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Introduction

The 2006 edition of Modern Woodworking maintains its scope and depth, making it a state-of-the art text.
The book includes updated information on the following topics:

* Adhesives * Shop safety

* Edgebanding * Wood finishing terms

* Plate joinery * Water-based finishes

* Toggle clamps * Cordless drills

* Solid surface materials * Plunge routers

* 32mm construction * Laser cutting tools

* New surface laminates * Sliding tables

¢ CNC routers * Choosing the right solvent
* Detail and random orbit sanders ¢ Pocket cutters

* Power compound miter saws .

New OSHA and EPA regulations

Modern Woodworking provides basic information about wood and wood products: selection, safe use, and
care of hand and power tools; residential construction applications; and proper woodworking procedures.
The text offers exploratory experiences designed to give the student insight into the major areas of wood-
working and to serve as a reference for design and construction principles and methaods. It is intended to
help students develop competent technical skills for good performance in the broad areas of woodworking.

Modern Wbodworking provides information and basic instruction in the areas of furniture and cabinetmak-
ing, wood finishing, laminating and bending wood, plastic laminating, upholstery, and patternmaking. Also
included is a chapter on special procedures in fine woodworking, to enable the advanced student to move
on beyond standard woodworking techniques.

Modern Woodworking contains a chapter on mass production in the school shop. This unit provides suffi-
cient instruction and examples to enable the instructor to develop a meaningful mass production product for
any class. In addition, the technical aspects of wood structure, growth, and physical properties of wood are
included to increase depth of understanding about wood.

Modern Woodworking describes and illustrates many industrial machines, methods, and processes. These
examples are intended to broaden the scope of understanding for the typical woodworking student. The
importance of safety is stressed throughout the text.

Modern Woodworking includes more than 1600 carefully selected illustrations which are coordinated with
the text material. These illustrations help to communicate the important elements of the material presented.
A special section showing 59 native and foreign species of wood is also included.

Modern Woodworking is intended for students in high schools, vocational/technical schools, colieges and
universities, apprenticeship programs, and do-it-yourselfers. It can also serve as a valuable reference for stu-
dents in architectural and interior design and construction.
Willis H. Wagner
Clois E. Kicklighter
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Work quality and good design are evident in this English walnut, oak, and
Brazilian rosewood cabinet by James Krenov.
Dimensions: 23 1/2"" x 14" x 57",
{Pritam and Eames)



Planning is a general term and may be as simple
as determining activities for a day or as complicated
as planning a house (Fig. 1-1), a school building,
or even a space capsule. It means thinking through
an activity before it is performed. In modern in-
dustry, planning is one of the chief functions of the
engineering department. It includes such divisions
as product selection and design, methods of fabrica-
tion, time schedules, plant layout, and equipment
selection. Great emphasis is placed on this activity
because careful planning can save time, materials,
and energy. It also insures a good product and a
profitable operation.

PLANNING WOOD PRODUCTS

In the school shop, you will find that with careful
planning you can avoid mistakes, get more work
done, and do better work. A complete planning
operation in woodworking will include the follow-
ing activities: selecting the project, developing or
refining the design, preparing presentation drawings
and working drawings, developing procedures,
listing materials, and estimating costs.

In order to do a good job of planning in wood-
working, you must have some knowledge of tools,
materials, and methods of construction. If you are
in a beginning class your instructor will very likely
provide specific directions and rather complete plan-
ning materials for your first construction activities.
After you complete several projects and/or exer-
cises, you will then be able to prepare some of your
own plans and designs.

As you gain more ‘’know-how’’ and experience
in woodworking, you will be expected to build more
difficult and complicated projects. These will inten-
sify your interest and you will secure greater
pleasure and satisfaction from the work. Pay careful
attention to directions and demonstrations pre-
sented by your instructor. Study your textbook and

Fig. 1-1.

Planning and design are an integral part of every
sucessful project regardless of size.
(Marvin Windows and Doors)

other reference materials, and prepare and organize
your planning materials so that you can make the
best use of your class time.




Modern Woodworking

WOOD AS A CONSTRUCTION MATERIAL

Wood is one of our most popular and versatile raw
materials. It can be easily formed, shaped, and
smoothed, and offers a variety of tones, grain
patterns, and surface textures. In products where
the visual appearance is of major importance, the
designer makes full use of these characteristics.
Refer to Fig. 1-2.

The porosity or cellular structure of wood pro-
vides a material that is light in weight and relatively
strong. It also makes possible the driving and fit-
ting of nails, screws, and other metal fasteners. This
porosity also accounts for its high insulating value
(thermoresistivity) which makes wood seem warmer

Fig. 1-2. This Queen Anne style highboy exhibits good pro-
portions, sturdy construction, and functional design.
(The Bartley Collection, Ltd.)

to the touch than a piece of metal. For example,
touch a wooden bench top and then the metal jaw
of a vise. Note that the metal seems cooler than the
wood even though they are the same temperature.
This is one of the reasons many people prefer
furniture and cabinets made of wood to those made
of metal or plastic.

DESIGNING WOOD PRODUCTS

Designing is a complex activity that includes
creating, inventing, searching, and developing. Itis
a selective process where ideas are studied, tried-
out, analyzed, and finally either discarded or incor-
porated into the design. These ideas are recorded
in words, drawings, or models.

At the outset, you should formulate a clear, con-
cise statement of the problem, whether it be an
original design or a modification and improvement
of an existing design. This statement should include
a description of the purpose and use of the product
and any specific requirements concerning materials,
size, and shape. Thorough study should then be
given to the problem. Information is gathered and
decisions are made concerning the kind of material
and methods of fabrication. Other products of
similar design are studied. As possible solutions are
visualized, they should be recorded in sketch form.
At times it may be helpful to experiment with a few
pieces of the wood that has been selected. Test its
workability and cut sample joints. A model or mock-
up, built of a soft, inexpensive wood may provide
a worthwhile check on certain designs. These ac-
tivities will require considerable time but are fully
justified when a major project is undertaken.

DESIGN FACTORS

Fig. 1-3 shows the three chief considerations in
design and how they relate. FUNCTIONAL re-
quirements grow out of the use and purpose of the
product. It must serve the purpose for which it is
designed. A chair must provide comfortable support
for the human anatomy. A chest should hold the
articles for which it was designed. A tool holder
must support tools securely, protect cutting edges,
and permit easy removal. The function of a folding
screen may be to separate space while the main pur-
pose of a wood carving or wall plaque is simply to
provide interest and beauty. When the function of
a product has been clearly defined, certain guide-
lines will have been established concerning its form
and other design requirements.

MATERIAL requirements are developed through
a study of those materials that will be most suitable
and appropriate. Consideration must be given to
strength, beauty, durability, and economy. Soft-
woods may be perfectly satisfactory for one struc-



Planning and Designing in Woodworking

APPEARANCE

MATERIALS
AND METHODS

Fig. 1-3. Relationship of important design factors.

ture but unsatisfactory for another. For example:
red cedar, which has many appropriate uses, has
color, grain, and structural qualities that are un-
satisfactory for furniture construction. Select a
wood that has the qualities and characteristics re-
quired. If a dark tone is desired, it is best to use a
dark wood. Staining one wood to imitate another
tends to destroy the feeling of genuineness that is
essential in good design.

Other materials can often be effectively combined
with wood. Metal legs may provide the best solu-
tion in a table design. Be cautious of extreme
contrasts. One material or kind of wood should
dominate. Combinations of light and dark wood,
sometimes used for turnings may detract from the
basic form, resulting in a ‘‘flashy’” or ‘“gaudy’’
product that is soon discarded.

METHODS of construction must be given con-
sideration as materials are selected. The size of
structural parts and types of joints or fasteners used
will not be the same for weak, soft-textured woods
as for those that are strong and hard. Some ex-
perimentation with the material may result in im-
proved joinery methods or a reduction in the size
of parts. Make use of new glues and bonding
methods, plywood and hardboard, laminated con-
struction, special metal fasteners, and other new
methods and products that extend the design poten-
tial of wood.

The APPEARANCE (visual aspect) of the design
is the most difficult consideration to handle,
especially for the beginner. In good design you must
recognize such principles as proper balance, correct
proportion, unity and harmony among the various
elements, points of emphasis and interest, compati-
ble colors, and interesting textures. There are no
firmly established rules or standards that can be ap-

plied to appearance, and learning to recognize good
design will take time and effort. Memorizing a list
of principles will be of little value. Your ability in this
area will grow through experience, practice, and
reflection. Study articles that are well designed.
Analyze them with respect to their function, mate-
rials used, construction features, and methods used
to obtain an attractive and pleasing appearance.

Designers of wood products place great emphasis
on function. They then build the design through the
use of smooth, trim lines, simple shapes and forms,
and interesting grain patterns, colors, and textures.
They are cautious about using extra shapes, carv-
ings, and inlays just to add to the appearance. Their
purpose is to create pleasing visual aspects that
seem to grow from and blend with the function, the
materials, and practical construction techniques,
as in Fig. 1-4.

Before preparing working drawings or starting the
construction of a project, ask yourself some of these
questions about your design. Will the article serve
the function for which it was designed? Have the
most appropriate kinds of wood and other materials
been selected? Does the design make economical
use of the material? Will construction methods be
simple and practical to perform? Has proper atten-
tion been given to proportion and balance? Will the
project be durable and easy to maintain? Is the

Fig. 1-4. The Shakers used folding screens in their hospitals

to divide large spaces into smaller, more private ones. The

frame is made of solid clear cherry, with inset cherry panels.

The finish is oil. Dimensions of each panel: 16’' x 66 1/2"".
{Shaker Workshops)
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design free of superficial ornamentation? Will the
product fit or blend into the surroundings in which
it will be used?

FURNITURE STYLES

Furniture styles have evolved through the years.
Newer styles are often adaptations of those
developed in an earlier period. Many of the period
styles of furniture were developed in Europe dur-
ing the eighteenth century. Kings and queens of the
various countries employed skilled cabinetmakers
who worked full time over a period of many years
to produce elaborate, and often overdecorated, fur-
niture to match their luxurious surroundings. Some
of the designs produced were named for the ruler;
some carried the name of the cabinetmaker.

Furniture styles are generally classified into three
broad categories: TRADITIONAL (also known as
PERIOD), EARLY 20th CENTURY INFLUENCES, and
CONTEMPORARY. Each category contains several
design or individual pieces which have become
recognized by students of furniture as comprising
a style. STYLE refers to a distinctive manner of
designing which is typical of a specific person,
place, time, or group.

Traditional furniture styles, Fig. 1-5, represent dif-
ferent periods of history in France, England, and the

United States. Many European styles were inspired
by rulers who commissioned for designs which they
found appealing. For example, Napoleon inspired the
French Empire Style. In other cases, styles were
sometimes named after the currently reigning
monarch, such as Louis XIIl and Queen Anne. Some
furniture styles were named after the gifted cabinet-
maker who designed and built the furniture. Ex-
amples include Chippendale and Hepplewhite. Fur-
niture of early America is a mixture of many styles
from other countries, Fig. 1-6.

Early 20th century influences (modern) in fur-
niture design was an effort to return to a more
honest and simple design in reaction to the cluttered
Victorian styles of the late 1800s. Examples of this
influence on style include Art Nouveau furniture, the
prairie homes of Frank Lloyd Wright, the Bauhaus
school of design in Germany, and the International
and Scandinavian Modern styles.

Natural, growing forms were chosen as the basis
for Art Nouveau. In other words, furniture of this
time was based on flowing, natural lines ending in
a curve, similar to the bud of a plant. Frank Lloyd
Wright's prairie homes were based on the idea that
a structure, its surroundings, and its furnishings
should be parts of the whole. His prairie furniture
was composed of geometric shapes, slats, and flat
surfaces which were usually natural and void of

Fig. 1-5. Three traditional pieces from early America. Left. Architectural-style clock is walnut. (Mark Clauss) Center. Silver chest

(circa 1850). Right. Desk on frame.

10

(The Bartley Collection, Ltd.)



Planning and Designing in Woodworking

Fig. 1-6. Queen Anne style chairs feature the cabriole leg. This design has remained popular
through the years. (The Bartley Collection, Ltd.)

ornamentation. The Bauhaus style was one of
simplicity. Mies Van der Rohe’s Barcelona chair
came to represent this style. After the Bauhaus
school closed, Mies Van der Rohe and several others
continued their design work. The result of this work
was the International style. It is the outgrowth of
the philosophy that ““form follows function.’” This
style is best characterized by abstract geometrical
shapes and no decoration. Scandinavian Modern and
Shaker furniture are sleek and clean-lined styles of fur-
niture that are both functional and elegant, Fig. 1-7.

Contemporary furniture represents the very latest
designs. It is composed of the new, the experimen-
tal, and the unclassified. Generally, contemporary
furniture is thought of as representing developments
since about 1950. It attempts to provide grace and
charm through the use of interesting forms and
shapes, constructed out of modern materials, and
using the newest methods and procedures, Fig. 1-8.
Beautiful grained hardwoods, especially walnut, are
often used. Plastics and lighter weight metals are
sometimes utilized.

A contemporary design must be carefully based
on accepted principles. Lines and forms must be at-
tractive and provide the utmost in function. Con-
struction must be simple and light but still provide
adequate strength. The development of the design

11

Fig. 1-7. The best known of all Shaker chairs is the so-called
“slat back™ or straight chair from the Canterbury, New Hamp-
shire community. The tall back posts with their delicately rounded
finials and the smooth curved slats give it a look of grace and
beauty. The frame is rock maple. Dimensions: back 42'’ high,
seat 17" high x 18 3/4"” wide x 14" deep.  (Shaker Workshops)



Modern Woodworking

Fig. 1-8. Three examples of contemporary furniture. Top. Turtle table by
Judy Kensley McKie made from walnut. Bottom. Chair and table by David

Ebner.

for a piece of contemporary furniture will generally
require a great deal of thought, study, and ex-
perimentation to produce a lasting design.

SKETCHING

The ability to develop your ideas through freehand
sketches is desirable. The sketches can be made
quickly, using a pencil and paper. They are a good
way to record your ideas. Freehand sketches are
also excellent for showing your instructor what you
have in mind as you secure his or her approval and
suggestions.

12

{Pritam and Eames)

There are several methods of making a sketch.
A beginner should use the procedure shown in Fig.
1-9. First, with the pencil held several inches from
the point, make light block-in lines, Fig. 1-9A. Use
sweeping strokes with the forearm pivoting at the
elbow. It will be easiest to make a series of long
dashes, aimed at a predetermined point. For vertical
or diagonal lines that are long, revolve the paper and
use the same stroking position. A finger movement
can be used for short lines. The position, size, and
overall proportion of your sketch will be determined
by these block-in lines so try to apply good “‘eye”’
judgment to their spacing.
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After major block-in lines are complete, darken
the lines you want to show, Fig. 1-9B. Grip the
pencil near the point and press down firmly. Follow
along the block-in lines with a series of strokes
formed by a wrist movement. Move your hand to
a new position after several strokes are made. Ver-
tical or diagonal lines may be made by shifting the
paper or using a finger movement.

Details are sketched in about the same way, Fig.
1-9C. Sometimes it may be helpful to use a ruler
to lay out a few sizes of a detail as shown. After
the measurements are made, continue to draw the
lines freehand. The keynote of the sketch is speed.
If you take time to draw too many mechanical lines

Fig. 1-9. Steps in making a freehand sketch. A—Blocking-in.
B—Darkening outlines. C— Adding details.
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Fig. 1-10. Sketching procedure.

you will defeat this purpose. Procedures for mak-
ing circles and curves are shown in Fig. 1-10.

The degree of refinement in a sketch is deter-
mined by its use. Sketches, hurriedly made to sup-
plement an oral description can be rough and in-
complete. As you think through a problem, quick
sketches will help you record your ideas so they will
not be forgotten. Accurate and complete sketches
can be made of final solutions.

The beginner may become discouraged with first
attempts at sketching because he/she sets too high
a standard in line quality. A great deal of practice
is required before *“snappy looking’’ drawings can
be produced by this method. In freehand sketching,
give most of your attention to approximate propor-
tions and try to keep the lines running in about the
correct direction. Do not attempt to produce per-
fectly straight and accurate lines. Drawings requir-
ing this level of line quality should be made with
instruments, Fig. 1-11.

Fig. 1-12 shows freehand sketching applied to
the development of a design for a plant stand. The
design problem included these specifications:

1. The stand must support two removable trays
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Fig. 1-11. Drawing is the language of design. The two views
of this contemporary chair communicate essential information
about the object to be constructed. (Mark Hazel}

SIMPLE TRAY
WITH BUTT JOINTS

FRAME DETAIL
USING COMMON |
LAP JOINTS

PLANT STAND FRAME
WITH SIMPLE JOINTS

at a height that is convenient for plant care and
appropriate for viewing the plants.

2. The plant stand should provide space below the
trays for additional plants which require less
sun.

3. Construction should provide a strong, stable
platform and add interest to the piece.

4. The plant stand should be made from a wood
which will resist moisture and compliment the
appearance of the plants.

As the basic design began to take shape,
decorative joints were chosen to enhance the overall
appearance as well as strengthen the construction.
Function was always a major design consideration.

PRESENTATION DRAWINGS

After your design is refined and fairly well
developed, you should prepare a presentation draw-
ing similar to the one shown in Fig. 1-13. It will
serve to further organize your ideas and will pro-
vide a drawing that you can use to present your
project proposal to your instructor. Presentation
drawings will be especially helpful in the prepara-
tion of working drawings.

Presentation drawings are frequently freehand
sketches, but may be drawn with instruments.
Various types of pictorial drawing can be used.

FRAME DETAIL
USING MORE
COMPLEX
LAP JOINTS

IMPROVED TRAY
DESIGN

Fig. 1-12. Developing ideas for a plant stand with trays.
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PLANT STAND
WITH TRAYS

Fig. 1-13. Presentation drawing of plant stand.

Isometric and oblique (note: ‘‘cabinet’’ is a type of
oblique drawing), Fig. 1-14, are the easiest and
most commonly used. In isometric drawings, first
block in cubes and rectangles that hold the shapes
and then locate finished outlines from the edges and
surfaces, of the block-in form.

For an oblique cabinet drawing make a profile or
front view, and then secure the third dimension (pic-
ture effect) by drawing back at an angle. Make the
lines drawn at an angle only about one-half their ac-
tual length to produce a more realistic appearance.

Show only visible outlines and keep the drawing
as simple as possible. Dimensions should be kept
to a minimum and in some instances may be given
in note form. Include any key details that will be
helpful in describing the methods and details of con-
struction and list general specifications concerning
materials and finish. Sometimes it may be desirable
to add shading or color to the drawing to give a
clearer picture of the finished product. Study a
drafting textbook for suggestions and procedures
in this technique.

MULTIVIEW PROJECTION (orthographic views)
can also be used for presentation drawings, Fig.
1-15. When used for this purpose, only visible
outlines are shown. Sometimes they are drawn to
an accurate scale with mechanically made lines.
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Fig. 1-14. Making pictorial sketches. A —Isometric. B—Oblique.

When made in this way they are especially valuable
for checking the proportion, balance, and other
visual aspects of the design. Multiview projections
are often used when making working drawings.
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Fig. 1-15. Multiview drawing showing front and end of plant stand.

WORKING DRAWINGS

After you have secured approval of your project
ideas through the use of presentation drawings, you
are ready to prepare a WORKING DRAWING, Fig.
1-16. This drawing will provide complete shape and
size description of the product and its various parts.
The goal of the working drawing is to provide such
a complete description that the product could be
constructed by someone else without further ex-
planations or information.

Working drawings must include assembled views
of the product, complete with all size and location
dimensions. Most wood construction will be of such
a size that these views will need to be drawn to a
smaller scale. Multiview projections are often used
but various pictorial types of drawings may be
satisfactory. In addition to assembled views, de-
tailed views will be required to show the exact size
and shape of parts, and the joints and fasteners us-
ed to assemble them. In woodworking drawings
these details are often drawn full size and used as
a pattern. Large pieces with an irregular contour are
carefully drawn to scale and then a grid of squares
is superimposed on the contour lines so that ac-
curate patterns can be developed in the shop. In
complicated assemblies, exploded pictorial draw-
ings are often used to provide clear descriptions.

As you prepare a working drawing, decisions with
respect to the methods and details of construction
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must be made. You must select the type and size
of fasteners (nails and screws), proportion wood
joints for the greatest strength, and determine the
exact size of various parts. Study appropriate sec-
tions of this book and also reference books including
a drafting textbook, for information and standards.
A working drawing for a wooden product might also
include a suggested design for a jig or fixture that
could be used to insure accuracy in some important
step of the fabrication processes.

PLAN OF PROCEDURE

A plan of procedure is a carefully prepared list of
the steps you propose to follow in the construction
of your project. It requires a careful study of your
drawings to recognize the various operations and
work required. This is one of the very important
parts of your project plans as it will help you
organize your work and prevent mistakes.

Steps should be listed in outline form. The list
should not be too brief; neither should it be too long
and detailed. Usually listing the exact operations and
defining the part involved will be sufficient. Some
special or unusual process might be described in
detail. It is not necessary to list the size of parts
since the working drawing will supply this informa-
tion. Listed below is a plan of procedure that could
be used to construct the plant stand.

1. From a study of the working drawings, prepare
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Fig. 1-16. Working drawings with dimensions in inches.

a bill of materials and a stock cutting list.
Select and cut out the stock.

Prepare the stock for the main structural
members of the stand.

a. Surface to finished thickness.

b. Rip to width and cut to length.

c. Lay out and cut joints on each piece.
Make a trial assembly of the main structural
members to see that each piece fits properly.
Assemble the stand with water-resistant glue.
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8.

Use clamps to insure tight joints and proper
adhesion. Check to see that the stand is plumb
and square.

Disassemble and sand all surfaces.

Prepare the stock for the bottom shelf slats.
a. Surface to finish thickness.

b. Rip to width and cut to length.

Cut slats for bottom shelf to length and lay in
place to check spacing. Mark the spacing or
use a piece of scrap stock which is 3/4"’ thick
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to check spacing. Space between slats should
be uniform.

9. Sand all surfaces of slats and attach to frame
with small finishing nails. Glue may be used
in addition to nails if desired.

10. Prepare the stock for the trays.

a. Surface to finish thickness.
b. Rip to width and cut to length.

11. Lay out curve, hand holes, and joints on tray
ends. Cut ends to final shape.

12. Lay out tray sides and cut to final shape. Test
for proper fit. Note: A plywood jig is desirable
for accurate location of mortised holes. The
bottom of slots should be in line with the bot-
tom edge of tray ends.

13. Lay out and cut tray slats to proper length and
width. Round the edge of slats with router or
shaper before cutting each piece to length.

14. Make a trial assembly of each tray and check
to see that it fits properly on the stand. Slats
should be free to move slightly in the slots.

15. Disassemble and sand all sides.

16. Assemble trays with water-resistant glue. Use
clamps and check to see that each assembly
is square and plumb.

17. Finish sanding each assembly after proper
gluing time.

18. No finish is recommended for this project
because redwood will turn a uniform silver
gray in time. In addition, chemicals in the finish
may harm the plants. Fig. 1-17 shows a photo-
graph of the completed plant stand.

BILL OF MATERIAL

A bill of material is a detailed list of the items you
need to build the project, Fig. 1-18. This includes:
number of pieces, exact size (including allowance
for joints), kind of wood, and name of the part. List

Fig. 1-17. Photograph of the completed plant stand.

No. Size Kind Part
(Stand)

4 pcs. 11/2x21/2x 32 Redwood | Legs

4 pcs. 11/2x21/2x45 1/2 Side rails
4 pcs. 11/2x2x16 End rails
11 pes. 3/4x 3x141/2 Slats
(Trays}

4 pes. 11/2x4x221/2 Redwood | Sides

4 pcs. 3/4x6x18 N Ends

18 pcs. 3/4x11/2x17 " Slats
(Fasteners)

44 4d Finishing Nails {1 1/27)

Fig. 1-18. Bill of material for the plant stand.

the dimensions of your stock in this order: thick-
ness x width x length. WIDTH is the dimension
across the grain. LENGTH is the distance along the
grain. A piece of stock could be wider than it is long.
A complete bill of material includes hardware and
finishing materials.

A stock cutting list can be developed from the
bill of material. It is useful for estimating costs and
checking out your lumber. Add about 1/16 in. to
the thickness dimension if the stock must be planed.
The width of each piece should be increased from
1/4 to 1/2 in. and the length about 1/2 to 1 in. A
bill of material will list the actual size of finished
pieces, while a stock cutting list should give the
nominal (in name only) size of the lumber required.
Try to group the parts as much as possible. Stock
cutting lists may vary for a given bill of material
depending on the sizes of lumber that are available.
A stock cutting list for the plant stand is shown in
Fig. 1-19. Study it carefully.

No. Nominal Size Kind Parts

1 pc. 11/2x21/2x 144 Redwood Stand legs
2 pes. 11/2x2x 144 Side & end

rails

1 pc. 11/2x4x120 " Tray sides

1 pc. 3/4 x 6 x 96 " Tray ends

2 pcs. 3/4x11/2x120 Tray slats

1 pc. 3/4x11/2x72 Tray slats

2 pes. 3/4 x 3 x 96 Stand slats

Fig. 1-19. A stock cutting list for the plant stand.
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Use good judgment in selecting stock. Allow for
sufficient material for milling and trimming opera-
tions, but without incurring unnecessary waste. The
sizes given in the stock cutting list can be used to
estimate the cost of the wood. However, the ac-
tual cost may be somewhat more, depending on the
sizes available in the stock room. For example, it
may be necessary for you to purchase 1 in. (nominal
size) stock for the items listed if no 3/4 in. is
available. Softwood boards are generally available
in multiples of 2 feet.

TEST YOUR KNOWLEDGE, Chapter 1

Please do not write in the text. Place your

answers on a separate sheet of paper.

1. When planning a woodworking project you
must have some knowledge of tools, _______,
and construction methods.

2. What is the first step in designing a wood
product?

3. When designing a wood product you should
give attention to its use and purpose, materials
and methods, and _ .

4. The Queen Anne highboy is a familiar
furniture style.

5. The kind of wood most often used in contem-
porary furniture is

6.

10.

Freehand that are used to supple-
ment an oral description may be rough and
incomplete.
What should you draw first when making an
oblique drawing?

views are better than pictorial views
for checking the proportion and balance of a
design.
A typical item in a plan of procedure includes
the name of the part and the to be
performed.
A bill of material should list the size, number
of pieces, name of the part, and the

ACTIVITIES

Select a wood product you believe to be well
designed. Prepare a written or an oral report
analyzing its function, the materials and meth-
ods used in fabrication, and its appearance.
Prepare sketches and/or mechanical drawings
that will describe some of the elements and
principles of the visual aspects of design. In-
clude line, shape, mass, formal and informal
balance, proportion, harmony, repetition,
gradation, texture, and color. Secure informa-
tion from books and magazines.

This table was made in 1877 for use in the Brethren’s shop at the Mt. Lebanon Shaker Village.

Dimensions: 42'" x 66" x 29 1/2".
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(Shaker Workshops)
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Top. Select hardwood logs ready for the mill. {Kimball International) Bottom. The Forest Products Laboratory performs a variety
of tests on wood and wood fabrications to determine properties. (Forest Products Laboratory)
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Lumber may be classified as either softwood or
hardwood. SOFTWOOD comes from the evergreen
or needle bearing trees. These are called CONIFERS
because many of them bear cones. See Fig. 2-1.
HARDWOOD comes from broadleafed (deciduous)
trees that shed their leaves at the end of the grow-
ing season. This classification is somewhat confus-
ing since many of the hardwood trees produce a
softer wood than some softwood trees.

Some of the more common kinds of softwoods
and hardwoods are listed in Fig. 2-2. THEY ARE
GROUPED ACCORDING TO THE ACTUAL HARD-
NESS OF THE WOOD RATHER THAN THE CLAS-
SIFICATION JUST DESCRIBED.

Some hardwoods have large pores in their cellular
structure and are called OPEN GRAIN woods. They
usually require special or additional operations in the
finishing procedure.

In addition to hardness or softness, different kinds
of wood will vary in weight, strength, color, tex-
ture, grain pattern, and odor. You should become
familiar with these characteristics for the common

HARDWQOD
(BROAD-LEAVED}

Fig. 2-1. General classification of wood.
(Paxton Lumber Co.)
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SOFT MED.-HARD HARD
Balsa CYPRESS *Ash, White
Basswood *Butternut Beech
Cottonwood DOUGLAS FIR Birch
FIR, WHITE Elm, American Cherry, Black
PINE, PONDEROSA HEMLOCK *Hickory
PINE, WHITE- *Limba (Korina) Maple, Sugar
WESTERN Magnolia *Oak, Red
PINE, SUGAR *Mahogany *Oak, White
Poplar, Yellow {Honduras) *Walnut, Black
SPRUCE *Mahogany *Teak
REDWQOOD (Philippine)
REDCEDAR, *Prima Vera
WESTERN REDCEDAR,
Willow, Black EASTERN
Sweet Gum
Sycamore
Tupelo

*Open grained wood.
Note: Softwoods are set in caps. The others are classified as
hardwoods,

Fig. 2-2. Common hardwoods and softwoods.

woods pictured in this section. To further develop
your ability to identify various woods you will need
to study actual specimens of the wood.

