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FOREWORD

This curriculum guide was formulated by a committee under the auspices
of the Missouri Council for Industrial Arts Education. In preparing and
publishing the curriculum guide, the appointed committee, cooperating
with supervisory personnel of the State Department of Education, worked
toward the goal of initiating and improving woods and wood technology
instruction in Missouri.

The guide is designed to aid teachers in establishing course objectives
and course content, as well as planning teacking methods and evaluation
procedure. It is intended that the individuals and groups that review and
use this publication will find the suggested content, activities and teaching
aids presented in a manner that will enable the user to adopt or adapt them
in & meaningful manner.

The background experiences of the members of the woods and wood
technology committee incladed a variety of teaching experiences and
educatjonal qualificagjons so necessary in formulating a functional
‘publication of this type. The donation of time and effort by committee
members indicates the importance they place on woods and wood
technology in industrial arts and in the overall education program. Special
recognition also goes to the state and national professional industrial
education organizations whose materials were reviewed.

Gkt Wil

COMMISSIONER OF EDUCATION
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INTRODUCTORY COMMENTS FROM
THE WOODS CURRICULUM COMMITTEE

It is the opinion of the Woods Curriculum Committee that industrial arts woodworking in Missouri
has primarily and traditionally been directed toward only one area of the vast forest products

‘industries, that of furniture and cabinet construction. Fabrication of large products such as furniture

or cabinet work is expensive. time consuming and has limited the viewpoint of the general education
industrial arts woodworking student and his investigations into other equally important areas of
forest product industries.

The continued production of finished products in the various process areas is still the best method
to motivate and hold the interest of our woodworking students. A comprehensive approach is
recommended whici: will necessitate the construction of smaller products but will permit investi-
gations in at least three or more of the seven process areas listed in the woods curriculum guide.
Conventional manipulative woodworking activities have not been removed in this approach but are
included in their proper perspective according to the level of instruction and units covered.

Related information, sequence studies and drawings in each of the procv  .reas have been
included in the curriculum guide giving suggested methods, techniques, procedures, equipment and
supply sources. This guide will aid the teacher in broadening the scope of his or her industrial arts
woodworking curriculum.

Several of the process areas listed in the guide could lend themselves very well to the
material-science approach rather than the product oriented approach. It is the committee’s opinion
that industrial arts woodworking should continue to have 2 product orientation, especially in Levels
I-HIl.

Each of the areas included in the guide has a complete set of equipment drawings to enable the
industrial arts teacher and/or students in Levels III and LV to fabricate and assemble the process
equipment for use in the industrial arts laboratory. Level Il and IV students should welcome the
opportunity te re-design and/or construct equipment useful to their class activities. In the teacher
preparation programs of the undergraduate, selected process equipment may be consiructed in a
college or university special problems or investigation type course. For the postgraduate, it is
suggested that the teacher take advantage of in-service type workshops being held to familiarize
teachers with the various process areas covered in the guide.

Equipment can presently be purchased for all of the process areas with the exception of the Wood
Plastic Composition (WPC) unit. School equipment and machine suppliers have indicated that this
and other specialized pieces of equipment are now being developed and should be available in the

near future. Adaptation of existing equipment can make this a worthwhile experience for teachers
and students. )

The unit method presently being used to teach industrial arts woodworking (furniture making) can
still be elected by Level 11l or IV students to continue his educational manipulative experiences and
investigations in greater depth. It is also possible to add one or more of the other process areas to
enrich the traditional approach in the teaching of industrial arts woodworking.

The commiitee urges you to carefully read and study the entire guide and weigh the advantage of

this ‘'general shop'’ type of approach to the teaching of industrial arts woodworking. particularly
in Levels I and II. '
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POINT OF VIEW AND OBJECTIVES

A principal purpose of American education is to assist each individual in his development as a
preductive member of society. The achievement of this purpose enables him to provide for his basic
need- . to produce more than he consumes, and to contribute more than he receives. It also involves
the development of ideals ‘and goals, the acceptance of social responsibility, and the acquisition of
desirable character traits.’

Behavorial changes within the individual are effected through experiences and the interpretation
of these experiences. The experiences provided by the school permit one to acquire the skills and
knowledges which allow the individual to develop to his maximum potential with profit to himself and
society. The learner’'s interpretation of these educational experiences provide for the further
development of desirable character traits which lead to the wise application of the acquired skills and
knowledges.

Industrial arts contributes to the purpose of American education by aiding individuals as they gain
an understanding of their industrial-technological environment. In order that each individual may
understand and learn to exercise some control over this environment, experiences in industrial arts
must be an integral part of the overall educational program for all students, both boys and girls, and
should be available at all grade levels. The importance of this experience is recognized in Missouri
where credit in the practical arts, which includes industrial arts, is a secondary school graduation
requirement.

Industrial arts education provides an opportunity for individuals to participate in direct experiences
involving industrial skills and processes which foster an awareness of industry in American culture.
These experiences are concrete, meaningful, and educational as they aid the individual in
understanding abstract ideas. These experiences provide opportunity for an individual to apply
mathematics, science, art, language arts, and other school subjects in purposeful situations.

Through the application of grouping and special instructional techniques, industrial arts in the
secondary scheol can be organized to meet the needs of students of varying abilities. Individuals
expecting to enter professional occupations as well as future industrial workers should benefit from
industrial arts experiences. The need for industrial arts instruction has little relationship to the
economic status of the student, Every person must be aware of and familiar with the concepts taught
in industrial arts education if he is to live effectively in our industrial society.

Industrial arts education aids in the discovery and development of perscnal interests, aptitudes,
creative thinking and ‘echnical abilities. Responsible and resourceful actions and judgements are
matured through probiem solving and self-expression in an environment related to industry. The
future scientist or engineer may learn to solve technical problems, and the future technician or
craftsman may devlop skills and related understandings in industrial arts courses.

Realistic objectives, clearly stated, are essential to a sound program of industrial arts education.
The following statements of purpose are fundamental to quality industrial arts education as it
provides opportunities for students to:

Develop an insight and underwtanding of fools, machines, materialy, and processes as they relate to the production and
servicing aspects of indastry .

The field of industrial arts education is concerned with the study of materials and processes of
industry and the creative use of design. Students of industrial arts education have an opportunity to
gain a better understanding of mass production. automation, and other industrial methods if they
actively participate in meanir.gful experiences dealing with the manufacturing of consumer goods,
utilization and generation of energy as well as the servicing, testing. and repairing of industrial
products.

Xi



Discoser and deselop abilities, aptitudes, and interesta related to the techaical porsults and applied sclences.

Oppeortunities for students to have experiences which assist in the discovery of abilities and to
develnp their potentialities to the fullest is essential to the basic education of all youth. Allowance for
differ-nces of abilities, interests, and needs should be incorporated into the curriculum offerings so
the student can better assess his abilities and interests for making an occupational choice,

understanding his environment, and preparing himself to meet the changing demands of a
technological society.

mmmmmmmmmmdmumﬁmm.m.mm.

Students are provided with experiences which help them develop basic skills relevant to industrial
production: and servicing through these experiences, students gain a basis for making occupational
choices. In addition, the skills provide a basis for a specialized occupational preparation. Many
workers of the future will be required to train and retrain for different occupations during their
lifetime. Fundamental skills and knowledge in diversified areas is most essential if this retraining is
to be accomplished in an efficient manner.

Develop problem-salving and creative abllities relating to the tools, machines, materinle, processes, and products of
fndustny .

The industrial arts education program provides opportunities for solving various :-ves of technical
problems through experimentation and rescarch as well as project planning and construction. The
industrial arts laboratory setting provides an environment which makes possible a concrete,
understandable approach to teaching problem-solving and critical thinking. Problem-solving in
industrial arts education involves creative thinking and provides experiences which allow students to
find solutions to problems and to evaluate the effectiveness of these solutions.

A brief overview and specific applicable objectives for Levels 1-1V may be found on pages 1-3,
immediately preceding the Student Activities and Teacher Techniques section.

*Taken from the Handbook for Industrial Arts Education, Missouri State Department of Education,
1969.

Legislative Consideration

The definition of vocational education in Federal legislation was supplemented to include industrial
arts education in 1973, The Federal Register, Vol. 38 No. 244-Wednesday, Nov. 21, 1973, carries the
rules and regulations for this legislation. More specifically these rules and regulations indicate that
industrial arts educational programs_shall be designed to:

(i) Assist individuals in making of informed and meaningful occupational choices.

(ii} Prepare individuals for enrollment in advanced or highly skilled vocational and iechnical
educational programs.'

Both of these objectives are included in the previously stated objectives quoted from the Handbook
for Industrial Arts Education.

xii



INTRODUCTICN TO WOODS AND WOOD TECHNOLOGY

Wouod is man’s most intimate material. He is in daily contact with it in some form throughout his
life. Woad is the major materinl in his home, his furniture, his newspapers, magazines and books,
and in more than 5,000 other products made for his necessities, comforts and pleasures.

Wood in all forms is an intriguing material. All who work with it are constantly challenged by its

many properties, uses and vast potentials: they are stimulated by wood's beauty, warmth and other
characteristics that many materials so often imitate. but never equal.

Woad is not a material of the past. It actively serves the present, and offers hundreds of untapped

uses for the future. Only by proper instruction in both the classroom and laboratory manipulative
experiences in the basic properties and current uses of wood can the importance and potentialities of

wood be recognized. Woodworking classes should offer sound. fundamental knowledge that is
applicable to modern living.

