

Each end of the brace in the buggy axle rest should be completely defined by making bevel-square lines on edges and try-square lines on broad surfaces (Fig. 43).

22.   Nailing. The nailing exercise is the principal one in the construction of the measuring crate, aside from the use of the try-square and crosscut-saw, as it is assumed that lath or strips dressed to dimensions will be used as stock.

[image: image]

FIG. 44. Proper use of hammer.

The hammer should be grasped in the right hand near the end of the handle and swung freely from the elbow in a vertical plane with but slight wrist and shoulder movement. The thumb and finger of the left hand should hold the nail (Fig. 44).

Where a good many operations are repeated, it is often well to use a form, or jig, to Fig. 45. Jig for secure uniform results and to avoid waste of nailmg. time in unnecessary preliminaries in making each individual operation.

[image: image]

FIG. 45. Jig for nailing.

Fig. 45 shows jig which might be used in locating and driving nails when fastening crate strips on corners. The holes are sufficiently large so that when the jig is placed over the end of a crate strip in position to nail, and the nail is driven thru the jig hole, the jig may be lifted off, the head of the nail being smaller than the hole in the jig.
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