In wood identification it is often helpful to use a
magnifying glass (about 10X) to study the cellular
structure. For example, in order to distinguish White
Oak from Red Oak, magnify the end grain and
observe the tylosis (frothy growth) found in the cells
of the White Oak.

Most of the samples shown in the color section,
following page 27, were cut from plain-sawed or
flat-grain boards. A view of the edge grain would
look considerably different. The weight of the wood
is given for one cubic foot, which would be equal
to a board 1 in. thick, 12 in. wide, and 12 ft. long.

SELECTING WOOD

As you become acquainted with the character-
istics of various woods, you will also be able tol
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determine those that will be best suited for your
work. For some of your first projects where you may
be doing considerable work with hand tools, you
will very likely want to select such woods as
basswood, pine, poplar, or willow. These woods are
easily worked and are fine for boxes, small cases,
frames, toys, models, and similar items.

After you have gained some experience, you will
probably want to select from the list of medium-hard
woods that work well with both hand and power
tools. They can be used in the construction of wall
shelves, small radio cabinets, chests, lamps, trays,
and many other household accessories.

When your project requires wide widths of stock
you probably will want to consider using plywood.
It takes time to glue up widths of solid stock.
Plywood provides a saving in time and also greater
dimensional stability and resistance to warpage. It
is good practice to combine solid stock and plywood
of the same species. Furniture manufacturers quite
often do this and refer to the materials as SOLIDS
AND VENEERS.

Advanced projects will usually be constructed
with the aid of power machines. This will make it
possible for you to use hardwoods. You should give
careful attention to the selection of the kind of wood
that will be appropriate for your design. Remember
that the very best design, along with fine wood-
working skills, cannot result in a satisfactory proj-
ect if the kind and quality of the wood was not prop-
erly selected.

GRADES OF LUMBER

The quality or grade of lumber depends on the size
of the pieces and the amount of clear cuttings that
they contain. Standards are established by associa-
tions of lumber producers and may vary somewhat,
especially in the softwood classification.

Softwood Grades

Softwood lumber grades are based on the
American Softwood Lumber Standard PS 20-70
established by the United States Department of
Commerce. Detailed rules are developed and applied
by the various associations of lumber producers
such as the Western Wood Products Association,
Southern Forest Products Association, California
Redwood Association, and similar groups. These
agencies publish grading rules for the species of
lumber in their regions. They also have qualified
representatives at sawmills who supervise grading
standards.

Softwood lumber is divided into three SIZE
classifications: BOARDS, DIMENSION LUMBER,
and TIMBERS. Each size classification has several
grades within it. Fig. 2-3 shows the grades within
each classification.
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Another classification called FACTORY and SHOP
LUMBER is graded primarily for remanufacturing
purposes. It is used by millwork plants in the fabrica-
tion of doors, windows, moldings, and other trim
items.

Hardwood Grades

Grades for hardwood lumber are established by
the National Hardwood Association. The best grade
of hardwood lumber is FAS (firsts and seconds).
This requires that pieces be not less than 6 in. wide
by 8 ft. long and yield at least 83 1/3 percent clear
cuttings. The next lower grade is SELECTS
(sometimes called FAS 1 face) and permits pieces
4 in. wide by 6 ft. long with more defects on the
second or back face (surface).

A still lower grade of hardwood is called No. 1
COMMON. It permits smaller pieces and yields
66 2/3 percent clear cuttings. No. 2 COMMON and
No. 3 COMMON require 50 percent and 33 1/3 per-
cent of clear cuttings but are not often listed in hard-
wood catalogues. Retailers usually cut out the
defects in these grades and sell them as SHORTS
(short lengths and narrow widths).

LUMBER DEFECTS

A defect is an irregularity occurring in or on wood
that reduces its strength, durability, or usefulness.
It may or may not detract from appearance. For
example, knots, commonly considered a defect,
may add to the appearance of pine paneling. Anim-
perfection that impairs only the appearance of wood
is called a blemish. Some of the common defects
include:

KNOTS: caused by an embedded limb or branch of
the tree. It reduces the strength but in some cases
may add to the appearance. See Fig. 2-4.

SPLITS and CHECKS: a separation of the wood
along the grain and across the annual growth
rings. See Fig. 2-5.

SHAKES: separations along the grain and between
the annual growth rings. See Fig. 2-6.

PITCH POCKETS: internal cavities that contain, or
have contained, pitch in solid or liquid form.
HONEYCOMBING: separation of the wood fibers in

the interior of wood, usually along the wood rays.

May not be visible at the surface.

WANE: the presence of bark or the absence of wood
along the edge of a board. It forms a bevel and
reduces the usable width.

BLUE STAIN: discoloration caused by a mold-like
fungus. Though objectionable for appearance in
some grades of lumber, it has little or no effect
on strength.

DECAY: disintegration of wood fibers due to fungi.
Early stages of decay may be difficult to recog-
nize. In advanced stages wood is soft, spongy,
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and crumbles easily.

HOLES: caused by handling equipment or boring
insects and worms. These will lower the lumber
grade.

WARP: any variation from a true or plain surface,
and may include any one or combination of the
following: cup, bow, crook, and twist (also called
wind). See Fig. 2-7.

SEASONING LUMBER

The quality of lumber is also indicated by the
method of drying. GREEN LUMBER from a freshly
cut log will have an excessive amount of moisture
(sap), most of which must be removed before it can
be used. AIR DRIED (AD) lumber is simply exposed
to the air over a period of time. By this method the

hoards
B & BETTER (IWP—SUPREME) SPECIFICATION CHECK LIST
SELECTS C SELECT (IWP—CHOICE) [] Grades listed in order of quality.
D SELECT (IWP—QUALITY) [ Include all species suited to project.
« {7 For economy, specify lowest grade
2 SUPERIOR that will satisfy job requirement.
o FINISH PRIME [ Specify surface texture desired.
« E [] Specify moisture content suited to
" {
) project. 7
4 i W ini
= CLEAR (ANY SELECT OR FINISH GRADE) 0 Specify &) rade stamp. For finish
o and exposed pieces, specify stamp
= | PANELING | NO.2 COMMON SELECTED FOR KNOTTY PANELING on back or ends.
a- NO. 3 COMMON SELECTED FOR KNOTTY PANELING
=
SIDING SUPERIOR
BL}REXEE'W) PRIME WESTERN RED CEDAR
ALTERNATE BOARD GRADES ;'ANF}EHNG SERREHEART,
NO. 1 COMMON (IWP—COLONIAL)} SELECT MERCHANTABLE AND CEILING °
BOARDS NO. 2 COMMON (IWP—STERLING) ~ CONSTRUCTION I T
SHEATHING NO. 3 COMMON (IWP—STANDARD)  STANDARD BEVEL A — BEVEL SIDING
NO. 4 COMMON (IWP—UTILITY) uTILITY SIDING cZBEVEL SIBING
dimension
LIGHT CONSTRUCTION
FRAMING STANDARD This category for use where high strength values are NOT re-
27 to & Thick UTILITY quired; such as studs, plates, sills, cripples, blocking, etc.
217 to 47 Wide ECONOMY
An optional all-purpose grade limited to 10 feet and shorter.
STUD Characteristics affecting strength and stiffness values are lim-
ECONOMY STUD ited so that the “Stud” grade is suitable for all stud uses, includ-
ing load bearing walls.
STRUCTURAL SELECT STRUCTURAL ) ) o .
LIGHT NO. 1 These grades are designed to fit those engineering applications
NO. 2 where higher bending strength ratios are needed in light framing
FRAMlNG NO. 3 sizes. Typical uses would be for trusses, concrete pier wall forms,
ot Wi ECONOMY etc.
STRUCTURAL SELECT STRUCTURAL
JOISTS & NO. 1 These grades are designed especially to fit in engineering appli-
PLANKS NO. 2 cations for lumber six inches and wider, such as joists, rafters
. . NO. 3 and general framing uses.
0 4" Thick
6" and Wider ECONOMY
timbers
BEAMS iICE)LEICT STRUCTURAL POSTS SELEICT STRUCTURAL
& ' & :
NO. 2 (NO. 1 MINING) NO. 2 (NO. 1 MINING
STRINGERS NO. 3 (NO. 2 MINING) TIMBERS NO. 3 (NO. 2 MINING)

Fig. 2-3. Softwood lumber classifications, grades, and standard lumber sizes. (Western Wood Products Association)
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BOARD MEASURE thickness in.|  width in. thickness in.|  width in.
The term “board measure” indicates that board . e th
a board foot is the unit for measuring lumber I 2"ormore | beams & 5" and r;'(’Jrgreatfer:
lumber. A board foot is one inch thick stringers thicker | y2n thickness
and 12 inches square. light 21t 47 2" tg 4" :
. i X framing o] o] posts & 57 x 5 not more than
The number of board feet in a piece Is imb 2" greater
obtained by muItIEIylng the nominal e o0 to 4 timbers and larger | tyan thickness
thickness in inches by the nominal width studs 2710 4" | 1 3nd shorter - >
in inches by the length in feet and divid- decking 2"to 4" | 4"to 12" wide
ing by 12: (TxwxL). structural light 7
feaafa ] 2" to 4” 2710 4" P thickness expressed by
12 framing siding dimension of butt edge
Lumber less than one inch in thickness joists & . 6" and . size at thickest and
is figured as one-inch. planks 2"to 47 wider mouldings widest points

Lengths of iumber generally are 6 feet and longer in multiples of 2/

Standard Lumber Sizes/ Nominal, Dressed, Based on WWPA Rules

Nominal Size Dressed Dimensions
o ) . Thicknesses and Widths In.
Product Description Thickness In. Width In. Surfaced Surfaced Lengths Ft.
Dry Unseasoned
S4S5 ....... L AT TR 2 2 11 1% 6 ft. and longer
3 3 2-Y2 2-%s in multiples
4 4 312 3-%e of 1/
6 5-12 5-%
FRAMING o T T
10 9-Va ERY]
12 11-¥a 11-4
Over 12 Off 34 Off 12
Thickness In. Width In.
TIMBERS Rough or S4S . E e Eh e ees e EaT 5 and Larger 12 Off Nominal Same
Nominal Size Dressed Dimensions
Surfaced Dry
Thickness In. Width In. Thickness In. Width In. Lengths Ft.
27 Single T&G ... ... ... ... .. 2 6 12 S 6 ft. and longer
DECKING ' 8 6% in multiples
Decking is usually surfaced to ig lgzﬁ: of 1r
single T&G in 2” thickness
and double T&G in 3” and 47 3 and 4” Double T&G . ... .. .. 3 6 2V, 51/
thicknesses 4 312
(D&M), (S2S & CM)... ..o ovvons % 2 e 1vs 4 ft. and longer
Y3 3 Ks 21 in multiples
% 4 Yie 3V of 17
FLOORING 1 5 A 4Ya
1Yy 6 1 5Ya
11 14
(525 & CM) . « DR R - Y8 3 He 21 4 ft. and longer
CElLlNG V2 4 A 3 in multiples
AND PARTITION % 5 %o ave of 1
34 6 s 27
S2S i . 1 (4/4) 5 3, (4/4) Usually 4 ft. and longer
1% (5/4) and 1%, (5/4) sold in multiples
12 (6/4) wider 1'%, (6/4) random of 1’
FACTORY AND 1% (7/4) (47 and wider | 1%, (7/4) width
SHOP LUMBER 2 (8/4) in 4/4 No. 1 1'%, (8/4)
21, (10/4) Shop 23  (10/4)
3 (12/4) and 4/4 No. 2 | 2%  (12/4)
4 {16/4) Shop) 3%  (16/4)
ABBREVIATIONS .
Abbreviated descriptions appearing in $4S — Surfaced four sides. D & M — Dressed and matched.
the size table are explained below. S1S1E — Surfaced one side, one edge. T & G— Tongue and grooved.
S1S — Surfaced one side. S1S2E — Surfaced one side, two edges EV1S — Edge vee on one side.
$2S — Surfaced two sides. CM — Center matched. S1E — Surfaced one edge.

Fig. 2-3 Continued.
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Fig. 2-4. Common kinds of knots. Left. Spike. Center. Intergrown. Right. Encased. The encased knot will probably loosen and
fall out. (Forest Products Laboratory)

RISE OF
FOURTH CORNER

Fig. 2-5. Splits and checks.

POINT OF GREATEST
DEFLECTION _

POINT OF GREATEST
DEFLECTION

cup

Fig. 2-6. Shakes. (Forest Products Laboratory) Fig. 2-7. Kinds of warp.
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moisture content is reduced to 12 to 18 percent.

KILN DRIED (KD) lumber is dried in huge ovens
where temperature and humidity are carefully con-
trolled, Fig. 2-8. It will have a low moisture con-
tent (7 to 10 percent) and will be free of internal
stresses that are often present in air dried lumber.
Also, there usually will be fewer seasoning defects
such as splits, checks, and warp. Lumber that is to
be used for furniture, cabinetmaking, and other fine
woodwork should be kiln dried.

Moisture Meters

Two methods may be used to determine the
moisture content of wood:
1. Oven drying a sample.
2. Using an electric moisture meter.

Although the oven drying method is the most ac-
curate, meters are often used because readings can

be secured rapidly and conveniently. The meters are
usually calibrated to cover a range from 7 to 25 per-
cent. Accuracy is plus or minus 1 percent of the
moisture content.

There are two types of moisture meters. One
determines the moisture content by measuring the
electrical resistance between two pin-type elec-
trodes that are driven into the wood. The other type
measures the capacity of a condenser in a high-
frequency circuit, where the wood serves as the
dielectric (nonconducting) material of the con-
denser. See Fig. 2-9.

CUTTING METHODS

Most lumber is cut in such a way that the annular
rings form an angle less than 45 degrees with the
surface of the board. This method produces lumber
that is called FLAT-GRAINED (if it is softwood) or

Fig. 2-8. Kiln drying lumber in large quantities. (Forest Products Laboratory)
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Fig. 2-9. Top. Modern digital moisture meter. LEDs indicate

correct moisture percentage. Middle. Probes inserted into end

cut. Bottom. Hammer probe provides readings up to 1 inch
below surface. (Forestry Suppliers, Inc.)

PLAIN-SAWED (if it is hardwood).

Lumber can also be cut so that the annular rings
form an angle of more than 45 degrees with the sur-
face of the board. This method produces lumber
that is called EDGE-GRAINED (if it is softwood) or
QUARTER-SAWED (if it is hardwood). It is more dif-
ficult and expensive to use this method but it does
result in lumber that is less likely to warp, and may
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produce a more attractive grain pattern. The edge
grain of some softwoods such as Douglas Fir, wears
better than flat-grained surfaces.

SURFACE AND SIZE

Softwoods are surfaced (planed) on all faces and
edges (S4S). See Fig. 2-10. They are sold in
specified widths from 2 in. to 12 in. in 2 in. inter-
vals and in lengths of 8 to 20 ft. in 2 ft. intervals.
Because the surfacing removes some of the wood,
the thickness and width will actually measure less
than the nominal size. Study the S48 sizes listed
on this page.

Hardwoods can be purchased either rough (RGH)
or surfaced on both sizes (S2S), Fig. 2-10. Surfaced
thicknesses are somewhat different from those for
softwoods, as shown in Fig. 2-11. Hardwoods are
usually not cut to any standard width or length.
They are cut and sold in RANDOM WIDTHS and
LENGTHS (RW & L).

Fig. 2-10. Rough and surfaced lumber.

SOFTWOODS HARDWOODS
Rgh S48 Rgh 828
1x2 34 x11/2 3/8 3/16
1x4 3/4x31/2 1/2 5/16
1x6 3/4x51/2 5/8 7/16
1x8 34 x71/4 3/4 9/16
1x10 3/4x91/4 1 (4/4) 13/16
1x12 3/4x111/4 11/4 (5/4) 11/16
2x2 11/2x11/2 11/2 (6/4) 15/16
2x4 11/2x31/2 2 (8/4) 13/4
2x6 11/2x51/2 21/2 21/4
2x8 112x71/4 3 23/4
2x10 11/2x91/4 31/2 31/4

4x4 31/2%x31/2 4 33/4

Fig. 2-11. Rough and finished sizes.
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WOOD IDENTIFICATION

A key element in woodworking and in carpentry
is the proper identification of the wood.

This insert, which is intended as a guide and an
aid to the student in learning to identify various
woods, shows typical color and grain characteristics
of 59 different species.

ASPEN. Soft, light, close-grained, and easy to work. White sap-
wood with light tan and brown streaked heartwood. Source: Europe,
Western Asia and Middle Atlentic States. Used for furniture, and
interior paneling.

BASSWOOD.

The softest and lightest (26 lbs. to cu. ft.) hardwood
in commercial use. Fine, even texture with straight grain. Especially
easy to work with hand tools and highly resistant to warpage. Heart-
wood is a light yellowish-brown, Used for drawing boards, foed con-
tainers, moldings, woodenware and core stock for plywood.
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ASH, WHITE. Strong, stiff, and fairly heavy (42 lbs. to cu. ft.).
Works fairly well with hand tools but splits easily. Heartwood is a
pale tan with a texture similar to Oak. Used for millwork, cabinets,
furniture, upholstered frames, boxes and crates. Used extensively
for baseball bats, tennis rackets, and other sporting equipment.

BALSA. The lightest wood available (12 lbs. to cu. ft.). Very soft
and easily cut with knives, Best known for its use in model aircraft
construction. Also used for life rafts, duck decoys, hat blocks, and
other lightweight items. Chief source is Ecuador.

BEECH.

Heavy, hard and strong. (44 lbs, to cu. ft.) A good sub-
stitute for Sugar Maple but somewhat darker in color, with a slightly
coarser texture, Used for flooring, fumiture, brush handles, food
containers, and boxes and crates,
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BELLA ROSA. Moderately hard, heavy and coarse textured. Striped
and mottled grain patterns. Source: Philippine Islands. Available
in veneer and lumber. Sample shows quartered veneer,

BIRCH. A hard, strong, wood (47 Ibs. to cu. ft.). Works well with
machines and has excellent finishing characteristics. Heartwood,
reddish-brown with white sapwood. Fine grain and texture, Used ex-
tensively for quality furniture, cabinetwork, doors, interior trim, and
plywood. Also used for dowels, spools, toothpicks, and clothespins,

BIRCH, WHITE. Selected sapwood rotary-cuttings of regular birch
veneer. Same characteristics as birch except nearly white in color.
Used to make plywood for installations requiring o very light, fine
textured material,
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BUCKEYE. A soft, close-grained wood that is not very strong. Near-
ly white in color, often blemished with dark stained lines. Source:
Eastern United States. Rather scarce and usually available only in
veneers.,
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BOXWOOD. Hard, close, and smooth grained. A very indistinct
grain pottern with a light yellow color. Source: Europe, Asia, and
West Indies. Used for inlays, marquetry, and instruments, especial-
ly fine rulers and scales.

BUTTERNUT. Fairly soft, weak, light in weight (27 1bs. to cu. ft.),
with a coarse texture, Grain patterns resemble walnut, Large open
pores require a paste filler. Works easily with hand or machine tools,
Sometimes used for interior trim, cabinetwork, and wall paneling.
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CEDAR, RED, EAS TERN. Medium dense softwood, (34 Ibs. to cu.
ft.). Close grained and durable, Heartwood is red; sapwood is white.
It has an aroma that inhibits the growth of moths, Knotty wood is
available only in narrow widths, Used meostly for chests and novelty
items.

CHERRY, BLACK. Moderately hard, strong and heavy (36 Ibs. to
cu. ft.). A fine, close-grained woed that machines easily and can
be sanded to a very smooth finish. Heartwood is a reddish-brown
with beautiful grain patterns. One of the fine furniture woods, how-
ever, there is a scarcity of good grades of lumber.

COCOBOLA. Dense, hard and oily. A difficult wood to work be-
cause of an interwoven grain. Bright red when freshly cut, but soon

darkens. Source: Central America. Used for fancy cabinetwork and
knife handles.

CEDAR, RED, WESTERN. A soft wood, light in weight (23 lbs, per
cu. ft.). Similar to redwood except for cedar-like odor, Pronounced
transition from spring to summer growth (see edge-grain sample).
Source: Western coast of Narth America, especially Washington. Used
for shingles, siding, structural timbers and utility poles.

CHESTNUT. Coarse textured, open grain, and very durable. Red-
dish brown heartwood. Easily worked with hand or machine tools.
Source: Eastern United States. Available only in a wormy grade due
to the *"chestnut blight.”

CYPRESS. Light in weight, soft and easily worked. Fairly coarse
texture with annual growth rings clearly defined (sample shows edge
grain). Source: Southeastern Coast of the United States. Noted for
its durability against decay. Used for exterior construction and in.
terior wall paneling.
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EBONY. Extremely hard and so dense that it will not float in water.
Difficult to work. Source: Ceylon, Africa ond East Indies. The true
black ebony comes from Ceylon and is expensive. Suitable for in-
lays, marquetry and small decorative articles.

FIR, DOUGLAS. A strong, moderately heavy (34 Ibs. to cu. ft.) soft-
wood. Straight close grain with heavy contrast between spring and
summer growth. Splinters easily. Used for wall and roof framing and
other structural work. Vast amounts are used for plywood. Machines
and sands poorly. Seldom used for finish,

HAREWOOD. A close-grained wood nearly white in color. Grain pat-
tern is often highly figured. Sometimes dyed to a gray color and called
Silver Harewood. Source: England. Used for marquetry, inlay and
paneling.

ELM, AMERICAN. Strong and tough for its weight (36 Ibs. to cu. ft.).
Fairly coarse texture with open pores, Annular ring growth is clearly
defined. Bends without breaking and machines well, Used for barrel
staves, bent handles, baskets, and special types of furniture.

GUM, SWEET. Also called Red Gum, Fairly hard and strong (36 Ibs.
to cu. ft.). A close grained wood that machines well but has a ten-
dency to warp, Heartwood is reddish-brown and may be highly fig-
ured. Used extensively in furniture and cabinetmaking. Stains well,
often used in combination with more expensive woods.

HEMLOCK. A softwood. Light in weight and moderately hard. Light
reddish brown in color with a slight purplish cast. (Sample shows
edge grain.) Source: Pacific Coast and Western States. Used for
construction lumber and pulpwood; also for containers and plywood
core stock.
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IMBUYA. Also called Brazilian Walnut. Moderately hard and heavy
with an open-grain and fine texture. Source: Brazil. Used for high
grade furniture, cabinetwork and paneling.

KOA. Medium hard with a texture similar to walnut, Open-grained.
Color is golden to dark brown, often with dark streaks. Polishes to
a lustrous sheen. The best known hardwood of the Howaiian Islands.
Used for fine furniture, art objects, and musical instruments.

LACEWOOD. Medium hard with flaky grain formed by wood rays.
Usually quartered to produce small uniform flakes {as shown), Source:
Australio, Occasionally used for decorative overlays on furniture
and for wall paneling.

LIGNUM VITAE. Very hard and heavy (specific gravity 1.20). Oily
and mildly scented, with a fine interwoven grain texture that makes
it hard to work. Source: Central America, West Indies, and Northern
South America. Used for bearings, pulleys, brush backs, and similar
items.

LIMBA. A light blond wood from the Congo, often sold under the
trade name Korina. It has an open grain with about the same texture
and hardness of Mahogany. Works easily with either hand or machine
tools. Used for furniture and fixtures, especially where light tones
are required.
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MAHOGANY, AFRICAN.
varieties. Slightly coarser texture and more pronounced grain pate
terns. Quarter sawing or slicing produces a ribbon grain effect (as
shown). Source: Ivory Coast, Ghana and Nigeria, Used for fine furnis
ture, interior finish, art objects and boats.

Characteristics are similar to American
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MAHOGANY, HONDURAS. Medium hard and dense (32 Ibs. to cu.
ft.). Excellent working and machining qualities. A very stable wood,
with even texture, open pores, and beautiful grain patterns, Used
for high grade foundry patterns and quality furniture, It turns and
carves especially well,

MAPLE, BIRDSEYE.

Hard or Sugar Maple with tiny spots of curly
grain that lock like bird’s eyes. The cause of this figure is not known.
It may be distributed throughout the tree or located only in irregular
stripes or patches. Used for highly decorative inlays and overlays.

MAHOGANY, PHILIPPINE., Medium density and hardness (37 Ibs,

to cu. ft.). Open grain and coarse texture. Works fairly well with
hand or machine tools. Varies in color from dark red (Tanguile) to
light tan (Lauan). Used for medium price furniture, fixtures, trim,
wall paneling. Also, boat building and core stock in plywood.

- -1 N R
MAPLE, SUGAR. Also called Hard Maple. It is hard, strong, and
heavy (44 lbs. to cu. ft.). Fine texture and grain pattern. Light tan
color, with occasional dark streaks. Hard to werk with hand tools
but machines easily. Is an excellent turning wood. Used for floors,
bowling alleys, weodenware, handles, and quality furniture,

MYRTLE. Hard and strong with pore size and distribution about
the same as walnut. Golden brown color with an olive green cast.
Machines easily and can be polished to a high luster. Source; South-
western Oregon. Used for decorative panels in fumiture and archi-
tectural woodwork; also for art objects and novelties.
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NARRA. Heavy, hard, and durable. Has a distinct grain pattern and
open pores. Generally a golden yellow brown but may be found in o
rose or deep red color, Source: Philippines and Malaysia. Used for
high grade furityre and interior finish of ships.
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OAK, ENGLISH. Open-grained with a texture similar to regular oak.
Light tan to deep brown color with dark spots that ereate an unusual
figure and grain character. Source: England. Used for fine furniture
and special architectural woodwork.

OAK, RED. Heavy (45 lbs. to cu, ft.) and hard with the same gen-
eral characteristics as White Oak. Heartwood is reddish-brown in
color. No tyloses in wood pores, Used for flooring, millwork and
inside trim. Difficult to work with hand tools.

OAK, QUARTERED. Sawing or slicing oak in a radial direction re-
sults in a striking pattern as shown. The *‘flakes’’ are formed by
large wood rays that reflect light. Used where dramatic wood grain
effects are desired.

OAK, WHITE. Heavy (47 Ibs. to cu. ft.), very hard, durable, and
strong. Works best with power tools. Heartwood is greyish-brown
with open pores that are distinct and plugged with a hairlike growth
called tyloses. Used for high quality millwork, interior finish, furni-
ture, carvings, boat structures, barrels and kegs.

ORIENTALWOOD. Also called Australian Laourel. Medium weight
with wood characteristics similar to walnut. Color is pinkish gray
to brown with dark stripes as shown. Source: Australio. Used for
highest quality furniture ond cabinetwork.

PADOUK. Also called Vermillion. Hard firm texture with some inter-
locked grain that makes it difficult to work. Large open pores. Red
color, may have streaks of yellow or brown. Source: Burma and West
Africa. Used for art objects and novelties.
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PALDAO. A fairly hard wood with large pores that are partially
plugged. Grain patterns are striking and beautiful and provide an ex-
cellent example of an **exotic®® wood. Source: Philippine Islands,
Sometimes selected by architects for special fixtures or built-ins
for public or institutional buildings.

PINE, PONDEROSA. Lightweight (28 Ibs. to cu. ft.) and soft.
Straight grained and uniform texture. Not a strong wood but works
easily and has little tendency to warp. Heartwood is o light reddish.
brown. Change from springwood to summerwood is abrupt. Used for
window and door frames, moldings, and other millwork; toys, models,

PINE, WHITE.
colored with some resin canals but not as prevalent as in Sugar Pine.
Used for interior and exterior trim and millwork items. Knotty grades
often used for wall paneling, Works easily with hand or machine tools,

Soft, light (28 |bs, to cu. ft.) and even texture. Cream
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PEARWOOD. A very fine textured, close-grained wood with pares
that are indistinct, Subdued grain pattern, sometimes with mottled
figure. Source: United States and Europe. Used for fine furniture,
marquetry, saw handles and rulers,

PINE, SUGAR. Lightweight, (26 Ibs. to cu, ft.) soft, and uniform
texture. Heartwood, light brown with many tiny resin canals that
appear as brown flecks. Straight grained and warp resistant. Cuts
and works very easily with hand tools. Used for foundry patterns,
sash and door construction, and quality millwork.

POPLAR, YELLOW, Moderately soft, light in weight (34 lbs. to
cu. ft.), and even textured. Heartwood is a pale olive-brown and
sapwood is greyish-white. Works well with hand or machine tools
and resists warping. Used in a wide variety of products including
inexpensive furiture, trunks, toys, and core stock for plywood.



Modern Woodworking

PRIMAVERA. Sometimes called white or golden mahogany. Medium
to coarse texture with straight and somewhat striped grain. Very
similar to mahogany except for the color which is a light straw to
golden yellow. Source: Southern Mexico, Guatemala, Honduras, and
Salvador. One of the fine cabinet woods of the world.