The systematic study of industry and technology is an essential part of the education of all youth
from the elementary school through college. At each educational level, the subject is organized to
take advantage of the interest and needs of the students,

The various levels, IV, referred to in this woodworking guide has reference to the re-alignment of
industrial arts curriculums developed by the various Curriculum Development Committees. A brief
summary of the chart found in the bulletin Handbook for Industrial Arts Education, Missouri State
Department of Education, p. 2-2, 1989, follows:

Level I, exploratory industrial arts (general shop), should be required in the middle and/or junior
high school. The course is exploratory in nature and provides an opportunity for all students to
become oriented to a number of content areas in industrial arts,

Levet [l courses are designed as elective education beginning at the ninth grade and are built upon
the exploratory experiences provided at Level I. These courses promote unique interests, needs and
abilities of individuals rather than those common to all.

Level HI courses are advanced technical courses designed to provide experiences in a rather
specialized phase of a single content area of industrial arts and must, or should be preceded by a
Level Il course in the same content area. Although these courses are quite specialized, their primary
purpose is to meet the more unique interest and needs of the individual and not to prepare him for a
specific occupation.

Level IV courses should meet the speciulized needs of youth. The strength of industrial arts
offerings at this level is in its adaptability to new conditions and new circumstances.

The seven selected process or content areas of woods and wood technology that made up the

curriculum guide are presented in a brief overview on the following pages and illustrate applicable
technigues, processes and products for your industrial arts woodworking curriculum.



-~ WOODS AND WOOD TECHNOLOGY:
TECHNIQUES, PROCESSES AND PRODUCTS

1. WOOD LAMINATION

Wood lamination is not a new process. however many ot <he applications of the current techniques
of laminations are relatively recent in origin. Stacked wooa veneers are capable of being bent and
glued to conform to a surface which has a marked curvature as illustrated in Figure 1-1. Laminates,
flat or curved, are fabricated by sandwiching adhesive covered veneers in a mold or form and bonded
under pressure. Laminates are under internal stress at all times and like solid wood resacts to
humidity in an expanding or contracting movement, therefore making it necessary to design the
form, mold or caul to the final equilibrium moisture content shape of the finished product.

Lamination is important to the industrial arts woodworking student because of the design
possibilities it offers. The process permits designs which are lighter in weight, exceptionally strong
and much less wasteful wood than products constructed from solid wood. Lamination provides an
opportunity for the student to improve an important natural material without sacrificing its inherent
beauty and without undue waste of materials.

Laminated Napkin Holder with Jig and Fixtures {Fig. 1} In-Out Tray with Jig and Fixtares |Fig. 2}

The individual industrial arts woodworking student will find the possibilities of wood laminations
fascinating. The laminated napkin holder (Fig. 1) has been selected as a product, or as a guide for
products L. be developed in Level I. The in-out tray (Fig. 2) has been developed to challenge the Level
H industrial arts student in his first year of woodworking. The in-out tray will introduce the student to
a more complex product than the napkin holder and combines laminated components with solid wood
construction. Level Il and IV woodworking students will discover the area of wood laminations to be
a challenge to their creative abilities and a continued development of their manipulative skills.

H. PEG DIFFUSION

PEG (polyethylene glycol) treated wood is permanently kept from shrinking, swelling or warping
regardless of the atmospheric humidity to which the finished product will be subjected. PEG. a white
waxlike material developed by Forest Products Laboratory at Madison, Wisconsin, when properly
diffused into individual wood cell lumens and walls will have a bulking effect that tends to stabilize
wood in use. This treatment allows various species of wood with different specific gravities to be
combined in a single product.

Green wood or wood with a moisture content above the fiber saturation point, treated in a 30-50¢%
water solution of PEG and dried to equilibrium moisture content, can be machined, sanded and
finished into aesthetic or functional products by industrial arts students in Levels 1 and 1. Continued
research, development and construction of treatment and drying equipment is recommended for
woodworking students in levels III and IV.

xiv



Elevated temperatures of the PEG solution in a Thermo Tank (Fig. 3) is not absolutely necessary
but will shorten the long diffusion time required by the cold or room temperature method. Drying of
PEG treated woods can be accomplished under rather drastic heat conditions in a kiln or drying
chambor. The Automatic Drying Chamber (Fig. 4) can cut down on the drying time enabling
woodworking students to coutinue their hand or machine laboratory operations without the long delay
required when using the room temperature drying method.

PEG Diffusion Process {Fig. 3] | Drying Unit {Fig. 4]

The PEG diffusion process opens up a new field of conservation and marketability of waste tree
parts that can be developed into a variety of products limited only by the imagination and ingenuity of
woodworking industrial arts students.

{if. WOOD FLOUR AND/OR PARTICLE MOLDING

Particle, ply and plastic molding in the Trio Press will give the woodworking student an
opportunity to produce a product (molded wood), component (plastic disc) or fabricate materials (ply
or laminated wood) to use in other laboratory experiences.

Current processes of molding wood consist of mixing wood particles with thermosetting synthetic
resin adhesives, depositing the mixture into the cavity of a heated mold (Fig. 5) and applying
pressure hydraulically until the curing of the resin is completed. The mold is then opened and the
molded product can be removed in a nearly finished condition. (Fig. 6)

It is recommended that the Level I student not only perform wood particle molding operations, but
that he be permitted to prepare wood particle-resin molding mixtures, weigh out molding charges
and beauty moldings by means of various finishing operations. Level Il woodworking students could,
in addition to the molding operations, design a mold, fabricate a pattern and cast an aluminum mold
which will produce an item displaying his original design. Level III and IV students should have the
skills and ability to construct the Trio Press and conduct further research with the process of molding
wood particles.

In addition to molding wood particle coasters or other individually designed products the Level 1
student can utilize scrap thermoplastic pieces and produce a disc in the test die to be used in
fabricating a product for the plastics area. Plywood or laminated blanks can be used in fabricating
switch plate covers as illustrated. (Fig. 111-2)
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Moided Wood Particle Coaster [Fig. 6}

e . : i

Wood Particle Coaster Molding Charge |Fig. §]

1v. PRODUCTION PRODUCT OF INDUSTRY

The production product of industry is possibly better known in industrial arts curriculums as Mass
Production: Principles, Applications and Operations.

A better understanding of industry should be one of the objectives your students will encounter in
his woodworking courses. Industrial arts students should have an opportunity to participate in
simulated situations which will allow them to experience social and technical problems similar to
those they will meet in adult life. The production product can be used for skill development, will
involve problem solving, creativity and serve as a unifying experience for developing a
comprehensive conception of industrial systems.

Mass production can become an extremely complicated and time consuming study. However, it is
recommended that it be ju-t one of the several areas deveioped and utilized in woodworking courses.
Informational content in the form of class discussions. reports, homework and committee activities

should prepare the class for a ‘production run’.

The product. interior window shutters {Fig. 7). has been redesigned and process analyzed (Fig. 8)
to give students of a Level Il woodworking class an opportunity to plan, redesign, organize, set-up
and produce a product. It is recoiumended that this unit of study be instituted near the end of the
regular school year.

It is anticipated that the production product will be attempted by the class only after the students
have developed an appreciation of wood, its propcrties and potentials for use in our society. To
provide the most effective learning situation the students involved should have gained a satisfactory
level of skill with hand and machine tools and an understanding and appreciation of processes needed
for a successful completion of the product selected.

The drawing and procedure for developing this product has been set up in a conventional ‘plans
and steps type of industrial arts project’. In order to note the difference between a ‘project plan and
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Assembly of an Interlor Window Shuster [Fig. 7]

Window Shautter [Fig. 8]

steps” and the procedure used by a large wood products industry, an industrial assembly of sheets’
has been worked out for your information, study and use.

Adaptation of the design: jigs and fixtures for production and assembly; areas, machines and
processes to be used; assignment of machine operations: inspection and control personnel are just a

few of the many phases of industrial production units to be worked out by woodworking students in
Level Il and IV.

V. WOOD PLASTIC COMPOSITION (WPO)

Wood impregnation by the Wood Plastic Composition (WPC) upgrades wood as a structural
material by increasing its strength, hardness, abrasion resistance, durability and dimensional
stability. The improved wood has resistance to mildew, fungus, i oct attack and can be made fire
retardant by the incorporation of appropriate chemicals. WPC modified wood accentuates the grain
pattern, especially when dyes are included in the liquid monomer mixture. No surface coating is
required on the impregnated wood but finish can be applied if desired for special decorative effects.

Modified-wood-plastic materials are compatible
and adaptable to contemporary industrial arts
curriculums. The WPC Wood Impregnation Unit
(Fig. 9) can be fabricated by Level III or IV industrial
arts students to impregnate wood in the industrial
arts laboratory. This type of facility would provide
the industrial arts woodworking program with a
replication of a realistic, contemporary industrial
process and also provide a less expensive source of
modified wood fur products produced by wood-
working students in Levels I and II. :

This process of wood maodification is also known as
Methacrylated Wood. This term refers to the com-
posite structure formed by impregnating the lumens
of wood with monomer, methyl methacrylate
(the polymerized form is better known as Lucite) and
hardening the plastic monomers. Two processes for
bringing about the polymerization of methy!
methacrylate in wood are in commercial use
today. The first method is used by industries such as
ARCO Chemical Company of Philadelphia, Pa.,
manufacturers of ‘Perma Grain' wooc-plastic
composite flooring. This company hardens the liquid WPC Wood Impreguation Unit [Fig. 9]
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plastic by nuclear radiation. The second method uses a chemical initiator. The preferred initiator or
catalyst is Vazo: it is efficient and inert to degradation by chemicals in the wood. The Vazo powder is
disolved in the monomer just before impregnating the wood.

The chemically initiated methacrylation process is adaptable to industrial arts facilities and
involves the following four steps:

1. Evacuating the air from the pores or lumens of kiln-dried wood.

2. Immersing the evacuated wood in methyl methacrylate containing a chemical initiator.
3. Releasing the vacuum to impregnate the wood with monomer.

4. Polymerizing the monomer within the wood by gentle heating.

The modified wood produced by this process is twice as hard as*the initial wood. Density and
specific gravity will double, as well as sheer strength both parallel and perpendicular to the grain. An
additional feature of WPC materials is built in, no finish is required on the completed product!
Suggested broad area uses for industrial arts products or components of products constructed from
WPC or methacrylated wood are: handles, furniture, building materials, musical instruments,
marine construction and sporting equipment. Industrial arts woodworking students through all levels
I-IV will find this improved wood an exciting medium to work with.

Vi. RESIDENTIAL CONSTRUCTION

o
Residential construction. with scaled-down models, should be a part of the industrial arts
woodworking curriculum in Levels Il and III.

Models of ‘light’ construction, adaptable to woodworking classes. could include homes, farm
structures, small churches, schools, commercial and industrial buildings. Homes or residential
buildings. one of lumber’s largest markets, amounts to more than a million houses a year. Of these,
four out of five are of wood construction. each averaging 10,000 board feet of lumber.

Itis extremely important that every IA student be given an opportunity to acqure some knowledge
of good home design and basic building construction methods. This area of woodworking will enable
him to buy or build wisely, thus solving many building problems even though he may not enter the
building industries. Residential construction model building should not be vocationally oriented,
however :tudents will have learned concepts of a large phase of the wood industry.

The house pians selected to aid in the
residential construction unit has been
divided into 4 sections as noted on the
floor and foundation drawings. This
method will allow a team of students to
construct a section of the house at varied
times during the school year. After all
sections have been completed. the four
sections could be moved into the proper
pusition showing the assembled struc-
ture in its proper perspective.

The recommended scale is 112 inch
equals | foot and was used on the

with Wall Frame Jig [Fig. 10]
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teaching model shown in figure 10, Also shown in the illustration is a wall frame jig, a construction
technique that lends itself to the mass-production, assembly-line basis in factories. This concept,
modular construction, is one of the latest steps r -ay from the traditional method of building homes:
it is more efficient and less costly. Other techniques in the building construction industries, materials
and processes can be researched and developed by Level 1V industrial arts woodworking students.

Vil. WOOD STRUCTURE, PROPERTIES AND IDENTIFICATION

A study of wood structure, its properties and methods of identification is essential to our IA
woodworking students to aid in their selection of appropriate materials for product development.

Modern wood industries devote considerable time to analysis, evaluation, and selection of
materials appropriate to a given product’'s physical, mechanical, and environmental requirements.
QOur industrial arts classrooms and laberatories should be areas where research and experimentation
can be applied to better understand the complex structures of the basic raw material we use. wood.

Wood is so commonplace that we take it for granted. The solid piece of wood used in our products,
when viewed under a microscope, becomes intricate arrangements of strong, though tiny cells seen
as either ring porous. diffuse porous or non-porous structures. This network of cells may also be seen
if the surface or edge is trimmed with a sharp knife or single edge razor blade and either viewed with
the unaided eyve or with a 10x hand lens.

The majority of wood cells are long and thin with tapered ends, rather like hollow toothpicks.
Fibers. one type of cell in hardwoods, are actually very minute, approximately 1/25 of an inch in
length. Tracheids. a type of cell in softwoods are about 1/8 of an inch in length or about 4 millimeters.
Most hard and softwood cells are tapered in shape and have their length dimension nearly paratilel to
the long direction of the tree stem. Whether we see the large or small dimension of the cell depends
on how the wood is cut.

Generally. for structural purposes, woods are divided into two groups, hardwoods and softwoods.
Softwoods consist of the cone-bearing trees which have needles or scalelive leaves such as the pines,
spruces and firs. Woods from this group are considered non-porous. Hardwoods consists of broad-
leaved trees which usually drop their leaves in the fall. Woods from this group have diffuse or ring
porous cell structures. These include the oaks, ashes, birches, maples and many others commonly
used in our woodworking courses. The separation into these two groups does not mean that all
hardwoods have harder wood than the softwoods but it is a convenient way to divide woods based on
their cell structure.

An excellent manual has been prepared by Forest Products Laboratory of the Forest Service, 17.8.
Department of Agriculture, entitled, Classroom Demonstrations of Wood Properties. This manual

will aid woodworking teachers in L i
demonstrating some of the properties of é : - .
wood and how these propertes relate to - i ) |

the cellular structure of woog. These
demonstrations can be used in Levels
I-1V and can be expanded to meet the
needs of particular students.

The Wood Study Center shown in Fig.
11 illustrates a variety of materials to aid
students in woodworking courses to
better understand the basic materials
used in their laboratory manipulative
experiences.

Waed Study Center {Fig. 11]
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OPPORTUNITIES UNLIMITED *

The forest products industries, oldest in years but youngest in opportunities, offers prestige and
profit to those who choose this exciting field for their future careers. Major career areas in the forest
products industries are: forestry. manufacturing, wood sciences and technology, research and
development. marketing and information and communications. Each area has multiple fields for
specialists in technical and non-technical activities. Private industry is the largest employer of forest
products technologist. There are also many career opportunities in the wood research and forest
utilization programs of fecderal and state agencies.

The construction industry, largest lumber consumer, is open for men and women trained in
designing and fabricating wood. There are also fine career opportunities in the teaching profession.
Energetic students who choose careers in the forest products industries will find a broad field with
multiple opportunities and only limited competition for top positions.

Wood industries are ever mindful that trees are a renewable resource and are consistently expand-
ing their scientific efforts in growing timber as a crop and in developing more and wiser uses of each
tree harvested. this foresight assures an endless supply of raw materials with which to fill demands
for wood products. These industries enjoy a stability that justifies their investments of billions of
dollars in land. equipment, and selection and training of employees.

Activities in the wood fields present a challenge and fulfillment. There are no dull moments for
technical workers in the forest product industries. They enjoy sights and sounds in the forest, mills
and pilants. They find thrills and excitement all the way from tiny seedlings growing tomorrow's
timber crops to giant wood trusses or arches in a modern timber building.

This curriculum guide has been organized to aid the woodworking teacher in developing a more
complete course of study and presenting a more challenging woodworking program for intermediate
and secondary school students in the state of Missouri. Each teacher using this guide should make
adaptations to meet his or her teaching conditions found in the laboratory and/or classroom facilities.

*Wood Industry Careers. National Forest Products Association, 1619 Massachusetts, N.W., Wash-
ington. D.C. 20036.
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LEVELS INTRODUCTION AND SPECIFIC OBJECTIVES

¥
Level 1- Exploring Woods and Wooed Technology

~ In exploratory industrial arts (general shop), emphasis is placed on breadth of experience rather
than depth: therefore, experiences should be provided in as many basic technical areas as possible.

All students should experience at least two, and if possible three, of the listed wood process areas
during his or her general shop course. If the school enrollment justifies oniy one industrial arts
facility it would be necessary to equip the facility with the tools and equipment essential to conduct an
exploratory program in all content areas. o

Specific applicable level objectives to support the earlier stated Point of Vibw and Objectives are:

To develop an interest in wood product industries.

To develop hand and/or power-tool and machine-tool skills and recognize quality workmanship.
To develop safe working habits.

To develop an appreciation of good design and how to select industrial products wisely.

To develop an orderly procedure in fabricating wood products.

To explore the occupational opportunities of the woodworking industries.

Level II - Wood Technology

While the content and experiences at Level I are designed as general education that provides
common learnings desirable for all, Level 1l courses are designed as elective education beginning at
the ninth grade and are built upon the exploratory experiences provided at Level 1. Level II courses
promote unique interests, needs and abilities of individuals rather than those common to all.

All students should experience at ieast four, and if possible five, of the listed wood process areas.
The course content area is arranged so that if a process area is repeated the suggested content and
product will justify the repetition. .

Specific applicable objectives to support the earlier stated Point of View and Objectives are:

To provide basic work experiences which are applicable to the woodworking indusiries.

To develop an awareness of the vast forest product industries.

To develop the students ability to use and care for the common hand and power woodworking tools
and machinery.

To develop ability in the areas of designing and planning.

To develop desirable safe working habits and practices.

To explore the occupational opportunities of the woodworking industries.



Level 11 - Advanced Woed Technology

Level NI courses are advanced technical courses designed to provide experiences in a rather
specialized phase of a single content area. This level is not to be just an extension or continuation of
‘competencies developed at Level I, but should provide an opportunity for the study of new phases
related to the content «xperienced at Level II. The primary purpose should be to meet the more
unique interest and needs of the individual and not to prepare him for a specific occupation.

Specific applicable objectives to support the earlier stated Point of View and Objectives aro;

To provide aoccupation information about the specialized wood product industries.

To develop additional skills in the estended and specialized uses of power and hand tools.

To provide khowledge of current industrial processes and materials used in the wood product
industries.

Te provide & study of construction techniques applicable to a chosen wood product industry.

Level 1V - Specialized Wood Technology

Recognizing that the role of industrial arts at this level is to meet the specialized needs of youth, it
is not logical to expect that a standardized program could be proposed that would be equally effective
in all senior high schools. The strength of industrial arts offerings at this level is its diversity and its
adaptability to new conditions and new circumstances. Decisions regarding specific content
organization, methodology as well as the nature of the learning activities are dependent upon the
needs, abilities. and interests that characterize a given group of students to be served. The following
suggestions are typical of those that may be considered after a study of student needs. interests. and

abilities has been made.

A specialized course which would deal primarily with research and experimentation related to
materials and processes could be established for students who are seeking greater understanding
and application of the principles and concepts of the physical sciences .nd mathematics.