REDWOOD. Soft ond light in weight (28 Ibs. to cu, ft.). Texture
varies but is usually fine and even grained. Easy to work and dura-
ble. Heartwood is reddish-brown. Used for structures, outside finish
and sometimes for interior paneling. Its durability makes it especially
valuable for products exposed to water and moisture,

ROSEWOOD, BRAZILIAN. A very hard wood with large irregular
pores. Various shades of dark brown with conspicuous black streaks.
Rosewood with different colors and characteristics also comes from
India, Ceylon, Madagascar and Central America. A beautiful wood
used for art objects, levels, tool handles and musical instruments.

SPRUCE.
tion from spring to summer growth is gradual (see edge grain sample).
There are several species; Sitka, Englemen, and a general classi-
fication called Eastern. Sources various parts of the United States
and Canada. Used for pulpwood, light construction and carpentry.

A soft wood, light in weight (24 Ibs. per cu. ft,). Transi-
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SATINWOOD. Fine grain texture, hard and heavy, with a slight oily-
ness. Golden yellow in color with beautiful wavy grain pattems that
often give o mottled effect. Source: Puerto Rico. Honduras, Ceylon
and East Indies. Used for inlays, marquetry, fine brush handles and
similar items,

SYCAMORE.

Medium density, hardness, dnd strength. A close-
grained wood with a rather coarse texture. Easily identified by the
flaky pattern of wood rays observed best in quartered stock. Source:
Eastern half of United States. Used for drawer sides and lower priced
furniture. Veneers are used for berry and fruit boxes.



Selecting and ldentifying Materials

TAMO. Also called Japanese Ash. The physical characteristics
of the wood resembles American Ash. Grain patterns are extremely
pronounced. Figures may consist of swirl, fiddleback or blister types.
Source: Japan. Used for inlays and overlays where o highly deco-
rative surface is required.

TULIPWOOD. Hard, medium textured, open-grained wood, with small
pores that vary in size. Red and yellow color streaked with dark lines,
Source: Northeastern Brazil. A highly decorative wood used for in-
lays, turnings, and novelties,

WILLOW, BLACK. Very soft and light in weight (27 Ibs. to cu. ft.).
Resembles basswood in workability, aithough there is some ten-
dency for the machined surface to be fuzzy. Heartwood varies from
light gray to dark brown. Used for some inexpensive furniture, core
stock for plywood, wall paneling, toys, and novelty products.

TEAK. Strong and quite hard. Resembles walnut except for a light-
er tawny yellow color. Silicates and minerals in the wood give it an
oily feel and dulls regular tools more quickly. Source: Burma, India,
Thailand and Java, Used for fine furniture and paneling. Also used
for ship building because of its great durability.

WALNUT, BLACK, Fairly dense and hard. Very strong in com-
parison to its weight (38 Ibs. to cu. ft.). Excellent machining and
finishing properties. A fine textured open grain wood with beautiful
grain patterns. Heartwaod is a chocolate brown with sapwood near
white. Used on quality furniture, gun stocks, fine cabinetwork, etc.

ZEBRAWOOD, Also called Zebrano. Heavy, hard, open-grained
wood with a medium texture. Light gold in color with narrow streaks
of dark brown in quartered stock (see sample). A highly decorative
wood from Central ond West Africa. Made into quartered veneer and
used where a spectacular effect is desired.
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Standard thicknesses of hardwoods of one inch
and over are sometimes designated in quarters of
an inch and often referred to as four-quarter, five-
quarter, etc. This also applies to White Pine and a
few of the other softwoods.

Metric Lumber Measure

Metric sized lumber gives thickness and width in
millimeters (mm) and length in meters (m). There
is little difference between metric and conventional
dimensions for common sizes of lumber. For exam-
ple, the common 1’ x 4’ board is 256 mm x 100
mm. Visually, they would appear to be about the
same size. Metric lumber lengths start at 1.8 m
(about 6 ft.) and increase in steps of 300 mm (about
a foot) to 6.3 m. This is a little more than 20 ft.
See Fig. 2-12 for a chart of standard sizes. Metric
lumber is sold by the cubic meter {(m?).

PANEL MATERIALS

Wood panels are manufactured in several forms:

1. As plywood where thin plies are laminated to
form various thicknesses.

2. As composite plywood where veneer faces are
bonded to different kinds of wood cores.

3. As nonveneered panels including waferboard,
particle board, and oriented strand board.

PLYWOQOOD

Plywood is constructed by gluing together a
number of layers (plies) of wood with the grain
direction turned at right angles in each successive
layer. An odd number (3, 5, 7, etc.) of plies are used
so that they will be balanced on either side of a
center core and so that the grain of the outside
layers will run in the same direction. The outer plies

WIDTH IN MILLIMETRES

1256 150

175

25
32
36 |
38
40
a4 |

50 |

THICKNESS IN mm

76 |
100

150

200 | I
250 I

300

6

200

225

APPROXIMATE THICKNESS IN INCHES

| o

12

12

APPROXIMATE WIDTH IN INCHES

Fig. 2-12. Dimensions of metric lumber are given in millimeters. Lengths are always in meters and range from 1.8 m
to 6.3 m in 0.3 m (about 1 ft.) increments.

38



Selecting and ldentifying Materials

are called FACES, or face and back. The next layers
under these are called CROSSBANDS and the other
inside layer or layers are called the CORE. See Fig.
2-13. A thin plywood panel made of three layers
would consist of just faces and a core.

Plywood is classified as either hardwood or soft-
wood depending upon the kind of wood used in the
face veneers. It is available in nearly all of the fine
hardwoods and many of the softwoods. The soft-
woods most generally available are Douglas Fir and
Ponderosa Pine. More information concerning the
manufacturing of plywood can be found in Unit 25.

There are two basic types of plywood; exterior
and interior. EXTERIOR PLYWOOD is bonded with
waterproof glues and can be used for boats, siding,
concrete forms, and other construction that will be
exposed to the weather or excessive moisture. IN-
TERIOR PLYWOOD is bonded with glues that are
not waterproof and is used for cabinets, furniture,
and inside construction where the moisture content
of the panels will not exceed 20 percent.

Plywood can be secured in thicknesses from 1/8
in. to more than 1 in., with the most common sizes
being 1/4, 3/8, 1/2, 5/8, and 3/4 in. A standard
panel size is 4 ft. wide by 8 ft. long. Smaller size
panels are available in the hardwoods.

The grade of a plywood panel depends on the
quality of the face and back veneers. In softwood,
the highest grade is designated by the letter N and
then ranges down through A, B, C, and D, Fig.
2-14. For example, a grade A-A panel would have
a good grade of veneer on each side. An A-D grade,
however, would specify a panel that was good on
one side but had a back with knots, splits, etc.

Softwood Plywood Grades
Softwood plywood is manufactured in accor-
dance with U.S. Product Standard PS 1-74/ANSI

T~ BACK VENEER

Fig. 2-13. Plywood construction. Top layer, face veneer; se-
cond, crossband; third, lumber core; fourth, crossband; bot-
tom, back veneer. {Fine Hardwoods Association)

39

VENEER GRADES

Smooth surface *‘natural finish’* veneer. Select, all heartwood
or all sapwood. Free of open defects. Allows not more than 6
repairs, wood only, per 4 x 8 panel, made paralle! to grain and
well matched for grain and color.

Smooth, paintable. Not more than 18 neatly made repairs,
boat, sled, or router type, and parallel to grain, permitted. May
be used for natural finish in less demanding applications.

Solid surface. Shims, circular repair plugs, and tight knots to 1
inch across grain permitted. Some minor splits permitted.

Improved C veneer with splits limited to 1/8 inch width and
knotholes and borer holes limited to 1/4 x 1/2 inch. Admits
Plugged some broken grain. Synthetic repairs permitted.

Tight knots to 1 1/2 inch. Knotholes to 1 inch across grain and
some to 1 1/2 inch if total width of knots and knotholes is with-

c in specified fimits. Synthetic or wood repairs. Discoloration and
sanding defects that do not impair strength permitted. Limited
splits allowed. Stitching permitted.

Knots and knotholes to 2 1/2 inch width across grain and 1/2

D inch larger within specified limits. Limited splits allowed. Stitch-

ing permitted. Limited to Interior, Exposure 1 and Exposure 2
paneis.

Fig. 2-14. Description of softwood plywood veneer grades.
(American Plywood Association)

A199.1. This standard provides a system for
designating the species, strengths, type of glue, and
appearance.

Many species of softwood are used in making
plywood. There are five separate plywood groups
based on stiffness and strength. Group 1 includes
the stiffest and strongest, Fig. 2-15.

Hardwood Plywood Grades

The Hardwood Plywood Institute uses a number
system (1, 2, 3, 4) for grading the faces and backs
of a panel. A grading specification of 1-2 would re-
quire a good face with grain carefully matched, but
a good back without careful grain matching. A
number 3 back would permit noticeably more
defects and patching, but would be generally sound.
A special or PREMIUM grade of hardwood is known
as "‘architectural’’ or “’sequence-matched.’” This re-
quires an order to a plywood mill for a series of
matched plywood panels that result in a dramatic
and beautiful effect when installed. It is quite ex-
pensive and usually limited to public or institutional
buildings.

For either softwood or hardwood plywood it is
common practice to designate in a general way the
grade by G2S (good two sides) or G1S (good one
side).

In addition to the various kinds, types, and
grades, hardwood plywood is made with different
core constructions. The two most common are the
veneer core and the lumber core, as shown in Fig.
2-16. VENEER CORES are the least expensive, are
stable and warp resistant. LUMBER CORES are
easier to cut, have better edges for shaping and
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GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5
Apitong Cedar, Port Alder, Red Aspen Basawood
Beech, Orford Birch, Paper Bigtooth Fir, Batsam

American Cypress Cedar, Alaska Quaking Poplar,
Birch Douglas Fir, Cativo Baisam

Sweet Fir 2 Subalpine Cedar

Yellow Fir Hemlock, Incense
Douglas California Eastern Western

Fir 1fa Red Maple, Red
Kapur Grand Bigleaf Cottonwood
Keruing Noble Pine Eastern
Larch, Pacific Jack Black

Western Silver Lodgepole {Western
Maple, Sugar  White Ponderosa Poplar)

Pine Hemilock, Spruce Pine

Caribbean Woestern Redwood Eastern

Ocote Lauan Spruce White
Pine, South. Almon Black Sugar

Loblolly Bagtikan Engelmann

Longleaf Mayapis White

Shortleaf Red Lauan

Slash Tangile
Tanoak White Lauan

Maple, Black
Mengkulang
Meranti, Red
Mersawa
Pine

Pond

Red

Virginia

Western

White

Spruce

Red

Sitka
Sweetgum
Tamarack
Yellow-

poplar

Fig. 2-15. Classification of softwood plywoods rates species
for strength and stiffness. Group 1 represents strongest woods.
(American Plywood Association)

FACE CORE

:
FACE * CROSSBANDS

FACE - FIVE-PLY CORE

A -:.'//;W////////x
AT

FACE ¥

Fig. 2-16. Plywood. Above. Lumber core. Below. Veneer core.

finishing, and hold nails and screws better. Plywood
is also manufactured with a particle board core. It
is made by gluing 1/28 in. veneers directly to the
particle board surface. The holding power of nails
and screws is lessened with this type of plywood.
However, it does provide a stable panel.
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COMPOSITE BOARD

Panels made up of a core of reconstituted wood
with a thin veneer on either side are called com-
posite board or composite panels. These materials
are widely used in modern construction.

In cabinetwork, hardboard and particle board, Fig.
2-17, serve as appropriate materials for drawer bot-
toms and concealed panels in cases, cabinets, and
chests. They are manufactured by many different
companies and sold under various trade names.

Hardboard

Hardboard is made of refined wood fibers,
pressed together to form a hard, dense material
(50-80 Ibs. per cu. ft.). There are two types: STAN-
DARD and TEMPERED. Tempered hardboard is
impregnated with oils and resins that makes it
harder, slightly heavier, more water resistant, and
darker in appearance. Hardboard is manufactured
with one side smooth (S18S) or both sides smooth

Fig. 2-17. Many structural wood panels are manufactured for
construction uses. Products shown (top to bottom) include:
waferboard, structural particle board, composite plywood,
oriented strand board, and plywood.
{Georgia Pacific Corporation)
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(§2S). S1S has a reverse impression of a screen on
the back side. Hardboard is available in thicknesses
from 1/12 in. to 5/16 in., with the most common
thickness being 1/8, 3/16, and 1/4 in. Panels are
4 ft. wide and come in standard lengths of 8, 10,
12, and 16 ft.

Particle Board

Particle board is made of wood flakes, chips, and
shavings bonded together with resins or adhesives.
It is not as heavy as hardboard (about 40 Ibs. per
cu. ft.) and is available in thicker pieces. Particle
board may be constructed of layers made of dif-
ferent size wood particles; large particles in the
center to provide strength, and fine particles at the
surface to provide smoothness.

Extensive use is made of particle board as a base
or core for plastic laminates and veneers. It is an
important material in the construction of counter
tops, cabinets, drawers and shelving, many types
of folding and sliding doors, room dividers, and a
variety of built-ins.

Itis popular because of its smooth, grain-free sur-
face, and its stability. Its surface qualities make it
a popular choice as a base for laminates. Doors
made of it do not warp and require little adjustment
following installation.

Particle board is available in thicknesses ranging
from 1/4 in. to 1 7/8 in. The most common panel
size is 4 x 8 ft.

Woaferboard

Waferboard, also called waferwood, is produced
from high quality flakes of wood that are about
1 1/2 in. square. These flakes are bonded together
under heat and pressure with phenolic resin, a
waterproof adhesive. Both sides of waferboard have
the same textured surface, Fig. 2-18. This surface
has a natural slickness which can be minimized by
special treatments. The density of waferboard is
about 40 Ibs. per square foot. Standard panel size
is 4 x 8 ft. Thickness ranges from 1/4 in. to 3/4 in.

Oriented Strand Board

Somewhat like waferboard in appearance,
oriented strand board is also made up of wood fibers
adhered to each other with suitable resins and glues,
Fig. 2-19. The fibers are arranged in successive
layers at right angles to one another. The panels can
be used in applications similar to plywood and par-
ticle board.

Composite board products may be worked with
regular woodworking machines and hand tools, us-
ing standard blades and knives. However, the resins
in these products do wear cutting edges more rapid-
ly than wood. Hard-tipped or carbide-tipped blades
should be used if there is a large amount of cutting
to be done.

41

Fig. 2-18. Waferboard consists of multilayers of wood wafers,
bonded together under extreme heat and pressure with a water-
proof phenolic resin. The result is a rigid, flat panel, dimensional-
ly stable and equally strong in all directions. [t may be used
as an interior or exterior material. {Georgia Pacific Corporation)

Fig. 2-19. Oriented strand board has layers of compressed
strand-like particles arranged at right angles to each other.
{Georgia Pacific Corporation)

HANDLING AND STORING

Lumber that will be used for cabinetmaking and
finished woodwork should be handled carefully,
especially if it is surfaced. It should be protected
from excessive moisture, dust and dirt, dents, and
scars. Whether rough or surfaced it must be kept
carefully stacked to minimize warpage.

A carefully laid stack of RW & L lumber is shown
in Fig. 2-20. Long boards are placed in the bottom
tiers (layers) and shorter ones on top, so that each
board is completely supported. Wide and narrow
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Fig. 2-20. A carefully built stack of RW & L lumber.

boards are laid so that ‘‘joints are broken’’ in each
successive tier. One end of the stack is dressed
(aligned) so that it will be easy to count the number
of pieces and figure the footage. If the lumber is
delivered with a considerably higher or lower
moisture content than it will attain in the storage
area, it should be open stacked with stickers (see
Glossary) so that air can circulate freely around each
piece.

Plywood, especially the fine hardwoods, must be
handled with great care. The faces are sanded and
they can easily become soiled and scarred. The best
method of storing is to lay the panels flat. If they
are stored in a vertical position, then pressure should
be applied to the sides to keep them in a true plane.

FIGURING BOARD FOOTAGE

The unit of measure for lumber is the board foot.
This is a piece 1 in. thick and 12 in. square or its
equivalent (144 cu. in.). You can figure the board
feet in some pieces very easily. For example, a board
1 x 12 and 10 ft. long will contain 10 bd. ft. If it
were only 6 in. wide it would be 5 bd. ft. If the
original board had been 2 in. thick it would have
contained 20 bd. ft. For most pieces of stock
however, you will need to use the following formula
(all of the sizes must be in inches):

No. pcs. x T x W x L
1Tx12x12

Bd. ft. =

For an example, find the number of board feet in
2 pieces of stock that are 1 x 9 x 36.

3 3
_2x1x9x36 _

Bd. ft. = =4 1/2
1x V2 x1Z
4 1

-l=|oo

Stock that is less than 1 in. thick is figured as
though it were 1 in. When the stock is thicker than
1 in. the nominal size is used. When this size con-
tains a fraction such as 1 1/2, change it to an im-
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proper fraction (3/2) and place the numerator above
the formula line and the denominator below. For ex-
ample, find the board footage in 3 pieces of stock
11/2 x 10 x b6.

7
3.1 1 5 14
B, ft, —FPes. Fx Wx56 _35 _17 1
2 VI V2 2
'y 4

ALWAYS USE THE NOMINAL SIZE of lumber to
figure the board footage. If the stock is long and
the length is given in feet then one of the twelves
(12s) can be dropped from the lower half of the for-
mula. In random width lumber it is good practice
to “‘round off’’ to the nearest inch. For example,
if the board was anywhere between 7 1/2to 8 1/2
in., figure it as 8 inches.

When working with large quantities of RW & L
lumber, the use of the formula would be impractical.
A BOARD RULE should then be used. See Fig. 2-21.
On the metal head and also at the handle, are
numbers for various lengths of boards. Running
along the body from these numbers are tables that
read in surface feet.

To use the board rule, first determine the length
of the board and then place the rule across the sur-
face with the head against one edge. Select the line
that corresponds to the length and follow across
to the other edge. Here you can read the board
footage if the piece is 1 in. thick. If the nominal size
of the board were 1 1/2 in., add 50 percent to the
reading; for 2 in. stock double the reading.

Boards of the same length can be placed side by
side and their total footage found in one reading.
Board rules are available with various combinations
of tables. A good one for hardwoods has five tables
on each side, running in odd and even feet from 7
through 16.

The unit of measure for plywood, hardboard, and
particle board is the SQUARE FOOT (sq. ft.). A stan-
dard 4 ft. x 8 ft. panel contains 32 sq. ft. Prices
are quoted per square foot on the basis of full panel
purchase, and vary widely depending on the kind,
thickness, and grade of the wood.

Fig. 2-21. Board rule. (Lufkin Rule Co.)
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TEST YOUR KNOWLEDGE, Chapter 2

Please do not write in the text. Place your
answers on a separate sheet of paper.

1.
2.

10.

11.

Softwood comes from the evergreen or nee-
dle bearing trees that are called

Which one of the following kinds of wood is
classified as softwood: basswood, cotton-
wood, redwood, or willow?

Which one of the following kinds of wood is
the heaviest: white ash, cherry, walnut, or
white oak?

Softwood lumber is divided into three size
classifications: . lumber,
and timber.

. The highest appearance grade softwood

boards are called

. The best grade of hardwood lumber that is

generally available is

One grade of hardwood Iumber is called No.
1 common and contains percent
clear cuttings.

A defect caused by a separation between the
annual growth rings is called a

The warp in a board is more clearly deflned by
stating that it is cupped, bowed, , or
twisted.

Quarter-sawed hardwood lumber is cut by the
same method used to produce soft-
wood lumber.

One item on a hardwood purchase order reads:
200 bd. ft.—4/4 walnut, FAS, KD, RW & L,

12,

13.

14.

16.
16.

Rgh. or S2S to 13/16. Define each of the ab-
breviations used.

A plywood panel that was listed as G2S would
be
Hardboard is
particle board.
Identify the two methods used to determine
the moisture content of wood.

Name four types of composite board.

If 6/4 ponderosa pine is selling for 36 cents
a board foot, a piece 10 in. by 24 in. would
cost

(lighter, heavier) than

ACTIVITIES

Plan and construct an electrically operated
wood identification panel. It might operate in
such a way that when the correct name is
matched with the sample a light will glow or
a buzzer will sound. You might build the parts
in the shop and do the assembling and wiring
at home. Wood sample kits can be secured
from hardwood lumber dealers.

. On a strip of heavy cardboard, develop the

tables for a board rule that would measure
stock 2, 3, 4, 5, and 6 ft. long. Try it out in
the shop and check your readings with the
board foot formula.

Prepare a sample board showing the various
types of plywood and composite board.
Collect and mount samples of boards that il-
lustrate the defects explained in this chapter.

These custom wooden gears were designed and fabricated for use in an authen-
tic grist mill restoration project in Vigo County, Indiana. The gear bodies are white

oak and the teeth are hard maple.
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Top. Clamp your workpiece so that both hands may be used to guide sharp tools. {The Stanley Works). Bottom. Wear eye
protection whenever foreign material may be produced. (Black & Decker)
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An important part of your experience in wood-
working will be learning to follow practices and pro-
cedures that will prevent injuries to YOURSELF and
OTHERS. Pay close attention to the instructions and
demonstrations given by your instructor. Study the
directions given in this book for using tools and
machines. As you learn to use them the correct
way, you also learn to use them the safe way.

Develop a good attitude toward safety. This
means that you have a strong feeling toward the
importance of safety and are willing to give time and
attention to learning the safest way to perform your
work. It means that you will be certain to work
carefully and follow the rules—even when no one
is watching you. A safe attitude will protect you and
others, not only in the shop, but also in activities
outside of school.

Carefully study the safety rules which follow.
Your instructor may also recommend some addi-
tional rules. If you follow the rules and directions
carefully, many of them will soon become safety
habits that you will perform almost automatically.

GENERAL SAFETY RULES

SECURE APPROVAL. Secure your instructor’s ap-
proval for all work you plan to do in the shop. He
or she is the one to decide if the work can and
should be done, and will be able to suggest the best,
easiest, and safest way to do it.

CLOTHING. Dress properly for your work.
Remove coats and jackets, tuck in your tie, and roll
up loose sleeves. It is advisable to wear a shop
apron that is snugly tied.

EYE PROTECTION. Wear safety glasses or a face
shield when doing any operation that may endanger
your eyes. Be sure you have enough good light to
see what you are doing without straining your eyes.
Refer Fig. 3-1.

CLEAN HANDS. Keep your hands clean and free
of oil or grease. You will do better and safer work,
and the tools and your project will stay in good
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Fig. 3-1. Always wear eye protection when performing any
operation that may endanger your eyes. This hazardous job re-

quires safety glasses. (Paslode Co., Div. of Signode)

condition.

CONSIDERATION OF OTHERS. Be thoughtful and
helpful toward other students in the class. Be sure
that the work you are doing does not endanger
someone else. Caution other students if they are
violating a safety rule.

TOOL SELECTION. Select the proper size and
type of tool for your work. An expert never uses
a tool unless it is sharp and in good condition, Fig.
3-2. Inform your instructor if tools are broken, have
loose handles, or need adjustments.
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Fig. 3-2. This sharp chisel is the proper tool for the installation
of the lock set. It is very sharp, so use it with care.
(The Stanley Works)

CARRYING TOOLS. Keep sharp-edged and
pointed tools turned down. Do not swing or raise
your arms over your head while carrying tools. Carry
only a few tools at one time, unless they are in a
special holder. Do not carry sharp tools in the pocket
of your clothes.

CLAMPING STOCK. Whenever possible, mount
the work in a vise, clamp, or special holder, Fig. 3-3.
This is especially important when using chisels,
gouges, or portable electric tools.

USING TOOLS. Hold a tool in the correct posi-
tion while using it. Most edged tools should be held
in both hands with the cutting motion away from
yourself and other students. Be careful when us-
ing your hand or fingers as a guide to start a cut.
Test the sharpness of a tool with a strip of paper
or a scrap or wood. DO NOT USE YOUR FINGERS.

WORKING SPEED. Do not ‘“‘rush and tear””
through your work. The good craftsworker knows
that a steady, unhurried pace is safest and produces
the best work.

BENCH ORGANIZATION. Keep your project
materials carefully organized on your bench with
tools located near the center. Do not pile tools on

top of each other. Never allow edged or pointed
tools to extend out over the edge of the bench.
Close your vise when it is not in use and see that
the handle is turned down. Keep drawers and
cabinet doors closed.

FLOOR SAFETY. The floor should be clear of
scrap blocks and excessive litter. Keep projects,
sawhorses, and other equipment and materials you
are using out of traffic lanes. Immediately wipe up
any liquids spilled on the floor.

MATERIAL AND PROJECT STORAGE. Store and
stack your project work carefully in assigned areas.
If the storage is overhead, be sure the material will
not fall off. Straighten the lumber rack when you
remove a board. Do not leave narrow strips pro-
truding from the end of the storage rack, especially
at or near eye level.

LIFTING. Protect your back muscles when lifting
heavy objects. Have someone help you. Lift with
your arm and leg muscles. Secure help with long
boards, even if they are not heavy.

FIRE PROTECTION. Many finishing materials,
thinners, etc. are highly flammable. Others are toxic.
Because of this, it is important that these materials
be used only in approved areas. In addition, close
cans of finishing materials and thinners immediately

Fig. 3-3. A bench vise is ideal for holding small pieces for an
operation. {(The Stanley Works)
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after use. Use flammable liquids in very small quan-
tities. Be sure the container is labeled. Dispose of
oily rags and other combustible materials im-
mediately, or store them in an approved container.
Secure the instructor’s approval before you bring
any flammable liquids into the shop.

INJURIES. Report all injuries, even though slight,
to your instructor.

SHOP SAFETY

Woodworking is a very dangerous activity as
many people know from firsthand experience. Shop
safety is not just posting safety rules or talking
about safe work practices. Shop safety should be
a mental attitude that each of us develops and prac-
tices in our everyday work.

Naturally, you should do the typical things such
as keeping the floor clean; picking up materials and
tools before the work space becomes cluttered; and
using safety devices such as safety glasses, ear pro-
tection, and machine guards. However, you should
also select safer tools such as chip-limiting saw
blades and cutters, Fig. 3-4. (Chip-limiting cutters
help prevent overfeeding and are much safer than
typical cutters.) You should read the owner’s
manuals frequently to refresh your memory on the
safe procedures recommended for a particular piece
of equipment. Pause to examine the total set-up
before turning on a machine. All it takes is one small
mistake to lose a finger or an eye. Be sure that safe-
ty guards are in place and used properly. More sen-
sible and usable guards are being developed for
most types of machines. Finally, know and respect
your machines. They are designed to ‘‘cut’” wood
which is far tougher than your hand. Thinking safety
pays dividends!

Fig. 3-4. Chip-limiting saw blades are much safer to use than

blades that do not incorporate this feature. {Freud, Inc.)

POWER EQUIPMENT SAFETY RULES

Modern power woodworking machines can save
large amounts of time. Learning how to use them
safely will be an important part of your experience
in the shop. Whether or not you are permitted to
use power equipment will depend on your maturity
and ability, along with policies established by your
instructor.

Although beginning students will usually do most
work with hand tools, there are certain basic
machine operations that save time and may be ap-
propriate if performed under close supervision.

Before operating any power tool or machine you
must become thoroughly familiar with the way it
works and the correct procedures to follow in its
use. As you learn to use a machine the correct way,
you will also be learning to use it the safe way.

Study the procedures outlined in the following
chapters carefully. Pay close attention to the
demonstrations and directions given by your in-
structor. Know and understand the following
general safety rules that apply to power machine
operation. You must also learn the specific safety
rules that apply to each machine.

1. Always be sure you have the instructor’s ap-
proval to operate a machine. Your instructor
knows you and the machine, and can best
decide whether you have ‘“what it takes’’ to
operate the machine safely.

2. Wear appropriate clothing. Remove coats or
jackets, tuck in your tie, and roll up loose
sleeves. Wear a shop apron and tie it snugly.
See Fig. 3-5.

Fig. 3-5. This student woodworker is wearing proper eye pro-

tection for the operation he is performing. (VICA)
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11.

12.

13.

14.

15.

16.
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You must be wide awake and alert. Never
operate a machine when you are tired or ill.
Think through the operation before perform-
ing it. Know what you are going to do, and
what the machine will do.

Make all the necessary adjustments before
turning on the machine. Some adjustments on
certain machines will require the instructor’s
approval, Fig. 3-6.

Never remove or adjust a safety guard without
the instructor’s permission.

Use approved push sticks, push blocks, feather
boards, and other safety devices. Some opera-
tions may require the use of a special jig or
fixture.

Keep the machine tables and working surfaces
clear of tools, stock, and project materials.
Also keep the floor free of scraps and ex-
cessive litter.

Allow the machine to reach its full operating
speed before starting to feed the work.
Feed the work carefully and only as fast as the
machine will easily cut.

Maintain the MARGIN OF SAFETY specified
for the machine. This is the minimum distance
your hands should ever come to the cutting
tool while in operation.

If a machine is dull, out of adjustment, or not
working properly, shut off the power im-
mediately and inform the instructor.