While the nature of an industrial arts program is such that a great deal of individual and small group
instruction is undertaken. the distinct and separate needs of both the slow and rapid learner are less
likely to be met in classes where the range of ability is too broad. Separate classes for the slow and
rapid learners are desirable to supplement the basic program in a school.

Cooperative experiences can be designed between industrial arts and other subjects such as:
mathematics, science, and art to provide opportunities to apply knowledge gained through these
other courses.

Another type of class for technical instruction, but not restricted to the gifted student, could te
designed for those preparing for future careers in a technologically oriented area such as

engineeriug.

Many students with semi-skilled occupational interests are deprived of an opportunity for specific
training due to the lack of an appropriate program. A specialized course might be organized that



would give a greater amount of attention to skill development and work orientation than the typical
industrial arts courses given,

Cours.-s designed especially to contribute to the development of leisure time interests of youth and
adults may be organized.

Specific applicable objectives to support the earlier stated Point of View and Objectives are:

To stimulate the students’ interest in research in the area of wood products, methods and techniques,
and fabrication processes of the wood industries.
To provide an opportunity for students to work in the areas of their special interest.




WOODS AND WOOD TECHNOLOGY

Course Content. Activities. Techniques. Processes & Products

Level 1 - Exploring Woods & Wood Technology
Level 11 - Wood Technology

Level Il - Advanced Wood Technology

Level IV - Specialized Wood Technology

Your attention is called to the following course content section. With the re-alignment of Industrial
Arts curriculums into the various Levels, I-1V, it was felt that the scope of the process areas could be
more effectively surveyed and utilized by tae administrator, teacher, and student if listed
consecutively by levels. )

Suggested textbooks, page references and visual aids have been listed in the various levels to
assist the teacher in covering the procers areas. Other reference books or future editions of the
suggested textbooks can be used succrssfully with the listed course content. This method of content
organization should serve as an aia to the teacher.

The progressive arrangement of the areas and processes, by levels, will enable the teacher to
select informational content according to the background abilities, and objectives of the various
classes or levels under consideration.

It was not the intentions of the woods curriculum committee that students in a given class or level,
construct only the products in the guide but to use the information to design and produce similar
products in the process areas. Administrators, teachers, and students should continue to update and
expand the woods curriculum as new areas and processes are developed, using this guide as an
example of the multi-process area approach to the teaching of woods in our industrial arts programs.

Sugyested Textbooks, Levels I-IV

I Groneman. Chris H. and John Feirer. General Shop: Fourth Edition. McGraw-Hill Book
Company, St. Louis, Missouri (533pp.). 1969,

Il Feirer. John L. Woodiworking for Industry and Woodworking for Industry Workbook.
Charles A. Bennett Company, Incorporated, 808 West Detweiller Drive, Peoria, Illinois
61614 (672pp.). 1971.

Il Zook, Wayne H. Constructing and Manufacturing Wood Products. McKnight Pubtishing
Company, Bloomington, Illinois 61701 (475pp.). 1972.

IV Feirer. John L. Cabinetmaking and Millwork and Cabinetmaking and Millwork Student
Guide. Charles A. Bennett Company. Incorporated, Peoria, lllinois 61614 (828pp), 1970.
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. WOOD LAMINATING

The art and practice of laminating wood has been known since the 15th Century, B. C. The process
is currently an important procedure in modern wood products industries. The range of articles
produced by this process varies from a single component item such as a candle holder, to large
multiple complex components to be assembled as laminated roof arches or naval vessels.

Lamination is accomplished by gluing two or more layers of solid woods with the grain
approximately parallel. The design of some laminated components however, make it necessary to
assemble the veneers with the grain of adjacent layers at right angles as used in conventional
plywood construction. This method of fabricating tends to more or less stabilize the final glued form.

The two products selected in this area of woodworking, napkin holder for Level I and in-out tray for
Level II, should prove challenging and yet allow a sufficient amount of individual design and
expression. The 1/28 inch standard thickness veneers used in the two product's laminated
components can be purchased from any d@Mmpany dealing in industrial arts woodworking supplies and
equipment.

For larger designed products, (Fig. 1-1) veneers of a variety of thicknesses can be produced in the
laboratory area using a ! inch blade on the bandsaw. This method of veneer production however,
produces a high degree of waste materials and student time consumed. It is desirable, but not
necessary, that the resawed surface be planed in the surfacer for a smoother glue joint. The following
procedure has been successfully used .0 produce veneers of selected thicknesses and width.

Select stock for straight grain, free of
knots, defects or highly figured grain.
Rip stock to desired width. For ease in
resawing the material should not exceed
2'2 inches. Surface or face plane 2 sides
or select 828 stock. Joint the edges to
aid in gluing veneers if a wider laminate
is required. Set up a temporary guide or
rip fence on the band saw for thickness
of veneer strip desired: allow for
additional material to be removed in the
surfacer if S28 veneers are to be used.
Place the surfaced face of stock against
rip fence and resaw veneers. Repeat for
second surfaced side; a feather board
secured to the table aids in holding stock
against the fence while cutting. If a

Wood Laminated Components [Fig. 11} surfaced side is desired for thge next

resawing operation, plane the stock left

‘ y after the initial resawing. Continue

resawing and surfacing as long as stock remains. Place resawed veneers on supporting board, sawed
surface up, and plane all veneers to equal thickness.

PR

The adhesive selected to permanently bond the veneers will depend on the laminated products
final use. The best adhesive is one of the synthetic-resin glues such as urea-resin (plastic resin) as
they are water-resistant and remain fluid sufficiently long enough to allow final clamping time.

Clamping devices used in the two products selected are inexpensive to fabricate and can be used
on a variety of designed product forms. Other methods successfully used to apply pressure to the
veneers are: firehose, rubber strips from inner tubes and a variety of standard woodworking clamps.
Forms, cauls. moids, and/or jigs can be fabricated from a variety of materials and faced with rubber,
metai ur cork to give ihic surface desired.
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LAMINATED NAPKIN HOLDERS WITH JIG AND FIXTURES

I. Bending Form

Order and receive required material.

Surface and square stock to *:'".

Apply adhesive to ir~ide surfaces and clamp securely; allow correct drying time.
Remove excess drie | adhesive, surface and square to finished dimensions.

Lay out radius on tep and bottom corners of bending form 8- indicated on drawing.
Remove excess material from form, smooth to present smo - laminating surface.
Check final form with finished dimensions on drawing.

. Gluing Pads

1. Order and receive required material.
2. Square to finish d ension.

. (Clamping Fixture

Order and receive material for webbing straps.
Surface and square to finish dimension.

3. Obtain upholster webbing, secure between 4 strips of hardwood according to drawing.
Length is determined by thickness of finished laminated blank.

4. Webbing can be secured with machis.e bolts and or wood screws.

T b

IV. Continuous Form for Base or Footing

1. Order and receive stock.

. Surface and square to finish dimensions.
3. Lay out top outline of footing on form block. (To insure matching contour to base of
laminated holder blank, use blank for top contour line.) Lay out on heavy paper and transfer
contour to blank with awl by punching holes in block. Carefully lay out perpen-
dicular lines to contoured line. Determine finish thickness of foot and lay out second or
bottom contour line on form block. (Note: the forms will not function properly as cauls if only
one contour line is sawed to separate form block.)
Carefully smooth matching contours of forms and square to surface of sides.
Cover matching contours with masking tape. Wax taped surfaces for easy removal of
laminated form after adhesive has dried.

>

V. Assembly of Buse or Fuoting

1. Mix and apply plastic resin adhesive on inside surfac.'s of assembled veneers.
Position assembled veneers between forms.

3. Place bar clamp in the middle of block form and apply pressure until the strips contour to the
form.

4. Place hand screw clamps on each end of the block forms and remove bar clamps. Allow
correct drying time. (If a high frequency wood welder is used this entire base or footing can
be completed in 5 minutes time!)

V1. Assembly of Napkin Holder Blank

1. Mix and apply plastic resin adhesive on inside of assembled veneers. (Suggested method of
assembly. use 5 plies--3 vertical and 2 horizontal for retaining shape of blank).

2. Position assembled veneers between protective plastic sheet or saran wrap te protect form
fixtures from excessive adhesive being squeezed out.

ERIC -2
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Vil.

VI

IX.

Place luminmtes over bending form with webb clamping fixture over laminates and
protective wrap.

Open bench woodworking vise and press laminates and fixture down into opening. This will
#id in pre-forming fixture and laminates around form.

Secure hand screw clamps to webb wood strips pulling clamping fixtures tight around
bending form.

Place plywood pads on the sides of the bending form and clamp with C clamps.
Adjust all clamps until they are secure and forming laminates to bending form.

Allow correct drying time. (It is suggested that blank be allowed to dry on form unclamped

for 24 hrs. after correct adhesive drving time to aid in retaining shape. A laminated form
such as this will draw together as it reaches equilibrium moisture content unless retained.)

Lay Out Napkin Holder (2) on Blank

1.

3.

Develop pattern on stiff paper, cut out and secure to laminated blank.
Cut and insert temporary block inside blank to aid in supporting sides when sawed to final -
shape,

Sand and prepare edges for finishing.

Prepare Base or Footing

Saw one straight edge on laminated blank.
Rip 2 parallel pieces from each prepared blank to finish dimensions.

1.
2.
3. Cut to final length desired.
4,

Sand and prepare edges for finishing.

Assembly of Napkin Holder

1.

2.
3.

Place feet under holder to fit contour and produce a pleasing effect as indicated on drawing.
(Note and check holder for correct alignment in two dimensions. Suggested method would
be to mark center line on bottom of holder, place on a level surface with feet under blank %'’

ftx)'?m l:n’ltside edge. Move blank to create desired effect and mark feet to match centerline of
ank.

Finish sanding all components before final assembly.
Secure 3 components with screws and/or adhesive.

X. Finish

1.

2.

Prepare assembled napkin holder for finish by touching up rough surfaces using ab-asive and
or steel wool.
Apply finish as desired. (Danish oil and wax is highlv recommended).
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IN-OUT TRAY WITH JIG AND FIXTURES

Leg Form Jig (Drawing No. 2 of 2)

-qm:.n.ug.;gc_--

8,
9.
10.
1.
12,

Obtain 3 pieces of *4+ inch Douglas Fir interior plywood, 17°' x 10°".

ilue these pisces together (face to face),

Using drawing no. 2 of 2. lay out contour of jig on glued stock.

Cut on bandsaw. shape and sand edges.

Cut two pieces of 25 gage stainless steel straps 2 inches wide by 42 inches long.

Secure one strap around contour of jig edge with contact cement.

Shape the second strap around jig, allowing *: inch for laminates, form a loop on the second end
': inches in diameter to hold clamp pin.

Fasten this strap with wood screws as indicated on print; this strip will serve as a tension band.
Fabricate 2 pieces of angle iron forming a support for tension clamp plate.

Lay out and drill holes in jig for clamp pins.

Insert 5/8 inch diameter gas pipe into holes for support.

Using hardwood or plywood cut the three clamp blocks to contoured or squared shape.

Laminating Clamp (Drawing No. 2 of 2)

1.

I Do

L3

BE®2am

10.

11.

Cut the two clamp arms to finish dimensions as noted on drawing. Note: For the longer clamps
these arms will be 3/16 x 1 x 8, all other dimensions being the same.

Locate and drill the hole for clamp pin.

Cut clamp head (65/8 x 1 x 2!%)

Locate and drill 27/64 inch hole, tap threads '2-13NC-2A. (Hole must be drilled and tapped
perpendicular to the face.)

Weld the arms to the head in the manner shown and finish welds smooth.

Cut clamp pressure plate. (9/16 x 7/8 x 2-3/8)

Locate and drill 23/64 inch hole, Y4 inch deep. Finish through stock with 7/32 inch drill.
Machine end of continuous threaded bolt ('2-13NC-2A x 4-1/16) to .213 for 8/16 inches.
Plug weld nut to continuous threaded bolt end, grind weld, and assemble prepared clamp screw
through clamp head. :

Place machined end of clamp screw into clamp pressure plate as shown and flare end securing
the two pieces together.

Cut pin from !:'° diameter rod and bend one end to allow easy removal.

In-Out Tray (Drawing No. 1 of 2)

A.

Legs
1. Cut 14 strips of 1/28 inch thick veneer.
2. With jig and accessories prepared. mix adhesive.
3. Apply to inner surfaces of veneer strips.
4. Piace stacked veneer in jig. (Plastic sheet strips should be on each side of the prepared
veneers to prevent glue markings on jig and accessories.)
5. Position prepared veneers between stainiess steel strips. Tighten tension band to 100 inch
pounds with torque wrench.
8. Attach pressure blocks to top and bottom with clamps and tighten to 150 inch pounds.
7. Check tension band for contouring and apply 200 inch pounds pressure with torque
wrench. '
K. Inspect all pressure blocks to insure that all are positioned correctly and that the laminate is
being compressed evenly; apply 200 inch pounds to pressure block clamps.
9. Dry for 24 hours at room temperature. {Drying can be accelerated in the Automatic Drying
Chamber at 140 degrees F. for 2 hours.)
10. Remove from jig and allow to cure for appropiate time. (During this time laminate will pull
down te desired shape.)
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11.  Mark the leg width and cut on bandsaw using fine tooth blade. Support the open end of
the blank with a scrap piece of wood during the sawing operation.
12. Smooth edges on jointer or with rasp and abrasive paper,

13,  Drill holes for bolts and counter-bore for nuts.

14. Finish the edges in manner desired (file, router, etc.) and rough sand.

B. Trays

1. Material for backs, front, and sides can be resawn from %4 x 10 x 24 inch stock.

2. Joint and plane pieces leaving 1/32 inch for finish sanding.

3. Lay out matching finger joints on the stock.

4. Set up the radial arm saw and cut the finger joint {table saw can .also be used).

5. Lay out and cut grooves for bottom in back, sides and front, using 1/8 inch single dado
saw blade.

Assemble components and cut bottom for finish size {some sanding may be required on
bottom to allow fit).

Drill holes in bottom and countersink for F. H. machine bolts.

Assemble all components to check workmanship.

Disassemble and lay out contour on sides of trays.

Cut contours on bandsaw and sand.

Finish sanding components in preparation for gluing assembly.

o2

il

[

C. Assembling and Finishing

Apply adhesive to joints and bottom grooves.
Assemble the back and sides.

Place hardboard bottom in position.

Position front.

Place assembly in clamps (remove excess adhesive which squeezes out.)
Allow proper drying time for type of adhesive used.
Finish sand boxes and legs.

Trial assemble to test workmanship.

Disassemble, fill and stain if desired.

10. Apply Danish oil, or other finish desired.

11. Wakx finish.

12, Reassemble.

EPNO UL

The following articles, bulletins and references have been selected to give you a variety of
techniques. processes and information.

American Institute of Timber Construction, 17567 K. Street, N.W., Washington, D.C. 200086.

Battcher, Lowell. 'Air Pressure Veneer Press.” Industrial Arts and Vocational Education, April, 1970,
p. 68.

Capron, J. Hugh, Wood Laminating. McKnight and McKnight Pub. Co., Bloomington, Iil., 1963.

Erickson, Richard C. ‘Simple Bentwood Laminations.’ Industrial Arts and Vocational Education,
November, 1964, pp. 40-41.

Fabrication and Design of Glued Laminated Wood Structure Members #1069. U.S. Dept. of
Agriculture, U.8. Government Printing Office, Supt. of Document, Washington, D.C. 20402.

Forest Products Laboratory List of Publications on Glue, Glued Products, and Vencers. Forest
Products Laboratory, Madisnn, Wisconsin 53705.
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Foss, Maurice F. A Jig for Edging Veneer." School Shop, Januars 1973, pp. 34-35.

Henak, Richard. 'Increase Speed & Accuracy with a Thickness Sander.” School Shop. October, 1973,
pp. T2-74.

Hevner, Darrel H. 'Laminated Serving Tray.' Industrial Arts and Vocational Education, February,
1969, pp. 54-56.

Irving, Robert. 'Laminated Clock.” Industrial Arts and Vocational Education, April, 1967, pp. 50-51,

Koppers Company, Inc. Forest Products Division, 9313 Manchester Road, St. Louis, Mo. 63119 or
P.O). Box 4333, Overland Park, Kansas 66204,

Krubeck, Floyd E. and Bryan Bachkora. ‘Laminated Clock.' Industrial Arts and Vocational
Education, February 1967, pp. 52-53.

Manufacture of Veneer-Bulletin #285,. The and High Pressure Molding of Plywood-Bulietin #1624,
U.S. Dept. of Agriculture, Forest Product Laboratory. Madison, Wisconsin 53705.

Martin, Loren. "Bent-Wood Laminating: A Paper Tray.' Industriul Arts and Vocational Education,
November 1967, pp. 48-49. '

National Luinber Manufacturers Association Technical Services Division, 1619 Massachusetts Ave.,
N.W. Washington, D.C. 200086.

Nemmers, R.J. ‘Factory-Grown Timbers.' Reprinted from: Compressed Air Magazine, Rilco
Laminated Products. Inc.., Fort Wayne, Ind.

Reeve, Edgar G. 'Inexpensive Laminating with Veneer.' Schoo! Shop. November, 1973, p. 39.
Richards, David L. 'Build a Press for Water Skis." Industrial Education, October 1973, pp. 26-27.
Shank, Michael. 'Laminating with Veneer." School Shap, January, 1970, pp. 48-01.

Spielman, Patrick E. How to Make Recurve Bows and Matched Arrows. Bruce Publishing Co..
Milwaukee, Wisconsin.

Spielman, Patrick. *Modern Laminating and Veneering Processes.’ Industrial Arts und Vocational
Education, November. 1967, pp. 35-39, 78 & 81-82.

Vencering and Laminating, Using the Vega Dia-Press. Vega Enterprises. Inc. Route 3, Box 300B,
Decatur, llinios.

Veneer Species That Grow in the United States. U.S.D.A. Forest Service Research Paper, FPL167,
U.S. Dept. of Agriculture, Ferest Services, Forest Products Laboratory, Madisan, Wisconsin,
1972.

Weyerhauser Company, Rilco Engineered Wood Products Division, P.O. Box 571, Albert Lea,
Minn. 56007.
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il. PEG DIFFUSION

Polyethylene Glyeol. (PEGY, properly diffused into green wood will stabilize wood cells, serve as a
chemical seasoning apfent. suppress decay and yet have slight effect on wood’s physical properties,
pluing or finishingg g ualities.

Through extensive tesearch by Forest Products Laboratories, the development of polyethylene
glveol treatment as a practical utilization of waste woods has opened up a new field of conservation
and marketability of waste tree parts. Burls and crotches of green trees can be used for wood
carvings, wood sculpture, bowls, trays, gunstocks and a variety of products limited only by the
imagination and ingenuity of the industrial arts students and teachers.

Advantages of working green wood are numerous: the expense and work involved in face-to-face
gluing is eliminated. hand and machine tools retain their cutting edges longer, lathe tools stay cooler,
dust problems are almost eliminated and expensive native wood is easily abtained by the student for
his experimental and luboratory work. In urban areas, material selections can be made by observing
whaore trees are beings removed in parks and along streets. In rural areas, choices of selections are
more numerous where trees are being cut for stove wood, logs or for land clearance.