When you are operating the machine, you are
the only one to control it. Start and stop the
machine yourself. If someone is helping you,
be sure they understand that they are ex-
pected to know what to do and how to do it.
Do not allow your attention to be distracted
while operating a machine. Also, be certain
that you do not distract the attention of other
machine operators.

Stay clear of machines being operated by other
students. See that other students are “‘out of
the way’’ when you are operating a machine.
When you have completed an operation on a
machine, shut off the power. Wait until it stops

Fig. 3-6. Proper adjustment of a machine is important for safe

operation. (Dremel)
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17.

18.

before leaving the machine or setting up
another cut. Never leave a machine running
while unattended.

Machines should not be used for trivial opera-
tions, especially on small pieces of stock. Do
not play with machines.

Do not “‘crowd around’’ or wait in line to use
a machine. Ask the present operator to inform
you at your work station when finished. Com-
mon standards of courtesy may slow you
down, but they will make the shop a safer and
more pleasant place to work.

Safety Rules for Jointer

The jointer is one of the MOST DANGEROUS
machines in the woodshop. Follow these safety
rules carefully in addition to the general safety rules.

1.

2.

Be sure you have the instructor’s approval to
operate the machine.

Before turning on the machine, make ad-
justments for depth of cut and position of
fence.

Do not adjust outfeed tables or remove guard
without the instructor’s approval, Fig. 3-7.
The maximum cut for jointing an edge is 1/8
in.: for a flat surface, 1/16 in.

Stock must be at least 12 in. long. Stock to
be surfaced must be at least 3/8 in. thick,
unless a special feather board is used.

Feed the work so the knives will cut “'with the

grain.”” Use only new stock that is free of
knots, splits, and checks.

Keep your hands away from the cutterhead
even though the guard is in position. Maintain
at least a 4 in. margin of safety!

Use a push block when planing a flat surface,
Fig. 3-8. Do not plane end grain unless the
board is at least 12 in. wide.

The jointer knives must be sharp. Dull knives
will vibrate the stock and may cause a
kickback.

Fig. 3-7. This jointer is fitted with a proper guard. Be sure that
it works smoothly and it is in place for safe operation.
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Fig. 3-8. This operator is using a pusher block to surface a

short piece of stock. (CMT Tools)

Portable power tools, even though they are small,
can be just as dangerous as stationary woodwork-
ing machines when not used properly. You should
be certain that you know how to operate the equip-
ment and then follow the safety rules.

Safety Rules for Power Planes

1.

Study the manufacturer’s instructions for

detailed information on adjustments and
operation.
Be certain that the machine is properly
grounded.

Hold the standard power plane in-both hands
before you pull the trigger switch. Continue
to hold it in both hands until the motor stops
after releasing the switch, Fig. 3-9.

Always be sure the work is securely clamped
and held in the best position for performing the
operation.

Do-not attempt to operate with one hand a
regular power plane designed for two hands.
Disconnect electrical cords before making ad-
justments or changing cutters.

Safety Rules for Planers

1.

Be sure you have the instructor’'s permission
to operate the machine.

Fig. 3-9. This operator is using the proper procedure to plane
a surface with a portable electric plane.
(Makita U.S.A., Inc.)
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2.

3.

10.

Adjust the machine to the correct thickness
of cut before turning on the power.

Stock should be at least 12 in. long, or several
inches longer than the distance between the
centers of the feed rolis.

Surface only new lumber that is free of loose
knots and serious defects.

Plane with the grain, or at a slight angle with
the grain. Never attempt to plane cross grain.
Stand to one side of the work being fed
through the machine, Fig. 3-10.

Do not look into the throat of the planer while
it is running.

Do not feed stock of different thicknesses side

by side through the machine, unless it is

equipped with a sectional infeed roll.
Handle and hold the stock only in an area
beyond the ends of the table.

If the machine is not working properly, shut
off the power at once and inform the
instructor.

Safety Rules for Table Saws

1.

Be certain the blade is sharp and the right one
for your work.

Fig. 3-10. Notice how this operator is standing to one side while
operating this stationary planer.
(Delta International Machinery Corp.)



2. The saw is equipped with a guard and a split-
ter. Be sure to use them, Fig. 3-11.

3. Set the blade so it extends about 1/4 in. above
the stock to be cut.

4. Stand to one side of the operating blade and
do not reach across it.

5. Maintain a 4 in. margin of safety. Fig. 3-12
shows one method to use for safely cutting
a small piece of stock.

6. Stock should be surfaced, with at least one

edge jointed before being cut on the saw. Fig. 3-13. The guard may not be used in this operation and,

7. The position of the stock must be controlled
either by the fence or the miter gauge. NEVER
CUT STOCK FREE HAND.

8. Use only new stock that is free of knots, 11.

splits, and warp.
9. Stop the saw before making adjustments to

the fence or blade. 12.

10. Do not let small scrap cuttings accumulate

around the saw blade. Use a push stick to 13,

move them away.

Fig. 3-11. This student woodworker is using the guard and
splitter in a safe manner.  (Delta International Machinery Corp.)

Fig. 3-12. A small piece of stock may be cut safely on the table
saw by clamping it securely to a larger piece.
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14.

10.

therefore, should be approved by the instructor.

Resawing and other special setups must be in-
spected by the instructor before power is turn-
ed on, Fig. 3-13.

The dado or any special blades should be
removed from the saw after use.

Students helping to ‘‘tail-off’’ the saw should
not push or pull on the stock but only support
it. The operator must control the feed and
direction of the cut.

As you complete your work, turn off the
machine and remain until the blade has
stopped. Clear the saw table and place waste
cuttings in the scrap box.

Safety Rules for Radial Arm Saws
1.

Stock must be held firmly on the table and
against the fence for all crosscutting opera-
tions, Fig. 3-14. The ends of long boards must
be supported level with the table.

Before turning on the motor be certain that all
clamps and locking devices are tight and the
depth of cut is correct.

Keep the guard and anti-kickback device in
position. Do not remove them without your in-
structor’s permission.

Always return the saw to the rear of the table
after completing a crosscut or miter cut. Never
remove stock from the table until the saw has
been returned.

Maintain a 6 in. margin of safety.

Shut off the motor and wait for the blade to
stop before making any adjustments.

Be sure the blade is stopped before you leave
the machine.

Keep the table clean and free of wood scraps
and excessive amounts of sawdust.

Secure approval from your instructor before
making ripping cuts or other special setups.
When ripping stock it must be flat and have
one straight edge to move along the fence.
When ripping, always feed stock into the blade
so that the bottom teeth are turning toward
you. This will be the side opposite the anti-
kickback fingers, Fig. 3-15.



Fig. 3-14. This is the proper procedure for crosscutting stock on the radial arm saw.
{Delta International Machinery Corp.)

Fig. 3-15. The splitter and anti-kickback fingers should be
properly adjusted when ripping on the radial arm saw.

b1

Safety Rules for Portable Circular Saws

1.

Stock must be supported in such a way that
the kerf will not close and bind the biade during
the cut or at the end of the cut.

Thin materials should be supported on
benches. Small pieces should be clamped in
a vise or onto a bench top or sawhorse.

Be careful not to cut into the bench, sawhorse,
or other supporting devices.

Adjust the depth of cut to the thickness of the
stock, and add about 1/8 in.

Check the base and angle adjustment to be
sure they are tight. Plug in the cord to a
grounded outlet and be sure it will not become
fouled in the work.

Always place the saw base on the stock, with
the blade clear, before turning on the switch.
During the cut, stand to one side of the cut-
ting line.

Large saws will have two handles. Keep both
hands on them during the cutting operation.
Small saws should also be guided with both
hands when possible, Fig. 3-16.
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Fig. 3-16. Notice that the base of the saw is resting on the
stock as the blade is moved forward, the work is securely
clamped, and the operator is using both hands to hold the saw.

9.

10.

(Black & Decker)

Always unplug the machine to change blades
or make major adjustments.
Always use a sharp blade with plenty of set.

Safety Rules for Band Saws

1.

R

© o«

12.

Wheel guard doors must be closed, and the
blade properly adjusted, before turning on the
machine.

Adjust the upper guide assembly so itis 1/4
in. above the work, Fig. 3-17.

Allow the saw to reach full speed before
feeding the work.

The stock must be held flat on the table.
Feed the saw only as fast as the teeth can
easily remove the wood.

Maintain a 2 in. margin of safety!

Plan saw cuts to avoid backing out of curves
whenever possible, Fig. 3-18.

Make turns carefully and do not cut radii so
small that the blade is twisted.

Stop the machine before backing out of a long,
curved cut.

Round stock should not be cut unless mounted
securely in a jig or hand screw.

If you hear a clicking noise, turn off the
machine at once. This indicates a crack in the
blade. If the blade breaks, shut off the power
and move away from the machine until both
wheels stop.

Turn off the machine as soon as you have
finished your work. If the machine has a brake,
apply it smoothly. Do not leave the machine
until it has stopped running.

Safety Rules for Scroll Saws

1.

Be certain the blade is properly installed. It
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Fig. 3-17. The upper guide assembly of this band saw is prop-

erly adjusted for the thickness of stock being cut.
(Black & Decker)

Fig. 3-18. The cutting sequence has been planned so that each
operation will permit the next cut without backing out of a

curve. (Jam Handy Organization)

should be in a vertical position with the teeth
pointing down, Fig. 3-19.

Roll the machine over by hand to see if there
is clearance for the blade, and if the tension
sleeve has been properly set.

Check the belt guard to see that it is closed
and tight.

Keep the hold-down adjusted so the work will
not be raised off the table.
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Fig. 3-19. This modern scroll saw is ready for work, with the blade installed properly

(teeth pointing down) and held in place.

5. When the saw is running, do not permit your

fingers to get directly in line with the blade.
The work can usually be held on either side
of the cutting line, as shown in Fig. 3-20.

Safety Rules for Saber Saws

1.

2
3
4.
5
6

Make certain the saw is properly grounded
through the electrical cord.

. Select the correct blade for your work and be

sure it is properly mounted.

Disconnect the saw to change blades or make
adjustments.

Place the base of the saw firmly on the stock
before starting the cut.

. Turn on the motor before the blade contacts

the work.

Do not attempt to cut curves so sharp that the
blade will be twisted. Follow procedures
described for band saw operation.

Make certain the work is well supported. Do
not cut into sawhorses or other supports.

Safety Rules for Drill Presses

1.

Check the speed setting to see that it is cor-
rect for your work. Holes over 1/2 in. should
be bored at the lowest speed.

Use only an approved type of bit. Bits with
feed screws or those with excessive length
should not be used.
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3.

4.

5.

6.

{Dremel)

Mount the bit securely to the full depth of the
chuck and in the center. Remove the key
immediately.

Position the table and adjust the feed stroke
so there is no chance of the bit hitting the
table.

The work should be placed on a wood pad
when the holes are drilled all the way through.
Work that will be held by hand should be
center punched.

Fig. 3-20. Making a cut with fingers a safe distance from the

blade. (Dremel)
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7. Small or irregular shaped pieces must be in the punched layout hole.
clamped to the table or held in some special 7. Hold the drill firmly in one or both hands and
fixture, Fig. 3-21. at the correct drilling angle, Fig. 3-23.

8. Feed the bit smoothly into the work. When the 8. Turn on the switch and feed the drill into the
hole is deep, withdraw it frequently to clear work. The pressure required will vary with the
the shavings and cool the bit. size of the drill and the kind of wood.

9. When using special clamping setups, or a hole 9. During the operation, keep the drill aligned with
saw or fly cutter, have your instructor inspect the direction of the hole, Fig. 3-24.
it before turning it on. Fig. 3-22, 10. When drilling deep holes, especially with a

10. Always have your instructor check setups for twist drill, withdraw the drill several times to
routing and shaping. clear the shavings.
11. Follow the same precautions and procedures

Safety Rules for Portable Electric Drills

1. Select the correct drill or bit. Mount it securely
to the full depth of the chuck.

2. Either clamp a scrap piece under work to pre-
vent splintering the underside, or drill from
both sides.

3. Stock to be drilled must be held in a stationary
position so it cannot be moved during the
operation.

4. Connect the drili to a properly grounded outlet.
5. Turn on the switch for a moment to see if the
bit is properly centered and running true.

6. With the switch off, place the point of the bit

Fig. 3-21. Using a V-block to drill a hole in round stock is a

safe practice.

as when drilling holes with the drill press.

Fig. 3-23. This drill is small enough to hold with one hand when
drilling small holes. Two hands may be used, however, for

added support. (Black & Decker)

Fig. 3-24. A combination square may be used to keep the drill

aligned with the direction of the hole while drilling. Lateral

pressure may cause the drill to grab and twist out of your hand.
{Black & Decker)

Fig. 3-22. The fly cutter is a dangerous tool. Be sure to clamp
the work securely to the table when using this tool.
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12. Always remove the bit from the chuck as soon
as you have completed your work.

Safety Rules for Lathes

1. Before starting the machine, be sure that spin-
dle work has the cup center properly imbed-
ded, tailstock and tool rest securely clamped,
and proper clearance for the rotating stock.

2. Before starting the machine for faceplate work,
check to see that the faceplate is tight against
the spindle shoulder and the tool support has
proper clearance.

3. Wear goggles or a face shield to protect your
eyes, especially when roughing out work. The
lathe should have a guard, Fig. 3-25.

4. Select turning speed carefully. Large diameters
must be turned at the lowest speed. Always
use the lowest speed to rough out work. o

5. Wood with knots and splits should not be RGeS ES e oe! re::nih::lgcl;?dgln?e o the work to pre-
turned. Glued-up stock should cure the proper
amount of time—at least 24 hours.

6. Keep the tool rest close to the work, Fig. 3-26. they are not in use.
7. Remove the tool rest for sanding and polishing 10. When you stop the lathe to check your work,
operations. also check and lubricate the cup center.
8. Use a scraping cut for all faceplate work. 11. Keep the lathe tools sharp, hold them firmly
9. Remove both the spur and cup centers when and in the proper paosition.
HEADSTOCK SAFETY SHIELD

TOOL REST

SPINDLE
R o o HANDWHEEL
o 1 i, T "ﬂ‘
i G, CUREET. (AR Y /
SWITCH ,m:._-# T -

Fig. 3-25. This wood lathe is fitted with an approved safety shield. One section may
be removed when doing faceplate turning. {Delta International Equipment Corp.)
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Keep sleeves rolled up and loose clothing away
from moving parts of the lathe and work.

Safety Rules for Portable Routers

1.

The bit must be securely mounted in the chuck
to a depth of at least 1/2 in. The base must
be tight.

As with all portable tools, be certain that the
motor is properly grounded.

Wear eye protection when using the router.
Be certain the work is securely clamped and
will remain stationary during the routing opera-
tion, Fig. 3-27.

Place the router base on the work or template,
with the bit clear of the wood before turning
on the power. Hold it firmly when turning on
the motor to overcome starting torque.
Hold the router in both hands and feed it
smoothly through the cut in the correct
direction.

When the cut is complete, turn off the motor.
Do not lift the machine from the work until the
motor has stopped.

. Always ask your instructor to check special

setups before proceeding.

. Always unplug the motor when mounting bits

or making major adjustments.

Safety Rules for Shapers

1.

Be sure to get the instructor’s permission

Fig. 3-27. The work is securely clamped and eye protection

is being worn while operating the router.

(Black & Decker)
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COLLAR ——

before starting to set up and use the machine.

. When possible, mount the cutter so that most

of the cutting will be performed on the lower
part of the edge. Any unused part of the cut-
ter should be below the table, Fig. 3-28.

. An approved lock washer must be located

directly under the spindle nut. The nut must
be set tight.

Use the fence for all straight line shaping cuts.
Be certain it is properly adjusted and securely
locked in place.

Use guards, feather-boards, and hold-down
devices whenever possible, Fig. 3-29.
Maintain a 4 in. margin of safety when using
the fence or miter gauge, and a 6 in. margin
when using depth collars. If the part is too
small to allow this margin, design and build a
special holder or push board.

Cut only new stock that is straight, true, and
free of splits, checks, and knots.

Roll the spindle over by hand to check
clearance of complicated settings. Snap the

NUT-_

T

=1 LOCK

T_ WASHER
" //
r

oA A
ar:, WORK
I X L

CUTTER
~-

TABLE

SPINDLE

Fig. 3-28. The unused part of the cutter is positioned below

the table for safety.

Fig. 3-29. Hold-downs help to make a smooth, safe cut on the

shaper.
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depleting substances such as carbon tetrachloride,
trichloroethane, and methyl chloroform. Methyl
chloroform and trichloroethane are found in many
solvents and adhesives used in the furniture in-
dustry. Further, chemical manufacturers must stop
producing these ozone-depleting substances by
January 1, 1996.

TEST YOUR KNOWLEDGE, Chapter 3

Please do not write in the text. Place your
answers on a separate piece of paper.

1.

11.

12.

You should wear safety glasses in the shop:

a. When working with sharp tools.

b. When doing any work that may endanger
your eyes.

c. When you feel like wearing them.

d. None of the above.

Why is it important to apply and handle

finishing materials only in an approved area?

State 10 safety rules to follow when using

power equipment.

.. The minimum distance your hands should ever

come to a cutting tool while in operation is
called the .
Portable power tools are much more danger-
ous than stationary woodworking machines.
True or False?

. The margin of safety for a jointer is:

a. 8 inches.

b. 1 inch.

c. 4 inches.

d. None of the above.

When feeding stock into a planer or table saw,
stand (in front, to one side) of the work.

In general, the should control the
machine while in operation.

a. Helper.

b. Operator.

c. Teacher.

d. None of the above.

If possible, small saws should be guided with
both hands. True or False?

. When using a band saw, allow the saw to

reach
work.
A clicking noise on a band saw indicates a:
a. Nothing of concern.

b. A broken wheel guard.

c. A crack in the blade.

d. None of the above.

Power hand tools should be properly ground-
ed through an - ;

speed before feeding the

13.

14.
15.

glasses are worn to provide maximum safety.

When working with both drill presses and elec-
trical drills, any type of bit will do a good job.
True or False?

What lathe speed should be used for turning
large diameters and to rough out work?
Explain the proper way to hold a router for the
best results.

ACTIVITIES

Prepare a list of all the toxic chemicals used
in your wood shop. Identify the appropriate
safety precautions to be used with each
chemical. Ask your instructor for Material
Safety Data Sheets of each toxic chemical in
the shop. Study each sheet and report the
safety precautions for each chemical to the
class. If they are not available, compile your
own list of safety precautions and report them
to the class.

Go to your school or local library and borrow
a film about shop accidents. Arrange to show
the film to your classmates.

Keep a log of unsafe work practices that you
observe in your class for a period of two
weeks. Report your observations to the class
and emphasize the possible outcomes of each
poor work practice.

The plate joiner is firmly held with both hands and safety

(DeWalt)
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Left. Try Squares and ‘T’* Bevels. (Stanley Tools). Right. Accurate measurement and careful work are necessary for the suc-
cess of any woodworking project. (The Stanley Works)

60



Measurement, Layout, and Rough-out

teeth is shown in Fig. 4-14.

Follow about the same procedure for ripping as
crosscutting. The rip saw is held at about a 60
degree angle. Start the cut with the board extended
out over the sawhorse and then move the sawhorse
back as the cut is advanced. After cutting some
distance, the sawhorse can be moved to a position
in front of the saw as shown in Fig. 4-15. If the saw
tends to bind in the kerf, a wedge can be inserted
to hold it open.

The crosscut saw can be used for ripping but it
will cut much slower. The rip saw, however, should
not be used for crosscutting as it will not cut
through cross grain fibers easily and will leave a
very rough cut.

LAYING OUT AND CUTTING PLYWOOD

Since plywood has a finished (sanded) surface
and is expensive, especially in hardwood, it must
be cut out carefully. If there are many pieces, or the
parts are complicated, make a scaled drawing on
paper before making the layout on the panel. This
will'insure the most economical layout and prevent
errors such as cutting pieces with the grain running
in the wrong direction.

Fig. 4-15. Ripping stock to width. Note the defect called
“wane’’ along the edge of the board.
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Fig. 4-17. Cutting plywood with a 10 point crosscut saw. Note
the “’stringers’’ placed on sawhorses to support the panel.

Since you will be cutting almost to finished size,
it is good practice to use a DOUBLE LINE layout as
shown in Fig. 4-16. The width of the cutting space
will vary with the kind of plywood and type of saw
used, in addition to the method used to smooth the
edge. Use a 10 point (or finer) toothed CROSSCUT
SAW for cutting plywood. See Fig. 4-17. Work
carefully and try to avoid excessive splintering on
the underside. Always be sure the panel is well
supported and try to prevent any damage to the
surface.

The portable saber saw is a good tool to use for
cutting plywood, Fig. 4-18. It cuts on the upstroke,
and this tends to splinter the top surface. Directions
for using this tool are included in Chapter 13.

Use the same general procedures for cutting hard-
board and particle board.

SHARPENING A HAND SAW

Sharpening or refitting a hand saw is one of the
more difficult processes in hand tool maintenance.
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{DeWalt)

Fig. 4-18. Cutting plywood with a saber saw.

However, as you gain skill and experience in wood-
working you should not hesitate to undertake this
task. Start with a saw that has become dull but still
has well-shaped teeth. Sharpening a saw that is in
poor condition with teeth out of shape is a challenge
for even an experienced woodworker. Such saws
should be sent to a local saw shop or to the fac-
tory where they can be machine filed or refitted by
an expert.

The process of sharpening a saw includes three
basic operations: JOINTING, SETTING, and FILING.
While they are usually performed in this order, a
heavy jointing operation will reduce the size of the
teeth and they will need to be filed and reshaped
before setting is possible. Since a saw can be lightly
jointed and filed several times before additional set
is required, these operations will be described first.

JOINTING

Jointing is the operation of lightly filing off the
points of the teeth so that they are all the same
height. Clamp the saw in a vise and run a smooth
mill file along the teeth. Clamping the file to a square
block of wood, as shown in Fig. 4-19, will keep it
in a horizontal position and guide it along the blade.

Move the file lightly over the teeth several times
until tiny ‘‘flats’’ or ‘‘brights’’ are visible on the
points of the teeth. The jointing process for the in-
structional pictures that follow was considerably
overdone so that the flats could be easily seen. In
actual practice, the jointing should be as light as
possible and stopped just as soon as flats appear
on nearly all of the teeth.

Patented saw jointing devices are available that
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Fig. 4-19. Jointing a hand saw, using an 8 in. smooth mill file
clamped to a square block of wood.

have a built-in file or abrasive stone, or hold a stan-
dard mill file.

FILING

Filing a hand saw is done with a triangular saw
file, like the one shown in Fig. 4-20. These saws
are available in lengths from 4 to 8 in. Widths or
cross sections are designated as regular taper, slim
taper, extra slim taper, and double extra slim taper.
For a 5 or 6 point rip saw, use a 7 in. slim taper.
For a 10 point crosscut, a 5 in. extra slim taper is
usually recommended. Be sure the file is equipped
with a tight fitting handle.

Mount the saw in a regular saw-filing vise with
the handle to your right. If one is not available, it
can be mounted between two strips of wood in a
regular woodworking vise. The teeth should project
above the strips about 1/4 in. Start at the heel of
the blade and work toward the toe. Place the file
in the first gullet where it will contact the back of
a tooth set away from you. Position the file to fit
the bevel of the teeth so that you will file the front
of a tooth and the back of an adjacent tooth in a
single stroke.

Rip saw teeth are filed almost straight across with
the handle end of the file just a few degrees below
a horizontal line. See Fig. 4-21. Crosscut teeth are
filed at an angle of about 65 degrees with the han-
dle end of the file about 10 degrees below the
horizontal, as shown in Fig. 4-22.

Use long, full strokes, with just enough pressure
to make the file cut easily. Raise the file out of the
gullet on the return stroke so that you can observe
the work. Continue to file until you have removed
about one-half of the ‘‘flat’’ of the teeth on each

A e e S—

Fig. 4-20. Triangular taper saw file. (Nicholson File Co.)
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Fig. 4-21. File rip saw teeth nearly straight across, with the
file handle down about 2 degrees.

Fig. 4-22. Filing a crosscut saw. Top. Filing at about a 65
degree angle, with the handle down about 10 degrees. Bottom.
Close-up view.

side. File every other gullet until you reach the toe
of the blade. Reverse the saw in the clamp and file
the other gullets, stopping just as soon as the flats
disappear. This is very important because when the
flats are gone you will lose your reference point and
may file some teeth shorter than others. Fig. 4-23
shows correctly filed crosscut and rip teeth.
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Fig. 4-23. Correctly filed saw teeth. Above. Rip teeth. Below.
Crosscut teeth. (Nicholson File Co.)

Fig. 4-24. Setting the teeth. In this position the saw set will
bend the teeth away from you.

SETTING

Setting is the operation of bending the teeth
slightly outward. The amount of set is determined
by the points per inch. Most SAW SETS are
calibrated on this basis. The proper amount of set
should produce a saw kerf that is a little less than
1 1/2 times the thickness of the blade. This will
require that each tooth be bent out slightly less than
1/4 of the blade thickness.

Study the manufacturer’s directions and adjust
the saw set. Clamp the saw in the vise and set the
teeth bent away from you. See Fig. 4-24. Only
about the upper half of the tooth should be set.
Reverse the saw in the vise. Set the remaining teeth.

Automatic filing and setting machines are shown
in Figs. 4-25 and Fig. 4-26. After these machines
are set up and adjusted they can do a perfect job
of filing and setting in minutes.

Take good care of your hand saws. Be sure the
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Fig. 4-26. Automatic saw setting machine. After adjustments
are made, it takes less than a minute to set a hand saw. The
same machine can be used to set band saw blades.

(Foley-Belsaw Co.}

today are and .
2. Make a before
selecting the stock best suited for your project.
3. How much extra stock is allowed in a rough
layout for thickness?
a. 1/2 in.
b. 1/4 in.
c. 1/16 in.
d. None of the above.
4. How are crosscut saw teeth different from rip
saw teeth?
5. Only half the entire length of the saw blade
should be used when making a cut. True or
False?
6. When cutting short pieces of wood, they
Fig. 4-25. Automatic saw filer. After each file stroke, pawl should be held:
engages teeth and moves blade into position for the next a. By hand.
stroke. (Foley-Belsaw Co.} b. In a vise.
c. By another person.
d. None of the above.
lumber you cut with them is clean, dry, and free of 7. The (rip saw, crosscut saw) can
nails. When not in use they should be kept in a tool be used for both ripping and crosscutting.
rack or holder that will protect them from damage. 8. The double line layout is used when laying out
Keep the screws tight in the handle. Wipe the blade and cutting .
frequently with a cloth lightly saturated with oil. 9. The three basic operations in the process of
Some woodworkers use a lemon oil furniture polish sharpening a saw are , . and
instead of machine oil. It has a slight cleaning action —
and leaves a light oily film that protects the metal ~ 10. Crosscut teeth are filed at an angle of about
surface from rust. __ degrees with the handle end of the
file about degrees below the hori-
zontal.
TEST YOUR KNOWLEDGE, Chapter 4
ACTIVITIES
Please do not write in the text. Place your
answers on a separate sheet of paper. 1. Study the catalog of a supplier/manufacturer

1. The two systems of linear measure in use

68

of hand tools. Develop a complete description
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(kind, length, points per inch, etc.) for a
number of hand saws. Include current retail
prices for each. Note those that you would
select for a home workshop.

From a study of reference materials, develop
a list of saw file sizes to use when sharpening

saws ranging from 5 to 16 points per inch.
Prepare a wall chart which illustrates the
various types of saws and explains the pur-
pose of each.

Practice sharpening an old saw. Compare the
cutting action before and after sharpening.

Grading southern yellow pine boards in a modern sawmill. {Southern Forest Products Association)
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Hand tools, such as planes and saws, require skill and practice in order to produce parts to specified dimensions.
(Top. The Stanley Works. Bottom. American Plywood Assoc.)
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This chapter and several that follow, deal with hand
tool operations. They include basic skills that apply
to a wide range of construction problems. As you
gain experience in woodworking you will, of course,
want to take advantage of the efficiency and time
saving factors that power machines provide. If you
have a good understanding of the correct pro-
cedures in using hand tools, you will develop skills
in the use of the machines more rapidly.

As you undertake advanced projects involving the
use of power machines, you will find that the need
for hand tools continues to exist. The expert wood
crafter knows how to use both hand tools and
machine tools.

KINDS AND SIZES OF PLANES

The standard hand plane is used to make a wood
surface smooth and flat. Some of the common kinds
of planes are shown in Fig. 5-1. Three of the planes
are constructed in the same way and vary only in
size. The SMOOTH PLANE is 9 in. long with a 2 in.
cutter and is used on uneven surfaces and small
pieces. The FORE PLANE is 18 in. long with a 2 3/8
in. cutter. It is used to plane large surfaces, es-
pecially the edges of long boards. The JACK PLANE
is 14 in. long with a 2 in. cutter, and is a general
purpose plane that can be used for many planing
operations. While the sizes listed are the most com-
mon, other sizes are available. For example, the jack
plane is available in lengths from 11 1/2 to 15 in.,
with a cutter width of 1 3/4 to 2 1/4 in.