A typical PEG product, a lathe turned bowl, can be produced by obtaining a green log or limb
section of the dusired size. The dimensions of the turned product will be governed only by the lathe,
face plate, methods of treatment and safety limitations used in turning.

Saw one end of the green stock square and secure to a face plate with wood screws. Shape the
exterior of the bowl contour, scrape out the interior leaving a wall thickness of 3/8 to 1/2 inch thick.
Remove the rough turned bow! from the face plate and soak in PEG solution at room or elevated
temperatures. Soaking time schedule is determined by concentration and temperature of the
chemical, sizo and thickness of wood species.

Remove rougth product from the treating chemical and dry by open-air or kiln methods. One inch
thick walnut, dried by the open-air method, inside an industrial arts laboratory, will reach an
equilibrium moisture content (EMC) of 6-8 percent in 9-10 days. Utilizing a kiln such as the
Automatic Dryving Chamber. at a temperature of 140 degrees F., the EMC can be reached in 60 hours
or 2! ; days. Secure the dry. rough turned bowl to a lathe face plate and machine the walls to 1/8 or
1/4 inch thickpess. The bottom dimension will be determined by the method used to secure the
product to the face plate. Walls of treated bowls, 8 inches in diameter, have been successfully turned
and rough sanded to a cross section of
1/16 of an inch. Finish sanding and
apply either a surface type polyurethane
varnish, or use Danish oil if a soft-toned
natural finish is desired.

Polyethylene glycol (PEG) is a
chemical, wax-like suhstance produced
from natural gas which is soluble in
water at only slightly elevated temper-
atures of 104 degrees F. PEG materials
are designated by a number that
roughly represents the average molecu-
lar weights. The 200 through 600 PEG
numbers are clear liquids, whereas the
1,000 through 6,000 numbers are white,
waxy solids. After extensive experi-
mentations PE(G-1,000 has been recom-
mended as best adapted for stabilization
of green wood used in industrial arts

36°* Dismeter White Ash Disk, Control {left] and
PEG Ceold Treated Disk {right | [Fig. 11-1§ laboratories.
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Diftusion of PEG into the green wood eells is not just a matter of filling the cavities or lumens of the
tube-like cells with the chemical but also the diffusing of the stabilizing agent into the cell wall
structure. The natural moisture of the enlarged or swollen wood cells is replaced by the molecules of
the stabilizing agent. This ‘bhulking’ of the cell walls and cavities restrains the shrinking of green
woad as it dries and the sweolling of dry wood when it is exposed to damp conditions (Fig. 11-1).

To a. aieve the minimum afount of shrinkage, it is necessary to diffuse PEG into the wood in an
amount equal to 30 percent (25-30 pereent is fiber saturation point of most woods) of the dry weight of
wood. If it were necessary to replace all the moisture (some woods contain 300 percent moisture) with
a bulking agent the cost would be prohibitive. Normal shrinkage and swelling of PEG treated woods,
ut the two extremes of relative humidity, can be reduced by more than 82 percent. The ratio of
tangential to radial shrinkage or swelling is unaffected by this bulking treatment.

(ireen wood selected for PEG treat-
ment should be sealed in plastic bags or
immersed in water to prevent checking
and splitting until they can be stabilized
in PEG solutions. Common mixtures
used are 30 percent by weight and/or 50
percent by weight. A plywood or
fiberboard box of the exact size required
and lined with a sheet of heavy plastic
will make an excellent ‘one-shot’
soaking vat. Metals other than stainless
steel containers shoula be avoided. If a
permanent soaking container is desired
that uiilizes elevated temperatures and
automatic heat controls. the drawing
and procedure for construction of the
PEG Thermo Tank has been included for
your study and consideration (Fig.
[1.2).

PEG Thermo Tank {Fig. H-2}

PEG treating or soaking time will vary with the density of the wood svlected. Walnut is a medium
density wood that averages about 0.55 in specific gravity on a green volume, dry v -ight basis. Lower
density softwoods such as white pine, spruce, redwood and the ‘sof*’ hardwoods as soft maple,
cottonwood and willow should soak for about half the time suggested for walnut. For higher density
woods like hard maple, yellow birch, beech, cherry, the oaks, and applewood, double or triple the
treating period. Elevated temperatures are normally seyuired for fully effective treatment of very
dense woods such as mesquite. desert ironwood, myrtlewood and burls of most all species.

The treating schedules shown in the following table are based upon experience with walnut,

Solution concentration :  Suggested period of soak for:

and temperature  emeeeesoomea vee JUU  aesormeassen
Walnut disks up Watio  usks over
to 9 inches in : inches in
diameter and diameter and
1 to 1': 2 to 3 inches

"""""""""""" inches thi & thick

30 pereent, J0°F : 20 day+ 60 days

50 percent. 70°F : 15 days 45 days

30 percent, 140°F : 7 days 30 days

50 percent, 140°F : 3 dayvs 14 days

ra
>
Pt



507 Chemical Mixture

l‘."oo F................Q.

The following graduntions of 4 hydrometer scale, uacd o check specific gravity of the chemical
PEG, have been calibrated in a laboratory type situation to aid in determining mixtures and soaking

schedules. The low end of the scale does not conform to item 1 in the procedure: ‘Operating

Instructions for PEG Thermo Tank'.

1.000
.005
.010
015
.020
.025
.030 cevececcscenenrassasss140° P,
.035 ceeecscescesesesssssl30° F.

. 040 cecesessssnnnsssssl20° F

. 045 .................1so° F.
.050 .........100 F.
.055 vesssssseesssd0® F.

.060 ............sg° F.

.065 cesceeseses7l® PF.

307, Chemical Mixture

|l

130° F................

T

120%F e iennnnnnennes .070
110° F,....... .075
90% Ffrfiriernenes . 080

80 Frveeernens . 085

.090

.095

1.100

Balance of scale has Leen cut off for brevity

Drying of the treated wood can be accomplished by stacking the wood, separated by dry stickers,
under cover in a well ventilated room or building, perferably one that is heated in the winter. Air
drying time will vary with the thickness of the word treated, temperature and relative humidity of the
area. It a dry kiln is available. well treated wood can be dried rapidly under rather drastic conditions
without danger of splitting. If the Automatic Drying Chamber is used, No. 1 drying sequence is
reccommended with a heat setting of 140°F. This sequence allows the fan to circulate chamber air
when the heating elemonts are activated.

Finish machining. working or application of a finish can be continued on the wood when an EMC
has been reached. Treated PEG woods can be glued by using casein, cold-setting urea, resorcinal
agd/ur epoxy adhesives. For best results, the surface of the treated wood to be glued should be wiped
with toluol and then alcnhol before the adhesive is applied.

Workabiiity of PEG treated woods actually machines better than dry wood and to closer tolerances
without danger of chipping. When sanding, the PEG chemical tends to cing the finer grits of abrasive
paper making it necessary to use a coarser abrasive grit than is normally used.

Darkened surface areas can be bleached with a dilute solution of oxalic acid or a commerical
bleach to bring out the natural color of the wood. Bleaching will also accentuate the contrast between
heart and sapwood of most species. Recommendations of the manufacturer should be followed as to
neutralizing the hleach before continuing with the finish sanding.

Before the final sanding operations, abrasive work can be made easier by wiping the stock with a
rag soaked in alcohol. This process tends to remove the chemical on the surface. Final abrasive work
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prior to application of the finish can be accomplished with wet-or-dry abrasive paper, 4/0 or 150 grit,
using hot water as a lubricant. Allow the wood to dry thoroughly before proceeding with either a
polyurethane resin-base varnish or Danish oil finish. These finishes have proven satisfactory over the
waxy surface of PEG treated woods.

If a toner or stained filler is to be used. allow at least 24 hours for drying. Sand the dried filler with
220 grit abrasive before application of the 1st full strength finish coat of polyurethane resin-base
varnish. Apply as many coats as desired, sanding between applications with 220 grit abrasive paper
or 4/0 steel wool. After the final coat has dried thoroughly, rub out the finish with pumic: or rotten
stone using oil as a lubricant. If Danish oil is used follow manufacturers recommendations for
application. Further protection may be achieved by applying furniture polish or wax over the
varnished surface Use Danish oil wax over the oil finish.

Procedure for Construction of PEG Thermo Tank

Carefully study drawing for dimensions and plywood cutting schedule.

Crosscut sheet of plywood to finish length of front and back panels.

Crosscut to finish length stock for end panels.

Rip these two pieces to squared finish dimensions, discounting the width of the saw kerf

Rip wedge shaped support and square the pointed end to finished dimension.

Secure support, in step 5. to the edge of front component with scrap stock to use as a guide

against saw fence when cutting diagonal dado.

7. Repeat step for dado cut on back component. Note that this dado will be cut in the

opposite direction.

Saw dado cuts on height dimensions of end components to receive front and back panels.

Make enclosed dado cuts on end components to receive bottom. Care must be taken not to

cut through the vertical dado cuts. Clean out remaining stock with wood chisel.

10. Square bottom to finish dimensions or to fit inside dado cuts.

11. Use clamps and or nails to secure components 1 through 6 in trial assembly.

12, When tank is squared in trial assembly, drill pilot holes for flat head wood screws through
the fitted joints. All errews should be spaced 6 inches on center.

13. Drill shank holes and countersink.

14. Secure screws, release clamps and pull nails used in {rial assembly.

15. Cut and fit vertical corner reinforcement blocks.

16. Cut and fit hinge board for top.

17. Disassemble tank components.

18. Mix waterproof or water resistant adhesive for final assembly.

19. Secure tank with screws and adhesive. Nail and glue corner ! acks. Check and adjust tank
for squareness.

20. After the fiberglass has been applied to parts 1-4 and 6. the correct inner top spacing or
clearance can be accurately calculated for the top assembly.