You should become thoroughly acquainted with
the standard plane, how it is assembled and ad-
justed. Study your plane. Refer to Fig. 5-2 to learn
the name of the parts and how they fit together.
To remove the plane iron (also called the cutter or
blade) raise the lever on the lever cap and remove.
The double plane iron (plane iron and plane iron cap)
can now be lifted from the plane. To disassemble
the double plane iron, loosen the cap screw, pull
the cap iron back from the plane iron edge, turn it
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Fig. 5-1. Planes and chisels. {The Stanley Works)

sideways, and slide it toward the edge until the cap
screw clears the hole in the plane iron.

SHARPENING PLANE IRONS

Sharpening a plane iron includes the operations
of honing (also called whetting) and grinding.
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PLANE IRON AND PLANE IRON CAP

KNOB

LATERAL ADJUSTING
LEVER

HANDLE

“y"” ADJUSTING
LEVER

ADJUSTING
NUT

MOUTH

PLANE BOTTOM

HEEL

Fig. 5-2. Parts of a plane. (The Stanley Works)

GRINDING is the shaping and forming of the cut-
ting edge and bevel. HONING involves working on
the tip of the cutting edge to make it sharp. A plane
iron that is in good condition can be honed a number
of times before it will require grinding.

Oilstones used for honing are either natural or
manufactured materials. One of the well-known
NATURAL oilstones is the Arkansas, which is white
to light grav in color and sometimes has darker
streaks showing in the surface. It is made of natural
novaculite stone, has a fine cutting surface and is
used as the ‘‘final touch’’ for a razor-sharp edge.
The ARTIFICIAL (manufactured) oilstones are made
from aluminum-oxide (reddish-brown color) and
silicon-carbide (dark gray colors). They are available
in a large variety of shapes and sizes and are grad-
ed as coarse, medium, and fine. Aluminum-oxide
stone is often referred to as an India oilstone.
Silicon-carbide stones are sold under such trade
names as Crestolon and Carborundum.

For HONING, apply a small amount of thin oil to
the face of a medium grade oilstone and place the
bevel of the plane iron flat on the surface. Now raise
the other end a few degrees so that just the cut-
ting edge rests on the stone. Maintain this angle and
move the plane iron forward and backward over the
entire surface as shown in Fig. 5-3A. Continue
these strokes until you can feel a fine wire edge
when you pull your finger out over the edge. This
fine wire edge should exist all the way across the
plane iron. Now turn the plane iron over, LAY IT

= MEDIUM
GRADE OILSTONE

MEDIUM
GRADE OILSTONE

FINE
GRADE OILSTONE

Fig. 5-3. Honing a plane iron. A—Honing beveled side until a

slight wire edge is formed. B—Plane iron turned over and honed

lightly while held flat on the stone. C —Final honing on a fine
oilstone.

72



Planing and Sawing

in. Now move the lateral adjustment lever from side
to side until the cutting edge is parallel to the bot-
tom of the plane. Turn the adjustment nut counter-
clockwise until the cutting edge is withdrawn below
the surface of the plane bottom. Place the plane on
the surface of the stock and turn the adjustment
nut clockwise until the plane edge just begins to cut.

PLANING A SURFACE

If you will look closely at lumber that has been
surfaced you will find there are very small ‘‘waves"’
(called mill marks) which were formed by the
rotating knives of a power planer. See Fig. 5-10.
These should be removed with a hand plane. It takes
a great amount of hand sanding to remove such
marks, and since they are slightly compressed into
the wood by the machine, there is a tendency for
them to reappear when finish is applied. Hand plan-
ing may also be used to remove warp and other
imperfections.

Plane the best face of the stock first. By examin-
ing the edge of the board try to determine the direc-
tion of the grain and clamp the stock in position so
you will be planing WITH the grain. Most stock can
be laid flat on a bench and clamped between a
bench stop and vise dog as shown in Fig. 5-11.

Place the plane on the stock and move it over the
surface, gradually turning the adjustment nut until
a fine shaving is cut. You may find that the plane
cuts in some spots and not in others. This indicates
high places in the surface. Continue to plane these
high spots until they disappear and the plane
takes’’ a shaving across the entire surface. Keep
the plane set for a very fine cut. THE SHAVINGS
SHOULD BE LIGHT AND FEATHERY. They should

Fig. 5-10. Top. Millmarks on stock surfaced with a power
planer. Bottom. The same surface after hand planing.
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seem to almost float when you drop a handful to
the floor. Try to produce a smooth, true surface with
as little planing as possible. Check the surface with
a rule as shown in Fig. 5-12.

Generally, it is considered best to plane the sur-
face of your stock while it is in one piece. If,
however, there is much warpage present, it may
be best to cut the stock into smaller pieces before

Fig. 5-12. Checking the surface. The rule or straightedge must
be placed diagonally across the stock to reveal twist (wind).

Take good care of your plane. In addi-
tion to sharpening the plane iron, keep
the knob, handle, and frog tightened.
Keep the plane clean by wiping it with
| a slightly oiled cloth. You may apply a
little paste wax to the bottom and sides
to reduce friction and also to protect
against rust.
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hand planing. Warped stock can be straightened by
planing across the grain or diagonally with the grain.

Turn the stock end over end and plane the other
side. Measure the stock at several points to deter-
mine finished thickness. A marking gauge can be
used for this. Or you may wish to lay out a thickness
measurement all the way around the edge as shown
in Fig. 5-13.

On some work, the hand surfacing operation
should be done later. If it is necessary to make edge
joints to secure the required width of stock, then
the hand surfacing operation should be left until
after these joints have been made.

Small thin pieces are hard to clamp and hold while
they are being planed. One trick is to hold them against
the vise dogs, Fig. 5-14.

PLANING AN EDGE

After both surfaces have been planed, clamp the
stock in the vise with the best edge up and the grain
running in the right direction. The reason the best
edge is planed first is that defects on the second
edge will likely be removed when the stock is re-
duced to the required width.

Start the cut with most of the pressure on the
plane knob and continue this pressure until the plane
is well supported by the stock. Finish the cut with
extra pressure on the plane handle. Fig. 5-15 shows
a jack plane being used. A smooth plane will also
work but may not produce as straight an edge.

In planing an edge, follow the same general
procedure as in planing a surface, Fig. 5-16. Con-
tinue to plane until you can produce one continuous
cut across the entire length of the board. Use the
try square to check the edge for squareness with
the face, Fig. 5-17.

From the finished edge, lay out the required width
and draw a line down the length of the stock. Turn-
ing the stock end over end from the position used
to plane the first edge should place the grain in the
right direction. Some woodworkers prefer to square
the ends to finished length before planing the
second edge.

For very accurate planing it is sometimes helpful
to hold the plane as shown in Fig. 5-18. The fingers
under the plane serve as a guide to hold it in align-
ment throughout the cut. This will result in the shav-
ing being cut by the same section of the plane iron.

Stock should always be held securely for plan-
ing operations. Fig. 5-19 shows some clamping
setups. A long strip cannot be held in the vise
because it will bend under the weight of the plane
and prevent accurate work. In the same figure, note

Fig. 5-14. Clamping thin pieces for planing. Keep the vise dog
below the surface of the stock so it will not damage the plane.

Fig. 5-15. Planing an edge.



Fig. 5-16. Try to produce a smooth, true edge with as little planing as possible.
(The Stanley Works)

Fig. 5-17. Checking the edge to see that it is square with
the face.

that the good face of the plywood panel is being
protected with a block of wood. Use care in hand-
ling stock that has been planed and smoothed so
you will not need to remove nicks, dents, and soiled
spots when you prepare your project for finish.
When the pieces of stock are very small it may
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Fig. 5-18. Guiding the toe of the plane with fingers held on
the plane bottom. Used for a fine and accurate cut.

be more practical to clamp or secure the tool and
move the wood. A setup for planing the edge of
small pieces of walnut is shown in Fig. 5-20. A
carefully made straightedge is glued to a piece of
flat stock. Then this unit and a jack plane are
clamped in the vise.

SQUARING STOCK TO LENGTH WITH BACKSAW

Lay out the position of the cut. Then mark a line
across the surface using a try square and sharp pen-
cil. Hold the handle of the try square against the
edge of the stock and draw the line along the blade.
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Fig. 5-19. Clamping methods. Left. A long strip needs the support of the bench top. Right. Large
panel supported with the vise and a hand screw.

Fig. 5-20. Special setup for planing small pieces. The jack plane
being used has a corrugated bottom, preferred by some
workers because they feel it reduces friction.

For precision work use a knife or sharp pencil, as
shown in Fig. 5-21.

The backsaw is used for making fine, accurate
cuts. It has teeth similar to the crosscut saw but
much finer (14 points). The blade is thin and rein-
forced with a heavy metal strip, Fig. 5-22.

When cutting with a backsaw, the stock is held
in a horizontal position, in a vise, on a bench hook,
or by other means. The saw cut is started in about
the same manner as a regular handsaw but at a
lower angle. After the cut is started, slowly lower
the handle as you continue sawing and follow the
cutting line across the surface of the stock. See Fig.
5-23. Use horizontal strokes to finish the cut.

For a precision cut with the backsaw, you may
want to use the procedure shown in Fig. 5-24. It
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Fig. 5-21. Precision layout. Top. Knife drawn along the blade
of a try square. Bottom. Sharp pencil drawn in the knife cut
to make it easier to see.

takes a little longer to set up, but since you are
assured of a square cut that will require little or no
planing, you may actually save time. An important
part of this setup is an accurate ‘’‘straightedge.”’
This is a straight piece of stock with faces and edges
perfectly square. Clamp the straightedge firmly
along the cutting line. Tighten the outside spindle
of the handscrew last since it provides the greatest
amount of leverage.

Place the blade of the backsaw against the
straightedge and start the cut. With the left hand,
apply pressure to the side of the saw so the blade
will be held snugly against the straightedge through-
out the cut. A block of wood can be held against
the blade as shown in Fig. 5-24A. The teeth of a
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Fig. 5-22. These backsaws may be used to make fine, accurate
cuts such as those required for joints. (Leichtung, Inc.)

CUTTING LINE

| / J

!
BENCH HOOK STOP

T =~ BENCH TOP

Fig. 6-23. A backsaw cut with the stock held on a bench hook.
The bench hook stop serves as a guide for the saw when
starting the cut.

backsaw are small and will not cut fast, so use long
steady strokes. Sawdust cut near the center of the
board must be moved to the edge of the stock,
before it can be cleared from the saw kerf. Short
strokes will not clear the sawdust. Instead it will
work up along the sides of the saw and cause the
blade to bind. Notice that the stock is clamped to
a scrap piece that protects the saw from the vise
and supports the wood fibers on the underside of
the cut.

From the squared end lay out the finished length.
Use the same procedure to cut off the second end.
Whenever possible, clamp the straightedge on the
stock so that the saw kerf will be on the ‘“waste’’
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Fig. 5-24. Using a straightedge to guide backsaw. A—Holding

saw against straightedge with block of wood. B—Completed

cut. C—Setting straightedge for a second cut. D—Making
second cut.

side of the line. If you cannot do this, you will need
to make an allowance for the width of the saw kerf.

PLANING END GRAIN

End grain is hard to plane. Although a jack plane
or smooth plane can be used, a BLOCK PLANE will
do the best work. The blade of the block plane is
positioned at a very low angle, with the BEVELED
SIDE TURNED UP. It is designed to be held in one
hand, leaving the other hand free to hold the work.

When planing end grain the cut should not con-
tinue over an edge or end unless the wood fibers
are supported as shown in Fig. 5-25. When the

Fig. 5-25. Planing end grain. The edge is supported with scrap
stock.
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board is wide, plane in from each edge, toward the
center. Always adjust the plane for a very light cut.

A good way to plane end grain is with a device
called a ‘‘shooting-board’’ as shown in Fig. 5-26.
It is constructed somewhat similar to a bench hook
with the addition of a guide for the plane bottom.
When using the shooting-board, the stock should
be held firmly against the stop and fed into the cut
after each stroke.

When planing the edge of plywood you will
always be cutting some end grain. The block plane
is a good tool to use for smoothing the edge of the
plywood. Refer to Fig. 5-27.

Fig. 5-26. Top. Block plane and shooting-board. Bottom.
Planing end grain.

STOP CLAMPED
IN VISE

Fig. 5-27. Using block plane to smooth edge of plywood.

SQUARING SMALL PIECES OF STOCK

Small pieces and parts are difficult to plane and
saw. They are hard to clamp and hold. Regular tools
seem large and “‘clumsy.’” A sawing jig that works
well is shown in Fig. 5-28. It clamps into the vise

Fig. 5-28. A—Sawing jig for small parts. B—Cutting a small
square block. C—Squaring-off piece of dowel. D—Cutting
dowel at an angle.
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Fig. 5-29. The miter box will produce very accurate cuts at angles up to 45 degrees.
(The Stanley Works)

and operates similar to a miter box. The DOVETAIL
SAW being used has fine teeth, a thin blade, and
makes a smooth and accurate cut.

When constructing the jig, square the main center
piece. Then cut it into parts with the miter box, Fig.
5-29. These pieces are carefully glued in place on
the baseboard, using spacers equal to the saw blade
thickness. Apply some paste wax to the slot to
make the saw run smoothly.

Jigs like-this are not hard to build and will help
you do better work in less time. Some jigs may be

specialized and designed to perform just one opera-
tion on a given part. They are used in mass produc-
tion, where many identical parts are made.

Sanding should usually not be started until all
edge tool operations are complete. Small parts,
however, can be squared easily and quickly on a
sanding board. They can be held perpendicular to
the surface with a straightedge or a sliding carrier,
Fig. 5-30. This carrier eliminates the tendency for
the part to tip over as it is moved along the
straightedge.

Fig. 5-30. Left. Squaring small parts on a sanding board using a sliding carrier. Right. View of the sliding carrier and finished pieces.
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TEST YOUR KNOWLEDGE, Chapter 5

Please do not write in the text. Place your
answers on a separate sheet.

1.
2.

3.

The smallest type of plane that uses a double
plane iron assembly is called plane.
The front end of the plane bottom is called
the .

To remove the double plane iron from the jack
plane you must first loosen and remove the

An oilstone that is reddish-brown in color is
made of a manufactured abrasive called

. Why is oil applied to the surface of the oilstone

when honing an edge?

. The bevel of a plane iron should be ground so

that the included angle is from to
_ degrees.

To increase the depth of cut of the jack plane
the adjusting nut is turned (clock-
wise, counterclockwise).

If the plane is not ‘‘taking’’ a shaving over the
entire surface then the depth of cut should be

increased. True or False?

. To align the plane iron edge with the plane bot-

10.

11.

12,

tom the adjustment lever is moved.
If the stock is to be edge-glued to form wider
widths, then the surfacing operation is per-
formed later. True or False?

The backsaw has ‘‘crosscut’’ shaped teeth
that are small and number about

points per inch.

The blade of the block plane sets at a low angle
with the beveled side turned

ACTIVITIES

Make a design sketch of a shooting-board that
can be adjusted to plane the ends of pieces
at 45, 60, and 90 degree angles.

Make a design sketch of a sawing jig that could
be used to cut 100 pieces exactly 2 in. long,
from strips of stock 3/4 in. square.

From the catalog of a supplier or manufacturer,
develop a list of the various kinds of oilstones.
Include a description of sizes, grades, mater-
jals, and current retail prices.

Visit a local hardware store and make a list of
the types of hand planes on display. Include
complete size description and current prices.

Left. Japanese ‘‘Kugihiki’’ flush-cutting saw. Right. Lower right. Half-round spokeshave. Upper right. Radius

spokeshave.
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Top left. Corrugated base plane, jointer plane, fore plane, jack plane, smoothing plane, and bench plane. Bottom
left. Plough and combination planes. Right. Rabbet planes (bench, duplex, and side). (Stanley Tools)

Top left. Router plane. Top right. Side rabbet plane. Bottom. Lower left. Deluxe primus smoothing plane. Upper
left. Deluxe primus jointer plane. Middie right. Long pattern primus jack plane. (Stanley Tools)
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Tools for boring and drilling holes. (The Stanley Works)
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BRACES AND AUGER BITS

In working with hand tools, holes larger than one
quarter inch in diameter are bored with auger bits,
Forstner bits, and expansion bits. These tools are
mounted in a brace that holds them in position and
provides the leverage to turn the bits into the wood.
Holes 1/4 in. and smaller are usually drilled with a
hand drill.

The parts of a standard ratchet brace are shown
in Fig. 6-1. The shell and jaws form a chuck that
is designed to hold the square shank of the various
bits. The size of the brace is determined by its
sweep. SWEEP is the diameter of the circle the han-
dle forms as it is turned. Braces are available in sizes
from 8 to 14 in. A good size for the school shop
is 8 or 10 in. Most braces are equipped with a
RATCHET. This permits boring in a corner even
though a full revolution of the handle cannot be
made. In heavy boring, the ratchet is helpful since
the handle can be positioned for the greatest
amount of leverage.

The brace requires little maintenance other than
a few drops of fine oil on the threads of the chuck,

RATCHET

L HANDLE

Fig. 6-1. Parts of a standard ratchet brace. {(Millers Falls Co.)

and on the ratchet, handle, and head bearing from
time to time.

Auger bits will vary in the shape and design of
the twist, but all of them will have about the same
parts as shown in Fig. 6-2. The FEED SCREW
centers the bit and draws it into the wood. The pitch
of the feed screw determines the rate of feed. Bits
are available for fast, medium, and slow boring. The
SPURS (also called nibs) score the perimeter of the
hole as the LIPS (also called cutters) cut the shav-
ings from the inside. After the shavings are cut, the
TWIST moves them out of the hole.

The size (diameter) of standard bits range from
3/16in. to as large as 2 in. The more common sizes
are from 1/4 to 1 in. The size is stamped on the
tang in sixteenths of an inch so that a 1/2 in. bit
would carry a No. 8 (for 8/16 or 1/2 in.). For a 3/4
in. hole a No. 12 would be used. The length of auger
bits range from 7 to 10 in., with the exception of
dowel bits that are about 5 1/2 in.

SHARPENING AN AUGER BIT

Sharpening an auger bit requires considerable skill
and careful work. Check with your instructor before
attempting this operation.

A special auger bit file is available for sharpen-
ing auger bits. However, other small, fine files can
be used. Sharpen the lips or cutters first by strok-
ing upward through the throat as shown in Fig. 6-3.

/ TANG
T

Z SIZE NO. HERE

TWIST/

Fig. 6-2. Parts of a solid center type auger bit.

SHANK LIP

THR:-ATA{\J!QJ]

SPUR
FEED SCREW
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Fig. 6-3. Left. Filing the cutting lip. Right. Filing the spur. Try
to maintain original bevel and do not file the outside.

Use medium pressure. Stop as soon as the cutters
are sharp. Try to maintain the original bevel. Do not
file the underside (side next to the screw). Turn the
bit over, rest it on the edge of the bench and file
the INSIDE OF THE SPURS. Try to keep the bit
balanced by filing the same amount on each side.

LAYOUT AND MARKING

Holes are usually bored and drilled after the stock
has been surfaced and squared to finished size.
Study your working drawings. Then with a rule,
square, and sharp pencil, lay out the centerlines that
will locate the exact position of the holes. See Fig.
6-4. Draw these lines lightly, so that those remain-
ing after the holes are bored can be easily erased.
Use a scratch awl to punch a hole where the
centerlines intersect. This hole will make it easy to
start the feed screw of the bit in the correct location.

BORING

The stock should be securely held, either in the
vise, or clamped to the bench. If the hole is to be
bored all the way through, firmly clamp the stock

to a piece of waste stock. This will support the
wood around the edges of the hole when the bit
cuts through the opposite side. The waste stock
also provides material for the feed screw to enter
and “‘pull’”’ the bit through to complete the hole.

Select the correct size bit and insert it well into
the chuck of the brace, with the corners of the tang
held in the V of the jaws. Tighten the jaws on the
bit by holding the chuck shell and turning the brace,
as shown in Fig. 6-5.

Guide the bit with your left hand and set it into
the hole marked with the awl. Turn the brace

The edges of auger bits will stay sharp
a long time if handled carefully. When
not in use, keep them in special boxes
or holders, or in fabric rolls. They will
stay bright and shiry if you wipe them
with a cloth lightly saturated with oil.

Fig. 6-5. Tightening the chuck of the brace by holding the shell
and turning the handle.

Fig. 6-4. Left.
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Laying out centerlines to locate the position of holes. Right. Making a hole for the feed screw of the bit.
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clockwise and keep the bit perpendicular to the sur-
face of the stock. Have another student help you
“sight’’ this angle. Or you may keep the bit aligned
with try squares as shown in Fig. 6-6.

It is usually easier to keep the bit perpendicular
to the surface when boring in a vertical position,
but on large holes you may not be able to exert
enough pressure. This is especially true when bor-
ing holes into the end of stock because the feed
screw will not “’hold’’ in the end grain. You will need
to apply extra pressure.

If it is not convenient to back up the work with
waste stock the hole should be bored from both
sides. Bore from one side until the feed screw just
begins to come through, then reverse the stock and
complete the hole as shown in Fig. 6-7. When bor-
ing a deep hole, withdraw the bit several times to
cool it and clear the shavings. Lay out and bore the
hole half way in from each end when boring lamp
stems and similar pieces.

Use extra care when starting a hole in plywood Fig. 6-7. Top. Boring from the front side until the feed screw

or you may splinter the veneer around the edge of just starts to come through the back surface. Bottom. Stock
the hole. Start the feed screw and turn the bit until is reversed and the holes finished from back surface. {A double

the spurs just begin to score the outside of the hole. twist type of bit is being used.)
Turn the bit about a half turn backward, and then
forward, several times until the surface veneer is
completely cut, before continuing to bore the hole.
When boring a large hole in a small piece, especial-
ly near the end, you can help prevent splitting by
applying pressure to the sides with a hand screw.
Refer to Fig. 6-8.

Fig. 6-8. Clamping the sides of a narrow piece to help prevent
splitting.

BORING TO SPECIFIED DEPTH

There are several patented bit gauges available
that will control the depth of the bored hole. They
are usually clamped to the twist or shank of the bit
and adjusted to provide the required depth. One
type of gauge is shown in Fig. 6-9.

You can make a simple depth gauge by boring
through a block of wood, cutting it to length and
then slipping it over the bit so the bit extends an
Fig. .6—6. Bor.ing a hole in a vertical position using try squares an?:unt ﬁqua! to tl}e hc;:el defﬂ;) required. ‘
to align the bit. Note the waste stock under the work. Be careful you have just a tew holes to bore, you can wrap

not to bore on through the waste stock and into the vise or a Sma_“ strip of m_asking.tape around the twist at
bench. a position that will provide the required depth.
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Fig. 6-9. A bit gauge is used to control the depth of the hole.
This one is a spring type that will not mar the surface.
(The Stanley Works)

DOWELING JIGS

Doweling jigs are specially designed for making
dowel joints. However, they can also be used to in-
sure straight holes in edges and ends of pieces.

Two types of jigs are shown in Figs. 6-10 and
6-11. The Universal doweling set {Fig. 6-10) is used
to bore accurate dowel holes for edge-to-edge, T-
butt, or corner joints without measuring. The self-
aligning clamps accept stock 1/2’" to 1"’ thick and
drills of 1/4°", 6/16’’, and 3/8’’. The other dowel-
ing jig (Fig. 6-11) has a center guide block that
always remains centered between the two outside
jaws. Holes 1/2 in. and under can be bored with
this jig.

Fig. 6-10. The Universal doweling set may be used to bore
accurate dowel holes for edge-to-edge, T-butt, or corner joints
without measuring. The clamps are self-aligning.
{(Woodcraft Supply Corporation)
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Fig. 6-11. Doweling jig with a self-centering guide block.
(Leichtung, Inc.)

COUNTERBORING

Sometimes it is necessary to have a hole of two
different diameters. For example, you might want
to place a screw or bolt head below the surface of
the work. First bore the hole for the head to the re-
quired depth and then make the hole that will match
the shank of the bolt or screw. See Fig. 6-12. It is
important that you bore the holes in this order. if
the small hole is bored first there will be no way
to center the larger bit.

BORING HOLES AT AN ANGLE

To bore a hole at an angle, set a T-bevel square
at the required angle (use a protractor or the miter
gauge of a table saw). Place it on the surface to be
bored. Start the feed screw in the marked hole with
the bit vertical, then tilt it to the required angle. Bring

Fig. 6-12. Counterboring. Left. Position marked. Center. Large
hole bored. Right. Smaller hole bored.
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the blade of the T-bevel close to the bit and use it
to align the hole as shown in Fig. 6-13.

When a number of holes must be bored at the
same angle, you can do more accurate work by
making a boring jig. There are many ways to make
such a jig; the design and procedure will vary de-
pending on the requirements of the work. Fig. 6-14
shows a jig that was designed to make a series of
closely spaced holes on a wide board. Instead of
boring the hole at an angle in the jig block, the hole
was first bored square to the edge then the block
was cut at the required angle.

USING AN EXPANSIVE BIT

An expansive bit is used to bore holes from about
7/8 to 3 inches in diameter. It has adjustable cut-
ters (usually two).

Adjust the cutter so the distance from the spur
to the feed screw is equal to the radius of the hole.
Some bits have a scale that will help you make this
setting. After the setting is made lock the cutter
securely. Start a test hole in a scrap block, check-
ing the size before using it on your project.

In using an expansive bit to bore all the way
through the stock, it is best to back up the work
with a scrap piece as shown in Fig. 6-15. Large
holes will require lots of “‘power,’’ so it is advisable
to use a large brace (10-12 in.) to give you the extra
leverage that is needed.

USING A FORSTNER BIT

A Forstner bit does not have a feed screw. It is
used for boring holes that go only part way through

Fig. 6-14. Making and using a boring jig. Top. Laying out

required angles. Center. Boring a perfectly straight hole.

Bottom. Using the jig after it has been cut out. Note how it
is aligned with the centerlines.

&
o ANEND
=t (o -

Fig. 6-13. Boring a hole at an angle. Fig. 6-15. Boring a large hole with an expansive bit.

89



Modern Woodworking

the stock and require a smooth flat bottom. It can
be used to enlarge holes or bore holes in thin stock
where the feed screw of a regular bit might cause
the stock to split. A sharp Forstner bit works well
for end grain boring. These bits are available in the
same range of sizes as standard bits, Fig. 6-16.

Locate the position of holes to be bored with a
Forstner bit by drawing a circle or square the size
of the bit. Another method that works well is shown
in Fig. 6-17. The hole is started with a standard bit
and then completed with a Forstner bit.

DRILLING HOLES

As mentioned before, holes 1/4 in. and smaller
are usually drilled with a hand drill, using straight
shank drills, Fig. 6-18. Study the parts of the stan-
dard model shown in Fig. 6-19. Apply a few drops
of fine oil on the bearings of the gear and pinions
when they need lubrication.

The size of a hand drill is determined by the
capacity of its chuck. The most common size is 1/4
in.: a 3/8 in. size is also available. Twist drills are
made in a wide range of sizes. A good set for use
in the hand drill should range from 1/16 to 1/4 in.
by thirty-seconds or sixty-fourths.

In drilling holes, use the same procedure as sug-
gested for boring holes. It is important that the hole

Fig. 6-17. Boring with a Forstner bit. Left. Standard layout
procedure. Center. Score the hole with an auger bit. Right.
Complete the hole with a Forstner bit.

be started with an awl since the twist drill has a
blunt point. Place a twist drill all the way into the
drill chuck and tighten the jaws. Open and close the
jaws by holding the chuck and turning the crank.

Hold the handle in one hand and keep the drill
perpendicular to the surface, while turning the crank
with your other hand. Small drills will break if you

Fig. 6-16. Forstner bits produce a smooth, flat-bottomed hole. {Leichtung, Inc.)
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do not work carefully. Continue to turn the drill while pulling it out of the

Since there is no feed screw on a drill bit, you will hole. If the hole is deep, pull the drill out several
control the feed by the pressure you apply. The times to clear the cuttings. Remove the drill from
amount of pressure to apply varies with the size of the chuck as soon as you have finished using it.

bit and the kind of wood. Drill to the required depth.
AUTOMATIC DRILLS

Automatic drills (also called push drills) are
designed to drill small holes rapidly. When the
handle is pushed down the drill revolves. A spring
inside the handle forces it back to its original posi-
tion when pressure is released. Automatic drills use
a fluted bit (drill point) that fits into a special chuck.
Sizes range from 1/16 to about 3/16 in. Carpenters
often use this type of drill to make holes for nails
and screws. The main advantage of the automatic
drill is that it can be operated with one hand as
shown in Fig. 6-20.

Fig. 6-18. A hand drill is useful for drilling small holes.
(The Stanley Works)

CRANK AND HANDLE HANDLE

SPEED GEAR

IDLER PINION

CHUCK DETACHABLE SIDE HANDLE

Fig. 6-19. Parts of a hand drill. Fig. 6-20. Using an automatic drill to install & hinge.

91



Modern Woodworking

CORDLESS DRILLS

Cordless drills have become very popular because
of their obvious advantages. New models have
largely overcome the shortcomings of earlier
designs—they were underpowered, the battery
charge didn’t last very long, and they took a long
time to recharge. Over the years, the standard
voltage increased from 7.2 volts to over 14 volts.
At the same time, batteries improved and charging
times decreased. These new tools, Fig. 6-21, can
hold a charge for steady drilling for 30 minutes to
almost an hour before recharging is required.
Recharging takes from 10 minutes to 1 hour on
most models. However, cordless drills are expen-
sive when compared to a cord-type drill.

Fig. 6-21. New cordless drills have become very popular for
anyone working with wood. Many styles are available.
(Makita U.S.A., Inc. and Black & Decker)

TEST YOUR KNOWLEDGE, Chapter 6

Please do not write in the text. Place your
answers on a separate sheet of paper.
1. A brace that is equipped with a can
be used to bore holes even though a complete
revolution of the handle cannot be made.
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. The ___

of the auger bit score the peri-
meter of the hole.

. The number size of the auger bit is stamped

on the .

. What size hole will be bored by the following

bits?

a. No. 4.
b. No. 7.
c. No. 14.

. The feed screw of the bit is easily started if

a___ ~ has been used to mark
the center of the hole.

. The threads in the chuck of the brace are

____[{right, left) handed.
End grain is usually easier to bore than side
grain. True or False?
When making a counterbored hole the
(largest, smallest) hole is bored first.

. A boring tool that can be adjusted to make

various sized holes is called an _______ bit.

. The size of a hand drill is determined by the

size of its . .

A bitdoes not have a feed screw. It
is used for boring holes that go only part way
through the stock and require a smooth flat
bottom.

ACTIVITIES

Make a list of the boring and drilling hand tools
useful in a home workshop. Include the size,
description, and cost for each item. Refer to
suppliers’ and manufacturers’ catalogs for
information.

Develop both a presentation sketch and a
working drawing of a tool holder for a com-
plete set of standard auger bits. Design the
holder so that it can be mounted on a vertical
tool panel. A good tool holder will have many
of the following features:

a. Holds the tool securely.

b. Holds the tool in correct position.

c. Protects the tool from damage.

d. Protects the worker from injury.

e. Includes name and size.

f. Is easily cleaned and maintained.

g. lIs attractive in appearance.



There are many kinds of wood joints used in
building construction, cabinetmaking, and pattern-
making. Some wood joints are simple and easily
recognized; others are complicated, being a com-
bination of several of the basic types.

Although many new and efficient metal fasteners
have been designed, most fine furniture and
cabinetwork is still assembled with glue. The
strength of glued joints depends to a large extent
on the contact area (the surface of one piece
touching the other piece) and the quality of the fit.
Some joints have interlocking features that may
minimize the importance of the adhesive. Manufac-
turers of wood products often develop interiocking
joints, held together with metal fasteners, that
permit the article to be easily disassembled and
reassembled. Such a feature helps to reduce storage
space and simplify shipping problems.

When selecting wood joints for a project, give
consideration to the strength, appearance, and dif-
ficulty of fabrication. This selection must also be
based on the kind of wood you will use and the
direction of the grain in the parts. In some projects,
strength will be of primary importance. In others,
appearance must be the major concern. For exam-
ple, when building a tote tray for carpentry tools
the strength of the corner joints is of primary im-
portance. When building a silverware tray or chest,
appearance is of greater importance. Desirable ap-
pearance does not necessarily mean the joint must
be invisible. Carefully proportioned and fitted visi-
ble joints often add to the character and attrac-
tiveness of the design. A good rule to follow is to
select the simplest joint that will satisfy the needs
of the construction.

The pieces to be joined should first be cut and
squared to size. For some joints you will need to
allow extra stock to form the joint. Lay out the cuts
carefully, using a sharp pencil or knife. When possi-
ble, it is good practice to mark one piece by holding
the mating piece against it and in the correct posi-
tion. Lay out all similar joints at one time. Usually

this is done by clamping identical pieces together.
Identify the members of each joint with a number
or letter so that they can be easily matched during
assembly.

In this chapter illustrations and instructions are
given for making common joints with hand tools.
See Fig. 7-1. Design, layout, and general pro-
cedures, however, will be about the same when
using power equipment.

Fig. 7-1. Layout tools for woodworking. (The Stanley Works)



Modern Woodworking

BUTT AND EDGE JOINTS

A butt joint is easy to make but not as strong as
many other joints. It is used extensively in house
framing where overlays of additional material add
to its strength. Simple boxes and frames are made
with butt joints reinforced with nails, screws, and
other metal fasteners. When the butt joint is rein-
forced with dowels, it is usually referred to as a
dowel joint. Fig. 7-2 shows some typical butt joints.
These are formed when the square end of one piece
fits against the surface or edge of another piece.

The edge joint has many applications in building
construction. In cabinetwork it is used to join nar-
row widths to form wider widths for table or desk
tops, and other parts. There are many adaptations
of the edge joint, Fig. 7-2.

BUTT ON
EDGE

DOWELED EDGE

RABBETED EDGE,
OR EDGE LAP

TONGUE AND
GROOVE

SPLINED
EDGE

Fig. 7-2. Butt and edge joints.
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Fig. 7-3. Making an edge joint. Left. Selecting the position of
the stock and marking. Right. Planing the joint. Note how the
toe of the plane is guided along the edge of stock.

The edge joint holds securely with glue and will
be strong enough for most of your work if it is
carefully made. A large piece, such as a table leaf,
that will not be held by a frame or otherwise sup-
ported, should be reinforced with dowels or splines.
Splines provide the greatest strength when they are
cut with the grain across the joint. Dowels do not
add a great amount of strength to the edge joint but
help align the pieces when they are glued together.

To make a plain edge joint, position the pieces
to be joined so the grain is matched and runs in the
same direction. The annular rings should be reversed
in every other piece as shown in Fig. 7-3. After the
correct arrangement has been determined, make
reference marks on the top surface at each joint.

Clamp two adjacent pieces together in the vise
with the top surfaces turned to the outside, Fig. 7-4.
Plane the edges until you are able to take a light,
thin shaving along the entire length. Apply extra
pressure to the toe of the plane at the beginning of
the cut and extra pressure to the heel as the cut
is finished. Remove the pieces from the vise and
place them together to check the fit. Slight varia-
tions in the joint can now be corrected by planing
each piece separately. Instructions for gluing edge
joints are included in Chapter 17.

FACE

FACE

FACE

Fig. 7-4. How to clamp stock when planing an edge joint. This
must be done carefully, since an error in the angle will result
in a poor fit.
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To install dowels in the edge joint, again clamp
the pieces in the vise with the top surfaces outside,
ends and edges even. Square lines across the edge
where each dowel will be located, Fig. 7-5, top.
Dowels should be spaced about 4 to 6 in. apart.
A marking gauge is used to locate the center of each
hole, from the top surface of each piece. If a dowel-
ing jig is used, this layout is not necessary.

Boring the holes with a doweling jig, in Fig. 7-5,
bottom, saves time and insures accurate work.
Mount a bit guide of the correct diameter in the jig.
Position the carrier so the guide is located in the
center of the stock. Place a depth gauge on the bit
to provide a hole 1/16 in. deeper than half the dowel
length. The dowels should enter each piece of wood
a distance equal to about two and one-half times
their diameter. The diameter of the dowels should
be equal to one-half the thickness of the stock.

Line up the jig with the layout mark, clamp it
securely, and bore the hole. Turn the jig around so
the fence is on the other side, align it with the mark,
and bore the matching hole. Follow the same pro-
cedure and bore all the other holes before remov-
ing the pieces from the vise. Make a trial assembly
of the joint before gluing it together.

The edges of flooring and siding are joined with
a tongue and groove or lap joint. In production
woodwork, edges that will be glued together are
often cut with a multiple tongue and groove.

Fig. 7-5. Installing dowels in an edge joint. Top. Making the
layout. Bottom. Boring the holes with a doweling jig.
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DADOS AND GROOVES

A dado joint is a rectangular recess, which is cut
in the wood and runs across the wood grain. A
groove is the same type of cut but runs along the
grain. Both the dado and groove, Fig. 7-8, are usual-
ly cut to a depth equal to one-half the thickness of
the stock. In some construction it should be less,
especially when working with veneer core plywood
or particle board.

The dado joint is used for such jobs as installing
shelves, frames, and partitions in bookcases,
chests, and cabinets. When carefully fitted and
glued it makes a very strong joint. When dados are
used to carry shelves or similar parts, the uprights
should be clamped together and the position of the
joints laid out along the edge, as shown in Fig. 7-7,
top. Lines are then drawn across the surface, Fig.
7-7, bottom.

You can do a precision job of cutting a dado by
following the procedure shown in Fig. 7-8. Clamp

BLIND DADO

DADO-RABBET

- 3/4 ==

Spoe e
WORKING DRAWING

DETAIL OF A DADO-
l RABBET JOINT

GROOVE

314-

-

Fig. 7-6. Dado joints and grooves.



Modern Woodworking

7 5 ."]‘W'F’,’
farebsnidirelinddig

et 1

-

Fig. 7-7. Laying out a dado joint. Top. On the edge. Bottom.
Extending line across the face.

a straightedge along one of the lines so that the kerf
will be on the waste side. Then make a cut to the
proper depth with a backsaw. Move the straight-
edge to the other line and clamp it lightly. Place the
part that will fit into the dado (mating part) against
the straightedge and align its surface with the out-
side edge of the first saw cut. IF YOU MAKE THIS
ADJUSTMENT CAREFULLY YOU WILL SECURE A
PERFECT FIT. Clamp the straightedge securely,
remove the mating part, and make the second cut.
When sawing wide boards, use long strokes. This
will insure that the sawdust that is cut in the center
of the piece will be carried to the edge and removed
from the saw kerf.

Fig. 7-9. Using a router plane to smooth the bottom of a dado
joint.

Use a chisel to remove the waste wood between
the saw kerfs. The straightedge should be left in
place, since it will serve as a guide for the chisel.
Rough cuts should be made with the bevel of the
chisel turned down or against the wood. For fine,
finished cuts this position is reversed.

The dado can be finished with router plane as
shown in Fig. 7-9. This will make the bottom of the
dado level and true. Cut in from each side toward
the center to prevent splitting the edges of the joint.

Grooves are used in drawer construction and
panel work. They are usually cut on power
machines but they can be cut by hand in about the
same way as dados. The marking gauge can be
used to lay out the groove and is especially helpful
when working with long pieces. Use a straightedge
to guide the saw when cutting the sides of the
groove. The panel or mating part will help to posi-
tion the straightedge for the second cut. Use a chisel
to remove the wood from between the saw kerfs.
A router plane can be used to finish the bottom of
the groove.

The final trimming and fitting of grooves and
dados can be done with a chisel. When making light
paring cuts, lay the chisel flat on the work with the
bevel turned out. If the joint is too tight, it is easier

Fig. 7-8. Cutting a dado joint. Left. Aligning the straightedge for the second cut. Center. Making the saw cut. Right. Removing
waste stock with a wood chisel. Cut in from each side.
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to plane off the thickness of the mating piece (not
recommended for plywood), than to enlarge the
width of the dado or groove.

RABBET JOINTS

The rabbet joint is made by cutting a recess in
one or both of the pieces to be joined, Fig. 7-10.
The recess may be cut on the end or along the edge.
Rabbet joints are easy to make and can be used for
the corners of simple boxes, cases, and drawers.
This joint is commonly used to install the back panel
in a cabinet. If the joint will be assembled with glue,
the depth of the shoulder cut should be equal to
two-thirds of the thickness of the stock. However,
when nails or screws are used, the depth is usually
reduced to one-half. Fig. 7-11 shows the layout of
a rabbet joint.

SHOULDER

A1k T Ry T s

RABBET RABBET
(ACROSS GRAIN) (WITH GRAIN)

END GRAIN

MINIMIZED

Fig. 7-10. Rabbet joints.

Fig. 7-11. Rabbet joint layout.

The end grain cut is difficult to make unless you
use a simple jig like the one in Fig. 7-12. The jig
is constructed by gluing a thin strip to a flat piece
of stock. The thickness of the stripe is determined
by the size of the joint.

Fig. 7-13 shows a rabbet joint being cut with the
aid of the jig and a straightedge. After the setup is
made, place the mating part in position to check the
accuracy. Be sure the clamp is tight. The cross grain
or shoulder cut is made by the same method used
to square stock to length, except that the cut does
not go all the way through. Hold the backsaw flat
on the jig when making the end grain cut. Any
irregularities in the saw cuts should be smoothed
before removing the stock from the jig.

When cutting a rabbet along the edge of stock
it is best to use the rabbet plane. This type plane,
shown in Fig. 7-14, has an adjustable fence and

o)

Fig. 7-13. Cutting a rabbet joint. A—Checking the straightedge

setting. B—Making the end grain cut after completing the cross

grain cut along the straightedge. C—Trimming the cut with a
wood chisel. D—Completed joint.
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Fig. 7-14. Bulinose rabbet plane. (Stanley Tools)

depth gauge. These control the width and depth of
the cut. The plane blade is sharpened the same way
as a regular plane iron.

After adjusting the fence and depth gauge, Fig.
7-15, set the blade for a fine cut. This is somewhat
difficult to do because the plane has no adjustment
screw or lateral adjustment lever. It is best to place
the plane bottom on a flat surface, set the blade in
position, and tighten the clamp.

Check the cut on a scrap piece of stock before
working on your project. You may need to adjust
the position of the blade several times before you
secure a satisfactory cut. Fig. 7-16 shows the plane
being used to cut a rabbet for a back panel. Fig.
7-17 shows an assembly made with both dado and
rabbet joints.

LAP JOINTS

In a lap joint an equal amount of wood is cut from
each piece so that when the pieces are assembled

Fig. 7-15. Adjusting the fence of the rabbet plane.

Fig. 7-17. An assembly made with dado and rabbet joints.

their surfaces are flush. There are several types of
lap joints, Fig. 7-18. The HALF-LAP is used to splice
two pieces of wood together, and the END-LAP is
used as the corner joint for a simple frame. The
CROSS-LAP is often used where the crossrails or
braces of a table or bench join together. It is also
used for grill work where parts running at different
angles must form a flat plane. The MIDDLE-LAP pro-
vides a method of joining a brace to crossrails or
midsections of a frame. The DOVETAIL LAP is made
of a wedge-shaped mating part that fits into a
matching kerf, Fig. 7-19.

Generally, the same procedure is used to lay out
all of the lap joints. Fig. 7-20, left, shows both parts
of a cross-lap placed side by side with their ends
even while a centerline and cutting lines are laid out.
The edges of each piece are laid out from the lines
on the faces. A marking gauge (set at one-half the
stock thickness) is used to mark the depth of the
cut. For accurate work, the two pieces should be
clamped together in the correct position and a knife
used to mark the cutting line. See Fig. 7-20, right.

Use the same methods for sawing and removing
waste stock as described for cutting rabbet and
dado joints. If the stock is very wide, it may be
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Fig. 7-23. Cutting the mortise. Top. Boring the mortise with
the aid of a doweling jig. Bottom. Trimming with a chisel.

for the layout in about the same manner as the legs.
See Fig. 7-24. Notice that a shoulder for the bot-
tom edge is not included, since it would have
reduced the width of the tenon too much to secure
the required strength.

Fig. 7-24. Laying out tenons. Top. Shoulder cuts. Bottom.
Using the mortise gauge to lay out cheek cuts.
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Fig. 7-25. Cutting the tenon. A—Using a sawing jig to make
the shoulder cut. B—Making the cheek cut. C—Trimming the
cheek with a chisel. D—Completed joint.

Make the SHOULDER CUTS first. These cuts are
made with the backsaw, using either a bench hook,
straightedge, or a sawing jig as shown in Fig.
7-25A. Make these cuts carefully and to the exact
depth required. If you cut too deep you will greatly
reduce the strength of the tenon. Because the
CHEEK CUTS are hard to make, you should use
some kind of a sawing guide or jig. The one used
in Fig. 7-25B is similar to the jig used for cutting
rabbet joints.

After all the joints are cut they should be trimmed
and fitted, Fig. 7-25C. This is usually done by work-
ing with each joint individually (selective fitting).
Mark each member of the joint with a number or
letter, so they can be easily and properly mated for
final assembly, Fig. 7-25D.

Be especially careful when making the
shoulder cuts on rabbets and tenons. If
you cut below the required depth you
will greatly reduce the strength of the
joint.

Mortises, especially those made by a machine,
can be square, rectangular, or rectangular with
rounded ends. A round mortise would simply be a
hole. Tenons can be of the same shapes as mor-
tises and also be round. The ROUND TENON is
distinguished from the dowel by the fact that it is
formed on the part and can therefore be much larger
and stronger than an inserted dowel. The round
tenon is used extensively in chair construction for
joining turned legs to seats and joining rungs and
legs. In industry, these round tenons are made on
a CHUCKING MACHINE. It consists of a hollow cut-
ter head, with knives on the inside surface that cut
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the shape quickly. Fig. 7-26 shows a procedure to
follow in forming a round tenon by hand. Round
tenons may also be made using a plug cutter. Refer
to Fig. 7-27.

DOWEL JOINTS

A carefully designed and fitted dowel joint is very
strong. It is easier to make than the mortise-and-
tenon. When carefully glued with one of the ex-
cellent adhesives now available, it can often be

Fig. 7-26. Top. Steps in making a round tenon. Bottom. For-
ming a round tenon with a wood file.

Fig. 7-27. A plug cutter may be used to make standard size
plugs and round tenons. {Leichtung, Inc.)

substituted for this joint.

Dowel joints are made in a wide variety of forms,
Fig. 7-28. Some butt and edge joints are reinforced
with dowels called DOWEL JOINTS. Dowels that
are used for woodwork are round pieces of birch
or maple, available either in the form of rods or pins.
Dowel rods usually come in 3 ft. lengths in a
diameter range of 1/8 in. to more than 1 in. Dowel
pins are small pieces that are spiral grooved with
rounded ends and ready to use. These are available
in several sizes. The spiral groove permits air and
excess glue to escape when the dowel pin is in-
serted into a hole during the gluing operation.

Use good judgment in spacing the dowels in a
joint. Along an edge they may be 4 to 6 in. apart
while in leg and rail assemblies, 3/8 in. dowels might
be placed as close as 3/4 in. on center (OC). The
diameter of the dowel should equal about one-half
the thickness of the smallest member of the joint.
The dowel should enter each piece of wood a
distance equal to two and one-half times it diameter.
The depth of the hole will need to provide from 1/16
to 1/8 in. clearance.

The layout of a dowel joint for leg and rail con-
struction can be done in about the same manner as
the mortises previously described. When possible,
clamp the mating parts together so the centerlines
for the holes can be laid out at one time. Dowel
centers, as shown in Fig. 7-29, may be used to
locate exact positions of the dowels in the mating
parts. Instead of dowel centers you may use small
brads. After making the layout on one part, drive
small brads into the center points. Cut off the heads
of the brads, align the pieces, and press them firmly
together. This will mark the center points in the
other piece.

FRAME
CORNER

LEG AND RAIL

Fig. 7-28. Dowel joints.
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Fig. 7-29. Dowel centers.

Patented doweling jigs such as the one shown in
Fig. 7-30 will save layout time and help you do ac-
curate work. If you have a number of similar joints
to make, you may want to make a jig somewhat
like the one shown in Fig. 7-31. The parts do not
need to be laid out. They are simply clamped in place
and bored. A piece of hardboard is clamped under
the rail to provide a 1/8 in. setback. The leg is
clamped first on one side and then the other side.
Fig. 7-32 shows a stool base assembled with
dowels. Included in the view is the jig used to bore
all the holes in the legs and rails.

MITER JOINTS

The miter joint is formed by cutting an equal angle
(usually 45 deg.) on each of the mating parts. In
this type of joint there is no end grain visible. The
plain miter joint does not have much strength and
is often reinforced with wood splines, dowels, or
metal fasteners.

The miter joint is used for picture frames and also
for moldings on all kinds of furniture and cabinet-
work. It is often selected for corner joints of boxes,
cases, and cabinets. In house construction, it is
used extensively for door and window casings and
other interior and exterior trim members. Fig. 7-33
shows a plain miter joint and some of the ways it
can be cut and reinforced to provide added strength.
Fig. 7-34 shows two variations of feathered miter
joints. Metal fasteners for miter joints are included
in Chapter 8.

A plain miter joint can easily be cut with hand
tools. The stock should be surfaced and planed to
finished thickness and width. Lay out the length to
the outside corner of the miter. When making a
frame, always be sure to use the outside measure-
ments. Use a combination square to lay out the 45
degree angle or, if the piece is wide or the angle is
different, use a T-bevel square. Fig. 7-35 shows
two methods of setting the T-bevel. Fig. 7-36
shows the T-bevel square being used to mark the
angle.

Fig. 7-30. The edge-to-edge dowel jig enables up to four dowel holes to be drilled without moving the jig, achieving

a high degree of accuracy.
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FEATHER

MITERED END-LAP

SPLINE

- SPLINE
GLUE BLOCK LOCK

CORNER JOINTS

Fig. 7-33. Miter joints.

Fig. 7-31. Making a dowel joint with a jig. A—Doweling jig.
B—Boring the rail. C—Boring the leg. D—Completed joint.

Fig. 7-32. Stool base assembled with dowel joint. Note the
boring jig. Fig. 7-34. Feather type miter joints.
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Fig. 7-35. Setting the T-bevel square. Top. With the framing
square. Bottom. Using the miter gauge of a table saw.

The cut can be made with a backsaw and
straightedge in about the same way as squaring
stock to length. Fig. 7-37 shows the straightedge
being accurately set. Wood is slightly more difficult
to cut at an angle with the grain; give extra atten-
tion to keeping the saw blade firmly against the
straightedge during the cut. Use long, full strokes
and slowly feed the saw into the cut.

The miter box shown in Fig. 7-38 is designed
especially for cutting angles. Swing the saw car-
rier to the required angle and hold the stock firmly
on the bed and against the back. For accurate work,
the stock should be clamped in position, either with
a hand screw or special clamps provided on some
miter boxes. Use long steady strokes while mak-
ing the cut. The weight of the saw will be sufficient
to feed it into the work. On small pieces it may be
necessary to “‘hold up’’ on the saw so it will not
cut too fast. To cut the miter on the other end of
a piece that will be used in a frame, the carrier is
moved to the opposite side.

After the miter joint is cut, hold the two pieces
together against the inside or outside edge of a
square to check the fit. If slight adjustments need
to be made, this can be done by taking a few light
cuts with the block plane.

Fig. 7-36. Using the T-bevel square to mark a miter cut. {The Stanley Works)
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Fig. 7-38. Using the miter box to cut an angle.

Fig. 7-39 shows a WOOD TRIMMER being used
to make a finished cut on a miter joint. This tool is
often used by the carpenter for inside trim work.
The patternmaker also uses it for fine, accurate cut-
ting of end grain and various angle cuts. It consists
of a table, guides, and a knife carriage, and is
operated with a hand lever. The guides are ad-
justable so the stock can be securely held for the
desired angle of cut. The wood trimmer is designed
to make light shearing cuts so it is best to first rough
out the angle with a saw. Generally, cuts of 1/16
to 1/8 in. can be easily made in softwood. Use finer
cuts for hardwood. The knives are sharp and
therefore should always be kept covered with a
wooden guard block when not in use, to protect the
edge and the worker.

The finished miter cut can also be modified using
a disk sander with a miter gauge, Fig. 7-40.

DOVETAIL AND BOX JOINTS

The dovetail joint is used in high quality furniture
for drawer construction and other corner joints, Fig.
7-41. In furniture factories it is easily cut with
specialized machines and can be rapidly assembled
without the use of clamping devices. The multiple
pin joint is difficult to cut with hand tools; in the

Fig. 7-39. Using a wood trimmer to finish a miter cut. Top.
View showing table and guides. (Woodcraft Supply Corpora-
tion) Bottom. Shearing cut 1/16 in. thick.

Fig. 7-40. The miter gauge may be used with a disk sander
to modify or smooth a miter cut. (Foley-Belsaw Co.}
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Fig. 7-41. Pins and tails of almost any thickness can be joined
with the dovetail joint. {Leigh Industries, Ltd.)

Fig. 7-42. Top. The guide finger spacing on this jig is infinitely
variable. The tail boards are routed first. Bottom. The finger
assembly may be rotated after routing the tail boards to the
pin made to assure a perfect fit. (Leigh Industries, Ltd.)
school shop it is usually made with a router and
dovetailing fixture, Fig. 7-42.
*  Several other forms of a dovetail joint are shown
in Fig. 7-43. Joints like the THROUGH DOVETAIL
and the LAP DOVETAIL are excellent joints for some
structures and can be made with hand tools. Their

interlocking feature makes them strong and easy .'ﬂ, \/3

to assemble. They are an excellent solution for a '

rack or stand that could be easily assembled and .

held together with metal fasteners and then dis- -
LAP

assembled when not in use.

The box joint is strong and also easily assembled. DOVETAIL HALF-BLIND
DOVETAIL

It is often used in making high quality wooden ship-
ping boxes. Like the multiple pin dovetail, it is hard }<-7’\ 10 DEG.
to cut by hand. In Chapter 12 you will find an ex- (APPROX.)
planation of how it is cut on the table saw. : Q“ 6—-1—f

Fig. 7-44 shows a pair of sawing jigs used to cut ﬂ 5+ |
a simple two-tail joint. The ‘‘tail’’ part is clamped 4t

in position and two cuts made. It is then reversed

3

for the other pair of cuts. After the end grain cuts 1
are made in each piece, waste stock is removed _

. . . i . THROUGH 14
with a coping saw and chisel. The jigs must be laid DOVETAIL
out accurately. It will take time and careful work o
to produce the joints. This time and effort is justified ( ] DOVETAIL
if you are building a fancy jewelry chest of such ANGLE

woods as Teak, Rosewood, or Prima Vera.

PLATE JOINERY

L

Plate joinery enables the woodworker to make

fast, strong, and accurate joints. The joint is made J%?,\),(T

with “‘biscuits,”’ ‘‘wafers,’” or “plates’’ that are in- D%\ZEJ(’;\”-
serted into slots cut by a PLATE JOINING
MACHINE, Fig. 7-45. The plate joining system can Fig. 7-43. Dovetail and box joints
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Fig. 7-44. Top. Jigs for cutting dovetail joints. Bottom
Completed joint.

ADE CONCEALED
WITHIN BASE

Fig. 7-45. Parts of a plate joiner. (Lamello AG)

be used for many applications, including, carcass
shelves and divider frames (Fig. 7-46), and mitered
frames. Plate joinery may be used in solid wood,
plywood, and particle board.

A plate joint is similar to a splined joint. Special,
compressed, die-cut football-shape wafers are in-
serted into 5/32 in. wide slots or kerfs cut into the
pieces to be joined. The kerfs are cut with a plate
joiner by plunging its carbide-tip saw blade into the
workpiece.

PLATE JOINERS

A PLATE JOINER is a portable power tool. Refer
back to Fig. 7-45. It has a circular saw blade, motor
and housing, base, fence, and handle. On most

Fig. 7-46. Plate joinery may be used in the place of dowel or

dado joints. (DeWalt)

machines, the blade, arbor, and motor are mounted
on a moving carriage that rides in the machine’s
baseplate. Pushing on the plate joiner's handle
plunges the blade through the faceplate and into the
workpiece. After a cut is made, a compressed spring
causes the blade to retract behind the faceplate.
While plate joiners are safe to operate, they are very
loud and ear protection should be worn.

Workpieces should be securely clamped to pre-
vent an accident that could result in an injury or
ruined part or component. Goggles or a face mask
should be worn during operation since dust and
chips will be created. Keep your face away from the
machine’s dust chute.

Most plate joiners have adjustable (and
removable) fences that are mounted on the
machine’s faceplate. The fence orientation and ad-
justment determines both the angle of the machine
(cutter) and the placement of the slot on the edge
of the stock. A track or guide keeps the fence parallel
to the blade while the height is adjusted so the slots
will be parallel. Most fences are reversible to cut
slots on 45 degree edges.

PLATES

The PLATES used in plate joinery, Fig. 7-47, are
made of compressed beech or other materials and
are available in three sizes:

1. #0 16 x 47mm
2. #10 20 x 52mm
3. #20 24 x 58mm
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Fig. 7-47. Typical biscuits used in plate joinery.
{Lamello AG)

Each size plate requires a slot with different depth
and length. All require a slot that is 5/32 in. wide.
Larger plates are used when they will provide the
sole strength of the joint. However, the plate should
not be placed too close to the face of the workpiece
to avoid ’ ‘puckering’’ the surface when the plate
swells as it absorbs moisture from the glue.

MAKING A PLATE JOINT

The following steps may be applied to make a
typical edge-to-edge plate joint:

1. Align and butt together the edges of two boards
to be joined. Mark across the boards where you
want to place the plates. If they are being used
mostly for alignment, they can be 11 or 12
inches apart. Place them closer together for
more strength.