21. Square to finished dimensions inner and outer top, trial assemble, test for proper closing
clearance and sssemble with nails nr screws and adhesive.

22. Secuie mounting platc tv heating element, lay out position and cut opening through the
end of tauk: trial assemble unit with mounting bolts.

23. Lay out position, cut opening through front of tank for thermostat transfer plate and trial
assemble unit with mounting bolts.

24. Apply fiberglass cloth and resin to the inside surfaces of top. position hinges and fit top to
tank.

25.” Remove heating element mounting plate and thermostat transfer plate, apply fiberglass
resin to inside surface of tank and bolt holes, secure plates into position. Follow correct
procedure for application of fiberglass cloth and resin, cover inside of plates for complete
waterproofing of heating element mounting plate and thermostat transfer plate.

26. Position and wire thermostat, power switch, pilot light, heating element and connect power
lead.

27. Fabricate, position and secure covering for control panel electrical components.
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29,

30.
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10.
11,

12,

13,
14.

15.

16.
17.
18.
19.

Test PEG Tunk with 60 gallons of water to insure that it is watertight. With 60 gallons of
liquid the heating element will be covered with 13 inches of fluid allowing an air space of
2': inches below the top.

An optional component can be fabricated from stainless steel to protect the interior heating
clements from samples heing treated.

Connect lead to power supply and adjust thermostat to desired setting. Check
watertightness of tank and electrical connections for an adequate length of time before
sealing control panel and painting tank. PEG Thermo Tank can be mounted on a rolling
platform if desired.

Procedure for &'over’mg PEG Thermo Tank with Fiberglass

Allow a minimum of 3'. hours to complete the first stage of fiberglassing.

Sand and wipe clean surfaces to be covered.

Voids in wood should be filled with a thick mixture of resin and catalyst.

Cut fiberglass cloth to rough size allowing at lcast 1 inch lap over each covered section.
Suggested pieces would cover: bottom and ends, side, side, inside, or lower part of top.
Measure upproximately one quart of resin, add 10-15% styrene monomer, add 1 % catalyst
and mix thoroughly. Note: As soon as catalyst is added, curing begins; work as rapidly as
possible. o '

Apply soak coat. Brush or roll ?I the mixture being sure to cover the entire surface and top
edges of the tank. '

Allow the soak coat to gel’

The gel or second coat may now be applied. Mix approximately 1 quart of resin and
catalyst. stir thoroughly. Allow proper drying time for all prepared resin applications.
Brush or roll on the resin-catalyst mixture.

Allow 2nd coat to gel for approximately 10 minutes; a tacky surface will hold the cloth.
Apply fiberglass cloth in any organized manner, sides first with ends and bottom
overlapping has worked satisfactorily.

When cloth is placed over the gel coat, start from one side and work the air out as the cloth
is laid into the gel coat.

Mix approximately one quart resin and 1% catalyst and npply third application.
Brush or roll the resin over the cloth making sure that all bubbles are worked out and that
the cloth is saturated.

If cured resin develops bubbles, sand or remove with sharp edge tool, patch with cloth if
necessary and apply as many coats as required to provide a smooth surface.

Trim off any cloth overlapping edges or corners that has not smoothed down.

Runs, folds and sags may be sanded out as desired.

Wet sanding with waterproof paper gives a smooth. even surface.

Top, heating element mounting and thermostat transfer plate can be fiberglassed in the
same manner as the inside of the tank.
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2.

3.

Operating Instructions for PEG Thermo Tank

Test the percentage of tank mixture with a hydrometer. 30 % solution will have a specific
gravity of 1.05 at 60°F., at 140°F. the specific gravity reading will be 1.03. 50 solution
will have a reading of 1.093 at 60°F., at 140°F. the reading will be 1.08. If the PEG solution
is not of the desired concentration, add water or chemical as needed.

Wear rubber gluves to protect the hands from the waxy solution. Load the green woud,
disc. carvings, turnings. blanks, or etc., into the solution. Stainless steel rods or narrow
strips of wood placed between the various items and the bottom of the tank will permit
circulation of the solution. Weights should also be used to prevent pieces from floating to
the surface. Close and lock the tank lid.

Plug power cord into the receptacle: the 220 volt attachment plug should have a locking
position to aid in retaining power connection.

Turn the safety disconnect switch to ON position; the pilot light located above the switch
should glow.

The period of soaking time needed to obtain sufficient penetration of PEG into the wood
depends upon the concentration and temperature of the treating solution, the size,
thirkness of wood, and species. Diffusion of the chemical, polyethylene glycol. can be
accelerated by increasing the temperature and also the concentration of the solution.

Position thermodisc to desired heat setting. The time allowed to reach selected setting will
vary as to amount of solution in the tank and the percentage of mixture.

When the pilot light switches off you may want to test the specific gravity of the solution at
the elevated temperature. TURN OFF THE SAFETY DISCONNECT SWITCH before
opening the tank lid. Record the temperature and hydrometer readings at this time. Adjust
the concentration of the sniuiion if needed. Exactly 4.46 pounds of PEG dissolved in 5
quarts of water will make 7 quarts of 30% solution. 10 pounds of PEG dissolved in an equal
weight of water (about 4.8 quarts) will make about 7.4 quarts of 50% solution.

Close and lock the tank lid, turn on the safety disconneci switch to continue diffusion
process.
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The following articles, bulletins and references have been selected to give you a variety of
techniques, processes and information.

Cherry, Raymond. General Plastics Projects and Procedures. Mcnght & McKnight Pub. Co.,
Bl«mmmg:vm H., 1962,

Frost. Honor. ‘Punic Ship Found." Compressed Air, Vol. 78, No. 3, March, 1973, pp. 12-13.
Hoadly. R. Bruce. 'PEG-1000." Workbench, Vol. 28 No. 2, 1972, pp. 48-49.
"How to Make it with PEG." 1972, the Crane Creek Co., P.O. Box 55653, Madison, Wisconsin 53705.

Leslie, Harry C. "'PEG o the Woodwarkers Heart." Man Society Technology, A Journal of Industrial
Arts Educ ation., Oct. 1973, pp. 13-186.

Magnuson, Karen Lee. *How to Work with Green Wood.' Popular Science, Volume 200, No. 4, 1972,
pp. 146-148.

Merz, R.W., and G A. Cooper, 'Effect of Polyethylene Glycol On Stabilization of Black Oak Blocks."
Forest Products Journal Vol. 18, No. 3, March, 1968, pp. 55-59.

Mitchell, Harold L. "Beat the High Cost of Walnut Turning Blocks." School Shop, January, 1974,
pp. 40-41.

Mitche'!, H. L. "Hew PEG Helps the Hobbyist Who Works With Wood.® Forest Products Laboratory,
Forest Service, U.S. Dept. of Agriculture, Madison, Wisconsin 53705.

Mitchell, Harold L. ‘Using Cross Section of Green Logs or Limbwood for Wood Projects.' School
Shop. January, 1965, pp. 20-21.

Pankowski, Dallas. ‘Stabilize Green Wood for Turning and Carving.' School Shap, June, 1965,pp.
40-41.

‘PEC is the Sweetheart of the Wood Craftsman.’ U.S.D.A. Yearbook of Agriculture: Svience for
Better Living, 1968, pp. 147-149,

\'Plastic Chips.” Bulletin and ('atalog, Cope Plastics Illinois, Inc., 1111 West Delmar Ave., Godfrey,

. 62035.

‘Stabilization of Hard Maple Flooring with Polyethylene Glycol 1000,°. USDA Forest Service
Paper, FPL 187, 1972,

Steele. Gerald L. Fiberglass Projects and Procedures. McKnight & McKnight Pub. Co.,
Bloomington, IiI.. 1962,

Swanson, Richard A.. and Patrick K. Lavan. ‘Polyethylene Glycol Wood Stabilization Tank.' School
Shop, January, 1969, pp. 36-37.

PEG supplies can be obtained from the following companies.
Albrecht, Robert M., 8635 Yolanda Ave., Northridge, California 91324.

Crane Creek Company, P.O. Box 5553, Madison, Wisconsin  53705.

Wilkens-Anderson Company. 4525 West Division St., Chicago. Illinios 60651.
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iil. WOOD FLOUR AND/OR PARTICLE MOLDING
TRIO PRESS - PARTICLE. PLY AND PLASTIC

An important area of research today is in the design of products manufactured or produced from
woad waste. Wood industries have an enormous loss each year not only in wood remnants but in
money required for its disposal. Research in the area of wood waste has led to the production of
various pulp. particle and chip core products. Wood wastes can also be utilized as roughage in
livestock feed. Possible the newest product developed by Weyerhaeuser Company is molded surface
skins for hollow-core colonial style panel doors. The list of products manufactured from wood waste is
expanding and can be seen as a rising new industry. '

Wood industries are constantly researching and experimenting in this important area of
reconstituted wood. Industrial arts programs in junior and senior high schools, Level I-IV, should also
conduct research and experiments in this vital area. This process, wood flour and particle molding,
offers an opportunity to use available waste from a woods laboratory to demonstrate an industrial
process on » reduced scale. Wood flour molding will introduce studente to production methods and
procedures similar to those used in industry. Additional experience could also be gained in the areas
of product and tool design, pattern-making. foundry, metals, electronics, and wood technology.
These areas and others will be touched upon by the student when he designs a product, fabricates the
pattern, ram-up and casts the mold in the foundry, machine the casting in a metals area, figure
tolerances necessary for the die, calculate percentages of res’u and wood flour, degree of heat and
amount of pressure required to produce the product of his own design.

The industrial arts teacher can fabricate or supervise Level III or IV students in assembling this
molding unit (Fig. Ill-) in his industrial arts laboratory with assistance from plans and information
furnished. The cost will vary as to the size of the
dies and press selected by the industrial arts

instructors to fit their own particular situation.