2. Adjust the cutter depth for the size of biscuit
being used.

3. Adjust the machine fence to the proper depth
and angle. The kerf should be in the middle of
the panel edge.

4. Clamp the workpiece to the bench and line up
the index mark on the fence with the layout line
on the workpiece.

5. Turn on the machine and plunge the blade.
6. Release pressure and allow the cutter to return
to its normal position behind the faceplate.
7. Move to the next location and cut the remain-

ing slots using the same procedure.

BUILDING JIGS

Building and working with jigs can provide in-
teresting experiences. Their design and construc-
tion will test your creative and inventive ability and

they should help you improve the quality of your
project work. Quite often you may be able to save
time by using a jig, especially when there are a
number of similar parts to produce.

Jigs can be classified as specialized or general
purpose. The boring jig for the stool is a good ex-
ample of a specialized jig. Refer back to Fig. 7-32.
It was designed to position and guide the bit at a
specific place and angle. A general purpose jig and
its operation are shown in Fig. 7-48. Such a jig will
guide the saw for a precision job of squaring stock
(3/8 in. and less in thickness) to length. It can be
used to make both the shoulder cut and end grain
cut of a rabbet joint in stock 5/16 in. thick. A miter
joint can be cut in stock under 3/8 in.

You might want to construct a jig like this to use
in your home workshop, because there will be times
when you will need to cut small parts that would
be dangerous to cut on a power saw.

When building a jig, maintain a high level of ac-
curacy in its construction, otherwise it will not be
of much value. Some jigs may be complicated
and/or may employ a new idea. It will be necessary
to build and rework them several times before a
satisfactory model is completed.

TEST YOUR KNOWLEDGE, Chapter 7

1. When selecting joints for your projects, you
must consider the difficulty of fabrication, the
strength, and the

2. Joints should be laid out and cut before the
pieces are squared and cut to size. True or
False?

3. When reinforcing an edge joint, a
will provide greater strength than dowels.

4. In adowel joint, the dowels should enter each
member a distance equal to times
the diameter of the dowel.

5. Agrooveand are the same kind of
cut except that the groove is cut across the
grain of the wood.

6. Toinstall a back panel in a cabinet it is usual-
ly best to use a joint.

7. When cutting a rabbet along the edge of stock,
it is best to use the plane.

8. The combination square can be used to lay out
a 45 degree angle. True or False?

9. The lap joint that would be used for the cor-
ner of a frame is called a

10. The open mortise-and-tenon is sometlmes
called a joint.

11. When a shoulder is cut on only one side of a
tenon the joint is called a mortise-
and-tenon.

12. When making a mortise-and-tenon joint, it is
best to cut the before cutting
the
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13.

14.

15.

16.
17.
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Fig. 7-48. A—General purpose sawing jig. B—Squaring stock to length. C —Making the shoulder cut for a rabbet
joint. D—Cutting a miter joint.

The cross section of a tenon can be rec-
tangular, square, or round. True or False?
What devices may be used to reinforce miter

joints?
The included angle of a tail of a dovetail joint
is about _ degrees.

A plate joint is similar to a joint.
How many sizes of plates or “’biscuits’’ are
generally available for plate joinery?

ACTIVITIES

Make a list of the common woodworking tools
that are used for measuring and layout work.
Include a brief description of each tool and
how it is used.

Develop a table or chart that shows the
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measurement readings along the tongue and
blade of a framing square, that can be used
to set the T-bevel square at angles of 5, 10,
15, 22 1/2, 30, and 45 degrees.

Make a study of the various forms and adap-
tations of the mortise-and-tenon joint. Select
a number of them you feel are practical, and
prepare carefully proportioned detail drawings.
If you do not draw them to scale, include
dimensions.

Develop a working drawing sketch of a saw-
ing jig to produce a MITERED HALF-LAP joint.
Try to design a jig that will control the posi-
tion and the depth of the cuts. Plan for it to
be used to cut stock of a specific size. Write
an explanation of how it works or include ade-
quate notations on the drawings.



As you progress in woodworking, some of your
projects will very likely contain curves and other
irregular shapes. The cutting and forming operations
for parts with irregular shapes are usually performed
near the end of the fabrication sequence. Stock
should be surfaced, squared to size, and the joints
made and fitted before contours are cut and formed.
There will be exceptions to this rule, however. For
example, with some designs considerable stock can
be saved by roughing out the shape in advance of
squaring operations.

LAYING OUT GEOMETRIC SHAPES

Circles and arcs can be laid out directly on the
work, using dividers or a pencil compass, Fig. 8-1.
Set the dividers at one-half the diameter (radius) of
the required circle, and place one leg at the center
point. Tilt the dividers slightly in the direction of
movement as you draw the circle. When using the
dividers, apply enough pressure to score a fine sharp
line in the surface of the wood. For large circles you
can use the trammel points or a piece of string. Fig.
8-2 shows how trammel points are used.

The dividers or compass can also be used to lay
out triangles, hexagons, octagons, and other
figures. See Fig. 8-3. A good drawing textbook will

Fig. 8-2. Laying out a large circle with trammel points.

include many other geometric shapes, along with
directions for constructing them.

Fig. 8-4 shows a practical way to lay out an
ellipse and a spiral. You will need to experiment with
the size of the string loop and the spacing of the
nails to secure the desired shape and size of the
ellipse. The spiral is formed as the string is un-
wrapped from a center post. The increase in the
radius during a 360 deg. turn will be approximatley
equal to the circumference of the center post (27R).

Fig. 8-1. Trammel points (left) and wing dividers (right) are two tools that can be used when laying out circles and arcs.
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=i

HEXAGON AND

TRIANGLE OCTAGON

Fig. 8-3. Geometric constructions.

Fig. 8-4. Top. Using a string loop to draw an ellipse. Bottom.
Drawing a spiral.

CURVES

In project desigh a smooth flowing curve is
usually more interesting than a perfect circle or arc.
You see these curves in the contour of automobiles,
boats, and airplanes. They are applied to furniture
designs with interesting and attractive results. The
engineer or drafter calls them “’faired’’ lines. They

are produced by drawing a smooth curve through
a number of previously established points using a
long plastic spline held in place with specially
designed lead weights.

In the shop you can lay out a large smooth curve
in about the same way the drafter uses a spline. For
a single layout, bend a thin strip of wood into the
curve you desire. Clamp or hold it in place and draw
a line directly onto the wood. To develop a pattern,
fasten a sheet of paper to a piece of cork board or
soft wood, and set large pins or small nails at the
points you want the curve to pass through. The
wood strip is then ““threaded’’ through these points
and the line drawn as shown in Fig. 8-5. Small
curves are laid out with an irregular curve. You
probably have had experience with this operation
in a drafting class.

PATTERNS AND TEMPLATES

A pattern is a full-sized outline of an object drawn
on paper. Some patterns can be developed from
dimensions given on a drawing. Complicated curves
and outlines are included in working drawings but
are usually not full-size and need to be enlarged.
This can be done easily by a method called “‘enlarg-

Fig. 8-5. Top. Laying out a smooth curve with a thin strip of
wood. Bottom. Using an irregular curve.
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ing with squares.”’ It is accomplished by laying out
small squares (if not included on the drawing) over
the contour to be enlarged. On a sheet of paper lay
out larger squares (size depends on the scale or
ratio), and number them to correspond with the
squares on the drawing. Work with one square at
a time and draw a line through the large square in
the same way it goes through the corresponding
small square.

When a design is the same on both ends, you
need only a half pattern. This is laid out on one side
of a centerline, and then turned over and laid out
on the other side as shown in Fig. 8-6. Some
designs require only a quarter pattern.

You can transfer a pattern to wood by cutting it
out and drawing around the edge, or by placing a
piece of carbon paper between the pattern and the
wood surface and tracing over the lines. Secure the
pattern to the work with drafting tape or thumb
tacks so it will not slip. When tracing a pattern on-
to the wood, use a straightedge and irregular curve
to produce smooth lines on your work.

When you have a number of identical pieces to
lay out, it is usually best to make a template. Glue
your paper pattern (use rubber cement) onto a
heavy piece of cardboard or a thin piece of plywood
or hardboard. Cut out the contour carefully, and
then smooth the edge with a fine file and sandpaper.
See Fig. 8-7.

Fig. 8-7. Smoothing the edges of a template with sandpaper
wrapped around a steel rule.
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CUTTING CURVES

The coping saw, compass saw, and keyhole saw
are hand tools used to cut curves, Fig. 8-8.

COPING SAW

The COPING SAW carries a blade that is easily
replaced when it becomes dull or is broken. The
blade has fine teeth, about 16 points per inch.

Coping saw work can be clamped in the vise, or
supported on a sawing bracket as shown in Fig. 8-9.
When the work is held in a vise, the blade should
be mounted in the saw frame with the teeth point-
ing away from the handle. When using the sawing
bracket the teeth should point downward or toward
the handle.

Start the cut in the waste stock and then guide
the saw to the edge of the cutting line. Use full,
uniform strokes, keeping the blade perpendicular to
the surface. Give the blade plenty of time to cut its
way. Use extra strokes as you go around corners.
Reposition the work as you progress, so the cut-
ting will take place near the point of the V of the
sawing bracket, or close to the jaws of the vise.
Working slowly and carefully will actually save time
because you will not need to do as much filing or
sanding to finish the edges.

COMPASS SAW

The blade of the COMPASS SAW runs to a point;
itis 10 to 14 in. long and has about 8 points to the
inch. It is used for cutting large curves and circles.
The keyhole saw is similar except that it has a
smaller blade and finer teeth. The pointed blade of
these saws makes it possible to start the saw in a
small hole and cut sharp curves.

Fig. 8-10 shows a compass saw being used to
cut out a speaker opening in a panel for a stereo

R e o
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COPING SAW

Fig. 8-8. Saws designed to cut curves.
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Fig. 8-9. Cutting with the coping saw. Left. Work held on a sawing bracket. Right. Work clamped in a vise. Note that the joints
for the wall shelf have already been cut.

cabinet. A hole was bored in the waste stock to
start the saw. When using this type saw the length
of the stroke will vary with the sharpness of the
curve. Sharp curves must be cut with the point of
the blade while the entire blade can be used for
curves with a large radius. The compass saw leaves
a fairly rough edge, so keep the cut well into the
waste stock to allow sufficient material for
smoothing and finishing. The compass and keyhole
saw can be sharpened by the same method used
for regular hand saws.

CHISELS

Curves that are formed by removing only a small
amount of stock can be cut and smoothed with a
chisel as shown in Fig. 8-11. CONCAVE (inside}
curves are cut with the bevel held against the work.

//
e
r“' b"*«____‘
"d M
H
Fig. 8-11. Cutting curves with a chisel. Top. Concave or inside
Fig. 8-10. Using compass saw to cut large, circular opening. curves. Bottom. Convex or outside curves.
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This way the depth of cut can be somewhat con-
trolled by the angle of the chisel. The first heavy
roughing cuts can be made by driving the chisel (use
a socket type) with a mallet. Finished cuts should
be made by hand, using very fine cuts as the layout
line is reached. CONVEX (outside) curves are cut
with the bevel turned up. Make a series of straight
cuts tangent to the curve, then take a thin shaving
along the layout line to finish the work. A shearing
cut is usually made on end grain and hard woods.
The two general types of chisels are the SOCKET
and the TANG. The handle of the socket chisel fits
into a hollow cone. It should be used for heavy
work, when the chisel is driven with a mallet, Fig.
8-12. The tang chisel has a lighter handle attach-
ment, a thinner blade, and is used for light shaping
and paring cuts. The size of a chisel is determined
by the width of the blade. Chisels are sharpened
(ground and honed) using the same method de-
scribed for the plane blade. See Fig. 8-13.

SMOOTHING CURVES AND EDGES

The SPOKESHAVE is a tool used for smoothing
and shaping curved surfaces and edges. Fig. 8-14
shows a typical model with depth adjustment nuts
and a blade thatis 2 1/8 in. wide. The blade of the
spokeshave is ground at the same angle and is
honed in the same manner as a regular plane iron.

The spokeshave can be used for both concave
and convex curves. It is usually held and used as
shown in Fig. 8-15. However, it can be reversed

Fig. 8-12. Driving the chisel with a mallet. Always use a socket
chisel for this operation.
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Fig. 8-13. Honing a chisel using a blade honing guide.
(Leichtung, Inc.)

ADJUSTING NUTS . , LEVER CAP THUMBSCREW

CUTTER OR BLADE

N

FRAME AND
HANDLES

LEVER CAF ~

BOTTOM

Fig. 8-14. Parts of the spokeshave. (The Stanley Works)

Fig. 8-15. Using a spokeshave to shape and smooth a contour.
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Fig. 8-16. Standard wood files. Top. Flat. Bottom. Half-round.
(Nicholson File Co.)

and pushed instead of pulled. The setting for a fine
shaving will vary with different shapes and sizes of
curves. Hold the tool at an angle so it will make a
shearing cut on end grain or hard wood.

A wood file is used for smoothing small pieces
or pieces that have sharp curves. The most com-
mon files for woodworking are the round, half-
round, and flat, Fig. 8-16. They are available in
lengths of 8, 10, and 12 in. Small metal files are
sometimes helpful in smoothing intricate work. The
file should be fitted with a handle and held as shown
in Fig. 8-17. When possible, use a stroking action
rather than filing straight across an edge. Try to file
in from each edge to prevent splitting the opposite
side; this is especially important in working with
plywood. Use a file card or file cleaner to keep the
teeth clean, Fig. 8-18.

Two other shaping and rough smoothing tools are
the tungsten carbide coated file, Fig. 8-19, and
multiblade forming tool, Fig. 8-20. All of these tools
cut rapidly and do a considerable amount of work

Fig. 8-17. Using the half-round wood file.

Fig. 8-18. File card and brush.

before they become dull. Fig. 8-21 shows the multi-
blade tool being used to finish a large, round hole.
This tool is available in various sizes.

Sandpaper can be used for smoothing curves and
rounding edges. It can be wrapped around various
forms to fit the contour of the work. Coarse sand-
paper will cut away the wood fibers rapidly when
used across the grain. See Fig. 8-22.

Fig. 8-19. Tungsten carbide coated file. (Skil Corp.)

Fig. 8-20. Surform tools for shaping and rough smoothing.
(The Stanley Works)

Fig. 8-21. Using a round, multiblade tool to smooth a hole.
(The Stanley Works)
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Fig. 8-22. Shaping and smoothing with coarse sandpaper.

CARVING AND SHAPING

Gouges, chisels, knives, and scrapers of various
shapes and sizes are used for carving wood, Fig.
8-23. Carving tools are usually sold in a set that
consists of chisels, veiners, fluters, and gouges.
They should be kept in a box or special holder. This
will protect both the worker and the tools.

Fig. 8-23. Shavehook scrapers may be used to reach corners
of flat and curved surfaces. (Leichtung, Inc.)
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It takes a great deal of skill and patience to do
fine wood carving. Always clamp the work securely,
either in the vise or some special holder. Hold the
tool in both hands and make the cuts by moving the
cutting edge away from you. The angle of the tool
edges will vary.However, most of them can be held
at about a 30 deg. angle. Cut with the grain
wherever possible.

An outside ground gouge, Fig. 8-24, is used to
form the inside contour of trays and bowls. Start
in the center and gradually enlarge the area. Cut
long, thin shavings with the tool moving toward the
center. Guide the blade with one hand and use the
other hand to force it through the wood. Rolling the
edge slightly back and forth will help it cut, especial-
ly on end grain. Fig. 8-25 shows a candy tray that
required the use of a gouge on the inside contour.

Fig. 8-24. Shaping an inside contour with an outside ground
gouge.

When using chisels and gouges always
keep both hands behind the cutting
edge, with the cutting motion away from
you.

Gouges and carving chisels require very sharp
edges. They can be honed many times before grind-
ing is required. When grinding, try to maintain the
original shape of the tool. Fig. 8-26 shows an out-
side ground gouge being honed with a slip stone
after the beveled side was honed on a regular
oilstone.
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Fig. 8-25. A finished tray that required the use of many form-

ing and shaping tools.

Fig. 8-26. Using a slip stone to hone a gouge.

CHAMFERS, BEVELS, AND TAPERS

A CHAMFER removes the sharp corner from an
edge and improves the appearance of some work.
See Fig. 8-27. It is usually made at a 45 deg. angle
with the surface or edge of the stock. Lay out a
chamfer with a sharp pencil held so the fingers serve
as a guide along the edge of the stock, as shcwn
in Fig. 8-28. A marking gauge cannot be used since
it will leave a groove.

Clamp the stock in a hand screw and clamp the
hand screw in a vise, so the work will be held at
an angle. Plane the edges first, and then the ends
with the plane held at an angle to make a shearing
cut. Use the block plane to chamfer small pieces.

TAPER

Fig. 8-27. Forms for wooden parts.
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Fig. 8-28. Top. Laying out a chamfer. Bottom. Planing a
chamfer. {The Stanley Works)

A BEVEL, Fig. 8-27, is a sloping edge that con-
nects the two surfaces of the stock. It is planed in
about the same manner as a chamfer. To lay out
a bevel, the sliding T-bevel square is set at the re-
quired angle. It is then used to mark the angle on
both ends of the stock. When possible, clamp the
work so that the plane can be operated in a horizon-
tal position. As the bevel nears completion, check
it with the T-bevel square.

A TAPER, also shown in Fig. 8-27, runs along the
length of the stock, making it smaller at one end.
The legs of stools, chairs, and tables are often
tapered to make them look lighter and more attrac-
tive. As in the forming of most irregular shapes, the
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tapering operation is performed after the work has
been squared to size, the joints cut, and a trial
assembly made.

Lay out the length of the section to be tapered.
When there are a number of similar pieces, clamp
them together to make this layout. Mark the size
on the small end and then draw the line of the taper
on each surface. See Fig. 8-29. Clamp the work
securely and plane toward the smaller end. Start
with the short strokes at the small end and gradually
increase their length as you progress with the work,
as described in Fig. 8-30. When tapering adjacent
surfaces, you will remove the layout line on the sur-
face being planed and it will need to be replaced.
Note that the legs shown in the figures are tapered
on only the inside surfaces. Tapers are sometimes
hard to clamp in a vise. You may need to work out
some special clamping arrangement.

Fig. 8-29. Top. Laying out a taper. Bottom. Planing a taper.

TEST YOUR KNOWLEDGE, Chapter 8

Please do not write in the text. Place your
answers on a separate sheet of paper.

1. To lay out a large circle it is best to use a set

of .

2. What size of center post would you use to

develop a spiral in which the radius increased
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LAST STROKE

Fig. 8-30. Procedure for planing a taper.

approximately 1 1/2 in. in one revolution?
Itis best to use a to lay out many
parts that have the same curved outline.

If a curved part is symmetrical, (the same on
either side of a centerline) it will save time to
develop and use a pattern.

The teeth of a saw blade may
point toward or away from the handle depend-
ing whether the work is supported on a saw-
ing bracket or held in a vise.

What hand tool would you use to cut a 12 in.
hole in the center of a piece of plywood that
is 2 ft. square?

When smoothing a convex curve with a chisel
the bevel should be held against the work.
True or False?

The most common shapes of woodworking
files are round, flat, and .

When using gouges or chisels the work should
be held in one hand and the tool in the other.
True or False?

When planing a taper, the cut should usually
be made toward the __(larger end,
smaller end.)

ACTIVITIES

Develop a selected list of hand forming tools
(other than planes and chisels) that would be
practical for use in a home workshop. Include
a description of the shape and size of each
item and its current price.

Select or design a small article such as an Early
American wall shelf that includes some curved
parts. Prepare a scaled working drawing.
Then, use the enlarging with squares method,
to make full-size patterns of the curved parts.
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Top. Woodworking bench made from furniture quality Danish beech. Pieces were

glued together and machined to close tolerances. Bottom. Adjustable size picture

framing clamp. This clamp will hold any square or rectangular frame from 3in. x 5
in. up to 4 ft. x 4 ft. (Leichtung, Inc.)
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Gluing and clamping are important operations that
are performed at various times during the total con-
struction activity. At the outset, you may need to
make edge or face joints to secure the wider widths
or thicker pieces that your project requires. After
parts are fabricated, there will be subassemblies and
final assemblies to make. As the work nears com-
pletion, gluing operations may be included in the
veneering of edges and the attachment of moldings
and trim.

Gluing operations may involve the use of a
number of different kinds of bonding materials. The
term ADHESIVE is generally used to describe any
substance or bonding material capable of holding
objects together by surface attachment. However,
adhesives, cements, and glues are somewhat dif-
ferent in composition.

The research laboratories of our chemical in-
dustries have developed many new and wonderful
plastic materials from such raw materials as coal,
air, water, petroleum, and natural gas. Among these
have been a wide range of synthetic-resin adhesives
that have revolutionized the methods and pro-
cedures in wood fabrication.

ADHESIVES, CEMENTS, AND GLUES

Adhesives, cements, and glues are used to bond
materials together. Adhesives are made from syn-
thetic materials. Cements are generally rubber-
based. Glues are made from natural materials. Since
wood is a relatively weak material, most adhesives,
cements, and glues produce bonds that are stronger
than the material being bonded together. The most
important characteristics are: setting rate, viscosity,
water resistance, flexibility, color, sandability, and
gap-filling properties.

ADHESIVES

Adhesives are the most popular bonding agents
in use today. There are two basic types of adhe-
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sives: thermoplastics and thermosets. Each group
has unique properties and applications.

Thermoplastics

The most widely used adhesives in woodwork-
ing are thermoplastics. They are generally resistant
to moisture, but are not waterproof. All ther-
moplastic adhesives soften with heat and therefore
are not recommended for applications in high heat
areas. There are six basic types of thermoplastic
adhesives in common use: polyvinyl, acrylic resin,
aliphatic thermoplastic resin, alpha cyanoacrylate,
cross-linking PVA, and hot melts.

POLYVINYL ADHESIVES (PVA) are frequently
called white glues, Fig. 9-1. They are very popular
with both the do-it-yourselfer ‘and industry. This
adhesive is purchased ready-to-use. While it has a
relatively short clamping time of 30 minutes, the
piece should not be worked for 24 hours. The glue
line is colorless and, therefare, will not detract from
the finished appearance of the project. Since
polyvinyl adhesives cure by the loss of moisture,

Fig. 9-1. Polyvinyl adhesive, commonly called white glue, is
a thermoplastic adhesive.
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it is necessary that the wood have a moisture con-
tent between 6 and 12 percent to develop a strong
bond. A higher or lower moisture content will cause
a weak joint. PVAs are nontoxic, have a rapid set-
ting time, fair gap-filling qualities, are slightly flexi-
ble, and have a long shelf life. They are an excellent
choice for general woodworking.

ACRYLIC RESIN adhesives are water-resistant
and strong. They may be used to bond wood, metal,
glass, and concrete. They are not recommended for

plastics. Setting time is normally about 5 minutes-

with a recommended clamp time of 4 hours.
Acetone is used to remove excess adhesive. Acrylic
resin adhesives are used to bond edges of solid
wood or composites to nonporous substrates like
melamine or solid surface materials.

ALIPHATIC THERMOPLASTIC RESIN is also a
form of polyvinyl resin, Fig. 9-2. It is yellow in color
and somewhat stronger than other polyvinyl resins.
Also it will not clog sandpaper, and is more resis-
tant to lacquers and heat than polyvinyl adhesives.
Because of its advantages, most woodworkers
prefer aliphatic thermoplastic resin to polyvinyl. It
does have a shorter shelf life than white glue.

CROSS-LINKING PVA adhesives represent the
most advanced members of the PVA family.
Chemical bonds formed within the adhesive as it
dries improves the strength of the glue bond and
increases its water resistance. It is similar to regular
‘*yellow glue,’”” but has a higher tack and a shorter
drying time. Cleanup is done with water. This is the
most widely used adhesive for radio frequency (RF)
gluing. A popular name brand of this adhesive is
Franklin’s Titebond IlI, Fig. 9-3.

HOT MELTS are newcomers to the field of wood-
working. They may be used to bond most any type

Fig. 9-2. Aliphatic thermoplastic resin glue is a form of polyvinyl
resin glue. It is yellow in color and somewhat stronger than
other polyvinyl resins.

Fig. 9-3. Franklin’s Titebond Il {left) is a cross-linking PVA
adhesive. It has high water resistance and good bond strength.
(Woodcraft Supply Corporation)

of material and are sold in solid form. Hot melts are
heated with a special applicator, Fig. 9-4. The
adhesive is applied in molten form using an ap-
plicator. It is applied to only one surface and then
brought together immediately with its matching sur-
face. Bonding will occur in a short time, anywhere
from a few seconds to three or four minutes. Short
clamping time is an advantage of hot melts. Disad-
vantages include wide glue lines and low strength.

Thermosets

Thermosets are generally more costly than ther-
moplastics, but they are resistant to water and are
not affected by heat. Curing is accomplished
through a chemical reaction that begins when ther-
mosets are mixed. There are six common types of
thermosets: ureaformaldehyde, resorcinol-formal-
dehydes, phenol-and melamine-formaldehyde,
epoxy polyurethanes, and reactive hot-melts.

ALPHA CYANOACRYLATE is frequently called
“’superglue.”” This adhesive, Fig. 9-5, works well
with metals, glass, certain plastics, and other dense,
nonporous materials. Outstanding characteristics in-
clude rapid drying time and extra strength. It

Fig. 9-4. Hot melt glues are applied using a special applicator,
in this case, a glue gun.
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Fig. 9-5. Alpha cyanoacrylate or ““superglue’’ provides extra
strength and rapid drying for dense, nonporous materials.

reaches maximum strength in 24 hours and can be
softened with acetone. It should not be allowed to
touch the skin during application because it will
bond the skin to anything it touches.

UREAFORMALDEHYDE is purchased in a powder
form, Fig. 9-6. The addition of water starts a
chemical reaction. Although not waterproof, urea-
formaldehyde is more resistant to water than
polyvinyl. This adhesive has poor gap-filling gqualities
and, therefore, requires close-fitting pieces. Clamp-
ing time is about 6 hours, but may be reduced with
the application of heat or radio-frequency glue-
drying equipment.

RESORCINOL-FORMALDEHYDE adhesives are
expensive. They are very tough and are generally
used where harsh conditions will be encountered,
such as in boat use. They form a waterproof glue
line, but stain wood a dark reddish-brown color.
Resorcinols are packaged in two containers, Fig.
9-7. One contains a liquid resin and the other con-
tains a catalyst. When they are mixed together, the
reaction begins. The clamping time is long for
resorcinols, which, in turn, can be a disadvantage
with some assemblies.

PHENOL- and MELAMINE-FORMALDEHYDE
adhesives are used for commercial applications.
Exterior plywood uses phenol resin. Melamine
frequently added to other adhesives to improve their
adhesive properties. It is so expensive that it is
seldom used alone.

EPOXY is not generally used as a wood adhesive.
Epoxy also is packaged in two containers and must
be mixed before using, Fig. 9-8. It produces one of
the strongest glue joints, but is too expensive for
large applications.

POLYURETHANE (ISOCYANATES) adhesives of-
fer an option for exterior woodwork. They were
developed as an alternative to epoxies and have
been in use in Europe for several years, but are
relatively new in the U.S. The key component in
polyurethane adhesives is diphenylmethane di-
isocyanate (MDI). Isocyanates are highly reactive
to moisture and develop a high-strength bond
through molecular cross-linking. Wood with a
moisture content of 8-20 percent is considered

Fig. 9-6. Ureaformaldehyde resin glue. Top. Catalyst incor-
porated type mixed with water. Bottom. Liquid resin and
powdered catalyst mixed for use.

\{lh
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Fig. 9-8. Epoxy resin glue.
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optimum. Polyurethanes are available as two-part
or one-part adhesives. Gorilla Glue™ is an example
of this type of adhesive, Fig. 9-9.

REACTIVE HOT-MELT (POLYURETHANE)
adhesives are solvent-free solids that are formed as
pellets, sticks, granules, and liquid. They are then
applied by melting in dispensing guns or other equip-
ment. These glues have OPEN TIMES (the maximum
amount of time between applying the adhesive and
joining the substrates) from 30 seconds to 30
minutes, depending on the formula. Reactive hot-
melts are waterproof, solvent-resistant, and will fill
large gaps as they solidify. These adhesives can
tolerate temperatures from -40 to 300 °F. Bond
strength is significantly higher than standard hot-
melt adhesives. Liquid reactive hot-melts are
available in one- and two-part formulas. Reactive
polyurethanes require specialized airtight applica-
tion systems since they will begin curing when ex-
posed to humidity.

Fig. 9-9. Gorilla Glue™ is a unique, environmentally friendly, one-
part adhesive. It contains no solvents; therefore, it produces no
harmful fumes as it cures. It is a waterproof general-purpose
adhesive that will bond wood to wood, stone, cleaned brass,

aluminum, iron, and plastic. (The Gorilla Group)

CEMENTS

Cements are generally made from rubber sus-
pended in a liquid. Some types of cements are flam-
mable. The use of these requires special care and
consideration. For this reason, they are not recom-
mended for school use. Two types of cements that
are generally recognized for school use are contact
cement and mastic.

SOLVENT-BORNE CONTACT CEMENT is fre-
quently used to bond veneer and plastic laminates
to wood, Fig. 9-10. Solvent-borne cement emits
large amounts of VOCs and the fumes pose a health
risk. Some types are also highly flammable. The ce-
ment is applied to both surfaces to be bonded and
allowed to dry before being brought together. Once
the surfaces touch, bonding is immediate. Strength
is very low when compared to other typical wood-
working adhesives. High creep is another
characteristic of contact cement. Safety is a con-
sideration when using solvent-borne contact ce-
ment. Chlorinated-base cements are also available
that are nonflammable. However, chlorine fumes
can irritate the eyes.

WATERBORNE CONTACT CEMENT is nontoxic
and nonflammable. It has similar strength and ap-
plication characteristics to solvent-borne contact ce-
ment. However, from a safety point of view,
waterborne contact cements are better to use than
solvent-borne cements. Waterborne contact
cements set up slower than solvent-borne cements,
but “‘self drying’’ formulas are available to be used
with spray equipment. Waterborne contact cement
can be applied to foam plastics, and lacquered,
painted, and varnished surfaces. Tools and spills can
be cleaned with water while the cement is still wet.
This cement should not be used with metal or wood

veneer.

MASTIC is a thick contact cement which is
generally used in the construction industry. It is fre-
quently applied with a caulking gun to attach
sheathing, dry wall, or subflooring, Fig. 9-11.

Fig. 9-10. Contact cement should be applied to both surfaces
before bonding. Allow both surfaces to dry before bringing
them together.

Fig. 9-11. Mastic adhesive has a thick consistency and is
usually applied with a caulking gun.
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GLUES

Vegetable and animal products are used to make
protein glues. Glues were once used extensively in
woodworking, but today they have been largely
replaced by adhesives and cements. The reason for
this change is because adhesives and cements are
generally believed to have superior qualities
(strength, length of life, resistance to moisture, etc.)
to glues. Also, traditional glues are not as readily
available as modern adhesives.

Four basic types of glues are still available: hot
animal glue; liquid hide glue; casein glue; and blood
albumin, vegetable, and fish glues.

HOT ANIMAL GLUE may be purchased as dry
powder, pearls, or flakes, Fig. 9-12. It must be melted
before use. As the liquid cools, it hardens and forms
a bond. Speedy assembly is necessary when using
hot animal glues to secure a good bond. This glue
dries into a colorless, nontoxic, sandable glue line.
Moist heat will soften the glue.

LIQUID HIDE GLUE is also a form of animal glue.
It is available in a ready-to-use liquid. Refer back to
Fig. 9-13. This glue is dark in color when curved
and blends well with dark colored woods. It fills

' gaps well and develops moderate holding power.
It, too, is sandable.

CASEIN GLUE is made from dried milk curds and
is available as a powder, Fig. 9-14. It is mixed with
water until it has the consistency of thick cream.
The mixture is allowed to set about 15 minutes
before being applied to the wood. Some types of
casein glue will stain certain woods, but varieties
are available which do not have this drawback.
Casein glue is considered water-resistant, but will
weaken if exposed to constant moisture. This glue
can be applied as long as the temperature is above
freezing, which is an advantage in construction. It
cures by evaporation and chemical action. It may
be used on woods containing up to 15 percent

Fig. 9-12. Animal glue. The pearls are prepared by soaking
in water and then heating.

Fig. 9-13. Hide glue has moderate holding power, is sandable,
and blends well with dark colored woads.
(Woodcraft Supply Corporation)

Fig. 9-14. Casein glue. Mix the powder with cold water.

moisture content and is particularly effective with
oily woods such as teak, yew, and lemonwood.

BLOOD ALBUMIN, VEGETABLE, and FISH GLUES
are used commercially. Blood albumin and vegetable
glues are used to bond the veneers of interior
plywood. Fish glues are used as the bonding agent
on packaging tape and shipping boxes.

Fig. 9-15 is designed to be a usetul reference
when selecting a woodworking adhesive.

PREPARING WOOD FOR GLUING

Wood pieces that are to be assembled with glue
should all have the same moisture content. This will
take place automatically if all pieces of the wood
are stored in the same area for a period of time. The
moisture content at the time of gluing should be
equal to the moisture content the glued article will
have when it is placed in service. The average
moisture content for interior woodwork in the
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WOODWORKING ADHESIVES
THERMOPLASTICS
Common | Minimum | Clamp
Type Form Temp°F Time Characteristics/Use
Acrylic Resin liquid 50 4hrs | Used to bond edges of solid wood or composites to nonporous substrates like
melamine or solid surface materials
Aliphatic Resin liquid 50 1hr Better water resistance, less creep, and faster tack than white PVA; nontoxic
(yellow glue)
Cross-linking PVA liquid 55 1 hr Similar to yellow glue; high water resistance— appropriate for exterior use
Hot-melt Granules, 350-400 N/A Used for fast tacking, or temporary assembly; bonds dissolve with heat; low bond
(thermaoplastic resin) sticks, plugs strength
Polyvinyl Acetate liquid 60 1hr High sheer strength and flexibility, rubbery glue line; no water resistance
(white glue)
THERMOSETS
Common | Minimum | Clamp
Type Form Temp°F Time Characteristics/Use
Cyanoacrylate liquid 40 N/A Joints are strong and waterproof, low shack resistance; fast-setting; useful for
(“super glue”) small repairs in wood, plastic, or metals
Epoxy Two-part 32 1hr Must be mixed; useful for bonding difficult materials; waterproof; good
heavy gap-bridging strength; fumes pose health risk
liquid
Polyurethane liquid 50 1-4 hrs | Moisture curing; very water resistant; may cause respiratory-reaction; good for
(isocyanates) oily woods
Reactive Hot-melt Sealed 250 N/A Resists water and solvents; bond withstands heat; may cause respiratory
(polyurethane) cartidges reaction; special spray equipment needed
or cans
Resorcinol/phenol- two-part 70 4-10 hrs | Good water and solvent resistance; must be mixed; formaldehyde emissions are
resorcinol liquid potential health hazzard
Urea Formaldehyde powder 70 8-12 hrs | High strength; good moisture resistance; must be mixed; excellent for veneering;
(plastic resin) formaldehyde emissions are potential health hazzard
CEMENTS
Common | Minimum | Clamp
Type Form Temp°F Time Characteristics/Use
Contact Cement liquid 40 N/A For bonding to wood composites; emits high VOC emissions, fumes pose health
(solvent-borne) risk, some highly flammable
Contact Cement liquid 65 N/A Slow evaporation of water; catalyzed “self drying” formulas require special spray
{waterborne) equipment
GLUES
Common | Minimum | Clamp
Type Form Temp°F Time Characteristics/Use
Casein Glue powder 60 2-3 hrs | Moisture resistant but not waterproof; will bond species that feel oily such as teak;
will stain dark or acid woods
Hide Glue liquid and 70 2-3 hrs | Bonds dissolve with moist heat; granules must be soaked in water and heated in
granules a glue pot; repairs easily
Hot Animal Glue powder or 145 2-3 hrs | Speedy assembly is necessary; dries into a colorless, nontoxic, sandable glue
flakes line; moisture will soften
Vegetabie, Blood powder or 7010230 | 2-3hrs | Once used to bond interior plywood veneers, packing tapes and shipping boxes

Albumin, and Fish Giue | flakes

Fig. 9-16. This chart is intended as a general guide for woodworking adhesive characteristics. |t contains four
main categories: Thermoplastics, Thermosets, Cements, and Glues.

United States is about 8 percent but varies widely The wood surfaces that will form the glue line
for different parts of the country. Exterior wood- should be dry, clean, smooth, and make good
work varies from 12 to 18 percent. High moisture contact with each other, Fig. 9-16. This kind of
contents (15 percent and above), will retard the cur- surface is prepared with hand planes, chisels, and
ing time and may require the use of special glues. machines with sharp knives. Tests have proved that
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the blank successfully with polyvinyl, the pieces
should be glued in pairs and then the two pairs glued
together later. This would slow down the operation
very little since polyvinyl work can be removed from
the clamp in about 30 minutes.

Casein glue has an assembly time of about 20
minutes. Hide, resorcinol, and epoxy glues all have
relatively long assembly times and seldom present
any problem in this respect. Glues with long
assembly times also require long clamping periods.
For example, resorcinol glued joints should be kept
clamped for about 10 hours.

GLUING AN EDGE JOINT

Fig. 9-20 shows a suggested procedure for giu-
ing an edge joint. The work is first assembled dry
(without glue) and the clamps are adjusted. For
joints of this kind the clamps are usually spaced
about 12 to 16 in. apart. A rack or holder that will
keep the bottom clamps on edge is helpful. Apply
a bead of polyvinyl glue to one edge and then make
the spread on both pieces by rubbing them together.
Check the spread and apply additional glue to any
areas that are not coated. After the spread is made
on both joints, the pieces are carefully aligned and
the clamps underneath are tightened. A third clamp
is placed across the top surface and tightened. Note
the paper towel laid between the clamp and the glue
line so the corrosive action of the polyvinyl glue on
the metal clamp will not stain the wood. This pro-
tection is not necessary if the clamps are removed
within 1 hour.

Joints like this and others that are used to build
up therequired dimensions of the stock are usual-
ly not cleaned immediately. The squeeze-out line of
glue is easily removed with a hand or cabinet
scraper after the joint has set up.

Even though polyvinyl glue will set up so that
most assemblies can be removed from the clamps
in about 30 minutes, the joint will not gain its full
strength for several hours. Edge joints for high quali-
ty work should have several days to cure so that
the extra moisture at the glue line can dry out. If
the joint is machined and planed too soon, extra
wood (expanded by moisture) will be removed and
this will form a depression after it dries. This is true
of all glues that have a high moisture content.

The clamps used in Fig. 9-20 are called BAR
CLAMPS. They are available in various lengths
(maximum opening) from 2 to 8 ft. When tightened
firmly with one hand they will exert about 600 Ibs.
of pressure. When tightened with both hands on the
crank, you can apply pressure of well over 1200
Ibs. Manufacturers of adhesives generally recom-
mend 100 to 150 psi (pounds per square inch) for
soft wood and 150 to 200 psi for hard wood. If
one hand is used to tighten the clamps, Fig. 9-20C,
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Fig. 9-20. Gluing and clamping edge joints. A— Applying a
bead of glue on one edge. B—Rubbing the edges together to
make a double spread. C—Tightening the bottom clamps.
D—Applying a third clamp to the top surface.

then the three clamps will exert a total of about
1800 pounds of pressure. The stock is 3/4 in. thick
and 24 in. long, making the area of the joint 18 sq.
in. The pressure on the joint is therefore about 100
psi which is satisfactory for soft wood.

HAND SCREWS are ideal clamps for woodwork
because the jaws are broad and distribute the
pressure over a wide area. The greatest pressure
can be attained by tightening the outside or “‘end”’
spindle as it provides greater leverage than the
"’middle’” spindle. Hand screws are available in sizes
(total length of jaws) from 4 to 24 in. Sizes most
used in the school shop are 4, 6, 8, and 12 in.
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C-CLAMPS provide a compact clamping device
and are sometimes helpful in gluing operations. See
Fig. 9-21. In woodworking they are often used to
clamp parts to machines and make special setups.
They are available in sizes (maximum opening) from
1in. to 12 in., with smaller sizes of 2, 3, and 4 in.
most often being used in woodworking.

Fig. 9-21. C-clamps in use. This type clamp is also called a
carriage clamp.

TOGGLE CLAMPS (QUICK CLAMPS)

Even though toggle clamps have been around for
many years, they are just beginning to be used
regularly by woodworkers. The advantages of tog-
gle clamps make them well worth consideration.
They have good holding power, positive locking ac-
tion, and are fast and easy to use with one hand.
In addition, they are reasonably priced.

Toggle clamps are ideal for clamping workpieces
to shop tools, fixtures, and jigs. They operate
through a combination of pivots and levers to apply
force to the workpiece, Fig. 9-22. Toggle clamps
are manufactured in many styles that include
mechanical, pneumatic, and hydraulic variations—
more varieties than any other type of clamp. Holding
capacity of typical toggle clamps range from about
60 Ibs. to 16,000 Ibs.

MECHANICAL TOGGLE CLAMPS

The basic mechanical toggle clamp is available in
four different types: hold-down, straight-line, pull-
action, and squeeze-action clamps. The two most
popular types for woodworking are the straight line
and hold-down types. Straight-line clamps provide
a push or pull action. Pull-action clamps draw parts
together while squeeze-action toggle clamps hold
parts with a pinching action much like the action
of a C-clamp.

Fig. 9-22. Toggle clamps are now being widely used by wood-
workers to hold workpieces in jigs and fixtures and for typical

machining operations. (Kreg Tool Company)

Hold-down Clamps

The most design variations of the toggle clamp
are found with hold-down clamps, Fig. 9-23. Includ-
ed in this group are T-handle or straight-handle
clamps in a vertical or horizontal style; open or solid
clamping arms with a high, low, or angled profile;
and straight or flanged mounting bases. The
greatest clamping flexibility is provided by the open-
arm style. The threaded spindle can be adjusted to
accommodate a variety of workpiece sizes.

The use of hold-down toggle clamps will increase
safety and quality of work. They will eliminate stock
creep when crosscutting miters, hold stock steady
during routing, and eliminate spinning of stock dur-
ing drilling operations. Safety is greatly increased
by keeping fingers away from the cutters when
template routing small pieces.

Straight-line Clamps

Straight-line toggle clamps provide a pulling or
pushing action, Fig. 9-24. Most will lock in the fully
retracted or extended position. These clamps can
be adjusted by moving the position of a hex nut.
Straight-line toggle clamps have either a flange

Fig. 9-23. Hold-down toggle clamps are available in several
styles. (Te-Co)
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Fig. 9-24. Straight-line toggle clamps provide a pulling or

pushing action. (Te-Co)

mount or threaded body for mounting the clamp
directly through a panel, plate, or angle bracket.

Straight-line clamps are useful in gluing jigs where
several items of the same size are to be assembled.
They are also very-useful for holding and position-
ing a piece for a machining operation.

Pull-action Clamps

Pull-action clamps are also called LATCH
CLAMPS, Fig. 9-25. They are designed to draw two
parts together. The mechanism works by raising the
handle to advance the clamping element, much like
a toolbox latch. When the clamping element (hook
or U-bolt) is engaged, the handle is moved to the
horizontal position to pull the pieces together and
lock the clamp.

Squeeze-action Clamps

Squeeze-action toggle clamps combine the grip
of a pair of pliers with toggle action, Fig. 9-26. In
fact, the hand-held types are often called TOGGLE
PLIERS. They are used where a C-clamp would
generally be used. Squeeze-action clamps use either
a threaded spindle with a fixed jaw or two thread-
ed spindles to adjust the clamping thickness. Most
clamps have a quick release handle for quick
removal.

Pneumatic Power Clamps

Pneumatic (or hydraulic) power clamps are used
for repetitive production operations where set-up
time is critical. A pneumatic or hydraulic cylinder
provides the activating force. Some types of these
clamps have a safety feature of being mechanical-
ly locked (when fully closed) so that even a loss of
pressure will not cause them to cycle, Fig. 9-27.
Pneumatic or hydraulic clamps are generally self-
contained and simply need to be mounted and at-
tached to air or hydraulic lines. The clamp shown
in Fig. 9-27 provides 200 Ibs. hoiding capacity in
a package less than 7 in. long.

133

Fig. 9-25. Pull-action toggle clamps are also called latch
clamps. They are used to pull two parts together.
{Te-Co)

Fig. 9-26. Squeeze-action toggle clamps are sometimes called
toggle pliers. They are generally used where C-clamps might
be used. (Te-Co}

Fig. 9-27. Self-contained pneumatic power clamps are ideal
for repetitive production operations.  {De-Sta-Co)

GLUING FRAMES AND FINISHED ASSEMBLIES

Before making the final glued assembly of paneled
frames, legs and rails, and other structures, the
parts should be sanded. This is especially important
on inside surfaces. Always make a trial assembly,
and determine the best and most efficient procedure
to follow.

Fig. 9-28 shows the clamping of legs and rails.
A subassembly of two legs and a rail are first made
for each end of the table and then the final assembly
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Fig. 9-28. Left. Subassembly. Note the spacer strip used to hold the bottom of the legs and correct distance apart.
Right. Final assembly. Here a spacer strip is used to hold the frame square.

is made. Note the blocks between the clamp jaws
and the work; they protect the sanded wood sur-
faces. By shifting their position you can apply the
pressure at the right point to obtain correct align-
ment. Also note the ‘’spacer’’ strips; one is used
to hold the legs the correct distance apart in the
subassembly and the other keeps the frame square
in the final assembly.

It is important to work on a good, flat surface for
assemblies like this because the parts of a struc-
ture must not only be square with each other but
also lie in the correct plane. In frame assembilies the
contact area of the joints is usually small so even
a light pressure from the clamp will provide the re-
quired psi.

In Fig. 9-29 a large frame is being assembled. If
the frame is not square you can shift one or two
of the bar clamps to a slight angle with the work
and use this diagonal force to pull it into the cor-
rect position. From a point level with the frame,
sight across the horizontal plane that it forms to be
sure it is not twisted.

After frame and panel or other assemblies are
glued, it may be necessary to reinforce them with
GLUE BLOCKS. A carefully squared piece of stock

Fig. 9-29. Clamping arrangement for a large frame.
{Adjustable Clamp Co.}

is ripped across corners and then cut to 1 or 2 in.
lengths. These blocks are coated with glue and set
in position as shown in Fig. 9-30. Press firmly on
the block and move it back and forth a few times
to spread the glue and *‘set’’ it in place. It will stay
in position and will not need to be clamped.

Fig. 9-31 shows a patented clamp that can be
used for frames.

CLEANING GLUED JOINTS

On final assemblies, where the wood surfaces
have been sanded, extra precautions should be
taken to keep them clean and free of glue. Even the
slightest amount will seal the surface and cause a
blemish in the finish. When the surface is bare of
finish, glue ‘‘spots’’ may be hard to detect, but
when finish is applied (especially stained work) they
become noticeable.

Apply the glue carefully so there will be a
minimum of squeeze-out. That which does appear

e -
y

Fig. 9-30. Setting glue blocks. Top. Applying a bead of glue.
Bottom. Setting the block with firm pressure and a slight back
and forth movement.
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Fig. 9-31. Patented clamp replaces bar clamp in frame assemblies.
U-device (arrow} grips rail firmly as screw is tightened. Can be equipped

with antiscuff pad.

around the joint (on front and top surfaces, and
edges) should be removed. Use a sharp stick or
wood chisel to remove as much as possible, then
wipe the surface thoroughly with a sponge or cloth,
moistened with hot water. See Fig. 9-32.

For extremely fine work, with joints that are hard
to clean, apply masking tape around the edges of
the joint to protect the surface from glue.

GLUING MITER JOINTS

Miter joints are more difficult to clamp and glue.
Fig. 9-33 shows some clamping devices that are

Fig. 9-32. Cleaning a glue joint with a sponge moistened with
hot water.

(Universal Clamp Corp.)

designed for this purpose. The miter clamp, Fig.
9-33, left, is especially helpful for assembling pic-
ture frames. Glue can be applied to the joint and
then it can be firmly held in the clamp for nailing.
The miter clamps shown in Fig. 9-33 (right) fit into
5/8 in. blind holes bored in the back of the frame.

If no special miter clamps are available, assem-
ble the miter joints as shown in Fig. 9-34. Small
blocks of wood are temporarily glued to the sides
of the frame, then split off after the glue has set.

Fig. 9-34. Miter joints clamped by gluing small blocks on the
frame.

Fig. 9-33. Left. Miter clamp especially designed for picture frames. Center. Frame clamp.
Right. Miter clamps that require a hole on the backside of the frame.
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Fig. 9-35 shows a band clamp being used to glue
cube table together. It has many applications in
gluing irregularly shaped objects. The canvas band
is 2 in. wide and is available in several different
lengths. A patented spring clamp, Fig. 9-36 (top),
has pivoting jaws with serrated teeth along the
edge. These teeth grip the surface of miter joints
and other irregularly shaped parts. Another type of
spring clamp is ideal for holding thin pieces together,
Fig. 9-36 (bottom).

Fig. 9-35. Band clamp.

BUILDING CLAMPING DEVICES

You may wish to build a clamping device that you
can use in the school shop or your home workshop.
The press, Fig. 9-37, can be used to veneer panels,
apply plastic laminates, clamp inlaid panels, and
other similar operations. You will need to purchase
four press screws which are available at hardware
stores or industrial arts supply firms.

Figs. 9-38 and 9-39 show frame clamping jigs.
One utilizes a standard hand screw to supply the
pressure and can be adjusted to fit any size of frame.
The other jig uses eccentrics to supply pressure and
is adjustable for various sizes of small frames.
Dovetail slots in the baseboard carry the eccentric
units. Jigs may also be simple and designed for a
single purpose.

PRODUCTION METHODS AND EQUIPMENT

Clamping and gluing operations in industry are
carefully planned and controlled. High efficiency is
secured through the use of modern adhesives and
the wide range of gluing equipment and machinery
now available, Figs. 9-40 through 9-42.

Fig. 9-36. Top. Patented spring clamps. {Arvids lraids) Bot-
tom. Another style of spring clamp. (Grizzly Imports, Inc.)

(Adjustable Clamp Co.)

Fig. 9-37. Veneer press.
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Fig. 9-39 Clamping jig for small frame. Pressure is supplied
by eccentrics.

Fig. 9-40. This glue spreader applies adhesive to both the top

and bottom surfaces of edge-glued lumber core stock. Even- Fig. 9-41. A large air pod platen press. It is used to laminate
tually it will be bonded with veneer or high pressure decorative flat stock such as plastic-faced panels, table tops, hollow-core
plastic laminate. (Black Brothers) flush doors, partitions, and countertops.  (Black Brothers)

P S
| QHX'HIZER
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SPACER
STOP WAND

Fig. 9-42. Modern edge gluing machine for lumber 5/8 in. to 2 in. (16 mm to 51 mm) thick.

Conveyor carries stock over glue applicator and stops when pieces contact the stop wand.

Operator takes stock from top conveyor and lays up panels. When load is complete, it is moved

into press by lower conveyor. Steam heated platens are pressed against the panel surfaces

by air bags and edge pressure is supplied by air cylinders. Joints cure while operator lays up
next load. (James L. Taylor Mfg. Co.)
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Production spreaders can apply a precisely con-
trolled film of glue to thousands of square feet of
surface per hour. Pneumatic and hydraulic cylinders
operate clamping devices and press platens
smoothly and rapidly and provide the right amount
of pressure.

Thermosetting resin glues used with steam, hot
water, or electrically heated platens reduce the
setting and curing time to just a few minutes. This
feature, combined with automatic controls and
equipment, permits one worker to glue edge joints
in several thousand board feet of stock per day.

High frequency gluing has greatly reduced the set-
ting anid curing time for certain assemblies. In this
type of gluing, high frequency (2 to 30 megacycles)
radio waves are used to supply the heat. With
heating methods commonly used (steam, hot water,
and electricity) to apply the heat to the surface of
the wood, some time is required for it to ‘’soak in"’
to the glue line. With high frequency gluing the radio
waves penetrate to the glue line immediately and
the glue is set and cured in less than a minute even
though the stock or lay-up is several inches thick.
Fig. 9-43 shows a high frequency gluing operation.

Fig. 9-43. Top. High frequency press with 30 kW generator.
Dies are made of wood with a metal face that serves as the
electrode. Press is closed and pressure applied by hydraulic
power. Bottom. Removing finished panel, which will be used
for serpentine drawer fronts. (Lodge and Shipley Co.)

TEST YOUR KNOWLEDGE, Chapter 9

Please do not write in the text. Place your
answers on a separate sheet of paper.
1. Adhesives are made from:
a. Rubber-based materials.
b. Natural materials.
c. Synthetic materials.
d. None of the above.
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11.

12.

13.

Glues are made from:

a. Rubber-based materials.
b. Natural materials.

c. Synthetic materials.

d. None of the above.

_ and

types of adhesives.

List the six types of thermoplastic adhesives.
is frequently called

are the two basic

"“super glue.”’

. Which of the following is NOT a type of

thermoset?
a. Resorcinol-formaldehyde.
b. Epoxy.
¢c. Phenol- and melamine-formaldehyde.
d. Mastic.
e. All of the above.
glue is a powdered glue that tends
to stain certain woods.

. When gluing a complicated structure, it is best

to make several __rather than do all
the gluing at one time.

What is spreading?

The greatest pressure can be applied by
tightening the (middle, end) spin-
dle of the hand screw.

Excess glue or squeeze-out on edge joints
should be removed after it has hardened by
usinga .

What are the two basic types of contact
cement?

Name the four basic types of mechanical tog-
gle clamps.

ACTIVITIES

Prepare a chart that will provide information
on adhesives commonly used in woodwork-
ing. List the kinds of glue along the left side
of the chart and use such headings as prepara-
tion, assembly time, application instructions,
and disadvantages across the top. Secure data
from container labels, manufacturer’s book-
lets, and reference books.

Conduct an experiment in curing thermoset-
ting adhesives with heat. Use several kinds of
joints and apply heat with such items as a
discarded electric iron, heating pad, or infrared
heat lamp. Prepare a written report of the
results and include practical suggestions on
how heat may be used to cure glue joints in
the school shop.

Select or develop a working drawing for a small
article, such as a book rack, wall shelf, box,
toy, or model that includes some special glu-
ing and assembly problem. Make design
sketches of an assembly jig that would simplify
and/or insure accurate construction. Include
a written description of how it would be used.



Metal fasteners for woodworking include nails,
screws, staples, bolts, splines, and many special
items. Fasteners are used in nearly every type of
construction. Nails and screws are still the most
common. However, in industrial production where
the work is done with power drivers, staples and
patented fasteners are used extensively.

Fig. 10-1 includes a selection of hammers,
screwdrivers, and other hand tools used to apply
the more common wood fasteners.

Fig

. 10-1. Hand tools used to apply metal fasteners.
(The Stanley Works)
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HAMMERS

Two shapes of nail hammer heads are in common
use: the curved claw and the ripping (straight) claw.
The curved claw is the most common and more
suitable for pulling nails. The ripping claw can be
driven between fastened pieces and works some-
what like a chisel in prying them apart.

The parts of a standard hammer are shown in Fig.
10-2. The face can either be flat or have a slightly
rounded convex surface (called a BELL FACE). The
bell face is used most often since it will drive nails
flush with the surface without leaving hammer
marks on the wood. The hammer head is forged of
high quality steel and heat treated to give the poll
and face extra hardness. The size of a claw ham-
mer is determined by the weight of its head. It is
available in a range of 7 0z. to 20 o0z. The 10 oz.
and 13 oz. are good sizes for work in the school
shop. Carpenters usually select the 16 oz. or 20
oz. size for rough framing.

The hammer should receive good care. It is
especially important to keep the handle tight and
the face clean. If the handle becomes slightly loose

/ HANDLE

FACE

Fig. 10-2. Parts of a 16 oz. nail hammer with rip claw.

{Stanley Tools)
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bit can be tightened by immersing the head in
linseed oil and leaving it for several days. It can also
be tightened by driving the wedges deeper or in-
stalling new ones.

NAILS

One of the easiest ways to fasten wood together
is with nails. Nailed joints are not as attractive or
strong as glued joints, but they are practical for
packing boxes, crates, house frames, or for finish
work where the nail heads can be covered.

There are many kinds and sizes of nails. Standard
types that you should be able to identify are shown
in Fig. 10-3.

Nails are usually made of mild steel. However,
some are made of aluminum and others of mild steel
with a galvanized coating for exterior work. The
COMMON NAIL has a heavy cross section and is
used for rough carpentry work. The lighter BOX
NAIL is used for light construction, crates, and
boxes. The CASING NAIL is the same weight as the
box nail, but has a small conical head. It is used in
finished carpentry work to attach door and window
casings, and other interior trim. FINISH NAILS and
BRADS are quite similar, and have the thinnest cross
section and the smallest head. They are used for
a great variety of small construction work.

The nail size unit is called a PENNY and is ab-
breviated with the lower case letter d. It indicates
the length of the nail. A 2d (2 penny) nail is 1 in.
long. A 6d (6 penny) nailis 2 in. long. See Fig. 10-4.
This measurement applies to common, box, casing,
and finish nails. Brads and very small box nails are
specified by their actual length and gauge number.
The gauge number varies from 12 to 20 with the
highest number being the smallest diameter. Nails
are priced and sold by the pound.

Fig. 10-5 shows a few of the many specialized
nails available today. Each is designed for a special
purpose with either annular or spiral threads for in-
creased holding power. Some nails have special
coatings of zinc, cement, or resin. Coating or
threading a nail will increase its holding power to
three or four times that of a smooth nail. These and
various other forms of nails are made of such

<3 — m!,uu.ql COMMON
%Mﬁ BOX
<T = g =l CASING
e =———————=——— ) FINISH
| BRAD

Fig. 10-3. Kinds of common nails.
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