Construction Procedure
for Trio Press, and Accessories

I. Hcat Platen(s).

1. Obtain 'z inch aluminum plate (If 1 inch
plate or a cast aluminum disc is used omit
steps 3-5).

2. Cut stock to rough size.

3. Layout, drill, and tap holes to secure stock
face to face.

4. Countersink holes for flat-head machine
screws.

5. Secure pieces surface to surface with
Ys x 20 NC arrews,

6. Layout and drill holes for heat elements
and thermoswitches.

7. Construct chucking face plate to be bolted
to platens.

8. Bolt chucking face plate to platens and
center in 4-jaw lathe chuck.

9. Machine platens to diameter.

10. Cut keyways for aligning pins on
switrhes,
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1. Heat Platen Holder(s).

Obtain 1':"" steel plate. hot or cold rolled steel. (Cast-aluminum holders can also be used to
to reduce cost.)

Remove scale from surface by surface grinding if necessary.
Mill to size as specified.

Position stock in 4-jaw lathe chuck.

Machine space to receive heat platens.

Remove stock from chuck.

Layout all holes to be drilled.

Drill holes.

Tap necessary’ holes.

Surface grind if needed.

o
.

e o
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If heat platens are not desired, the heat elements may-"be installed in the die, thereby heating it
directly instead of by heat transfer. If the heat element is dgsigned into the die, a disc element would
possibly be more practical. Disc e¢lement, Chromalox Catalog #67, HSP-31, with 3 " outside
diameter. 5716 thickness, 120 volts and 400 watts is :fécommended.

13

DIES

 The dies used in this process may be machined from cold rolled steel, cast iron, or cast aluminum.
The two most practical metals are cold rolled steel and casi aluminum. Cold rolled steel will give a
good quality die that may be chrome plated or used with a polished surface. Aluminum dies may he
cast in a foundry and machined to size. Aluminum dies usually have a porous surface finish which
means a parting agent must be used or the dies coated with an industrial grade of teflon. All dies
should be designed so that available machines can be used.

The use of a type of investment casting to produce dies with smooth surface characteristics and
little or no machining is a possibility in the industrial arts laboratory. Investment casting uses plaster
molding powder instead of sand to contain the wax pattern. A simple explanation of the process is: a
wax pattern is fabricated with sprues, risers, and gates attached: a flask is set up around the puiiern
and a tluid plaster composition is poured around the pattern which is suspended i the flask by the
sprue. risers, and gates: after the plaster has set-up the wax is melted out and the molten metal
desired is poured into the mold. Wood patterns may also be used, but special pattern procedures
must he employed.

Die and Plunger for Discs

iH. Die

Turn wood pattern.

Ram up sand molds in foundry area.

Pour molds and lei stand for 24 hours.

Clean casting.

Position casting in 4-jaw chuck.

Machine ~asting as specified on drawing.

Turn casting end for end in chuck and machine rough portion.
Remove casting from chuck.

Layout and drill holes for knock out pin.

Machine knock out pin.

Layout and drill holes for hold-down pins and thermometer,
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IV. Plunger

1. Turn wood pattern.

2. Repeat steps 2 through 8 in section 1 above.

3. Lavout und drill holes for hold down pins and thermometer.
Charging Chamber, Coaster Die, and Plunger

1. Obtain one piece of 1020 cold rolled steel 5 dia.x7"".

te
.

Cut rough size pieces for charging chamber, die, and piunger.

V. Charging Chamber

Position stock in 4-jaw chuck.
Face stock and machine to not under 4.875 inch diameter for at least 1.125 inches length.
Machine 4 inch diameter hole through stock.
Machine angle on inside of machined hole as indicated.
Remove from 4-jaw chuck.
Cut off excess material,
Position stock in 3-jaw chuck.
Face stock to 1 inch length,
Machine edge as specified on drawing.
10. Drill 3/16 inch hole as noted.
“11. Cut slot as shown on drawing.

-l AN ke S-S I S

VI. Die

1. Position stock in 4-jaw chuck.

2. Face stock and machine outside diameter the same size as the charging chamber.
3. Remnve stock from chuck.

t. Position machined end of stock in 4-jaw chuck.

5. Face stock and machine to diameter.

6.  Machine lip as specified on drawing.

7. Machine rough concave form of coaster.

8. Finish machining concave form of coaster.

9. Polish surface for desired finish.
10, Remove stock from chuck and layout holes to be drilled.
11.  Drill holes for thermometer and hold down pins.

Vil. Plunger

Position stock in 4-jaw chuck.

Face end, machine to diameter.

Turn stock end for end in chuck.

Machine stock to shape and size as specified.
Polish surface for desired finish.

Remove stock from chuck.

Layout and drill holes as specified.

DY d BN
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Hold Down Pins for Dies and Platens

Vill. Hold Down

Obtain 2 pieces of one inch square cold rolled steel 5 inches long.
Position stock in 4-jaw chuck and machine pin.

Repeat step 2 for each end on stock,

Mill both pieces of stock to specified thickness.

Cut both pieces in half to get the four hold downs.

Drill 7/16 inch holes for slot, mill slot.

Surface grind if desired.

NePkwREr

Pressure Platens for Plywood and Lamination Blanks

IX. Platens (Details not shown on drawings)

1. Obtain 'z inch aluminum plate (If 1'% plate or cast aluminum plate is used omit steps 5-5).
2. Cut stock to rough size. Finish dimensions of platens are 1'% "'x7"'x7"".
3. Lay out, drill and tap holes to secure plates surface to surface.
4. Countersink holes for flat-head machine screws.
5. Secure pieces surface to surface with '«x20NC screws.
6. Square platens to finished size. '
7. Lay out and drill holes for thermometers. Holes should be '« from top surface, centered
and of sufficient depth to obtain correct temperature of platen when in use.
8. Bolt 2 strap hangers, 1/8''x3/4""to e..  92ressure platen to aid in attaching to heat platen.
9. Bolt stainless steel sheets to sides and back of bottom pressure platen overlapping top
pressure platen. This assembly will aid in holding veneers set up for plywood or laminated
blank.
10. Square 2 pieces of 16 gauge stainless steel sheets to 6 7/8"" to serve as smooth plate
blanks. .

11. Polish surface for desired finish.

Press Components
X. Top Support and Base

Obtain all materials necessary for components in sections X through XV,
Lay out positions for cross and parallel braces and or bars in channels.
Tack weld braces in their respective positions.

Lay out the position of the guide rod holes.

Position channels back to back. clamp securely.

Drill holes for guide rods.

Insert bolts through guide rod holes, secure channels together by drawing up nuts: this will
insure alignment after welding.

8. Weld braces and bars. Use skip welding sequence to minimize warpage.
9. Lay out spring supports and drill holes for springs.
10. Weld spring supporte into position.

I1. Position and weld support feet in position.

_-aa:cz-.a-o:n:-—-

X!. Sliding Platform

Lay out posiiion of pressure plate reinforcement.
Tack weld into position.

Lay out and mark center for sleeves.

Scribe circle of the proper diameter for sleeves.
Saw out or burn siots for sleeves.

Lay out positions of spring arms, drill holes for springs, tack weld in position.

O e N -




7. Lay out, drill and tap holes in channel for die and platen slides. Insert screws in holes to
keep weld splatter out.

8. Clamp assembled components to top or base support to minimize warpage when welding.
Use skip-welding sequence.

Xll. Sleeves and Collars

i. Secure rod and or pipe in 3-jaw chuck of metal lathe.
2. Drill, bore or machine to finished inside dimensions.
3. Lay out and mark centers for set screws in ccllars.

4. Drill and tap holes for set screws.

Alil. Guide Rods

1. Square ends of rods.
2. Mark center for holes to be drilled in rods.
3. Drill and tap holes.

XIV. Die and Platen Slides
Square to finished length.

Position and weld stops on ends of slides.
Lay out holes of correct size to allow varied width assembly of slides.

e

XV. Construct Holder for Stop Watch
XVI. Assembly of Press

Assemble sleeves and collar in sliding platform.
Secure slides to sliding platform.

Bolt top support and base to guide rods.
Secure wood block to base.

Secure holder for stop watch.

Insert ends of springs in supports.

Secure hydraulic jack in position on wood base.

NegswNr-

XVIl. Assemble control panel and secure in position.

XVIHI. Assemble heat platens with heat elements and thermoswitches. Position heat platens in
press. Complete wiring to control panel and test wiring assembly.

XIX. Secure die, charging chamber and plunger to heat platens secured to sliding platform and top

support. Insert thermometers in die and plunger, plug in power lead, turn on power and
platen switches and test run press.

Preparation of Wood Flour and/or Particle Mixture for Molding

1. Prepare wood flour or particles on jointer, surfacer, or saw from stock having correct
maisture content, 6-87 . If material is collected from sawdust or particle bin, tests should
be made in sambles for correct moisture content.

2. Sift particles through screens to obtain size desired (size of screen suggested, from 20 to
140 mesh).
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Weight the amount of wood flour and or particles.

Determine the amount of resin, 309 to HOY content,

Plice wood particles and resin in container, tumble for 20025 minutes to mix thoroughiy.
Add picces of wond in container to aid in the mixing process,

Determine amount needed for product (56 grams for test dise or 47 grams for coaster,
amounts can vary as to density desired in product.).

Weigh amounts needed.

. WOOD FLOUR AND PARTICLE MOLDING OF COASTERS
Procoedure:

Plug power cord into receptacle, turn on center power switch. Turn on top and bottom heat
platen switches. Insert thermometers in die and plunger. Preheat to 275 deg. F. (Required
time for selected heat is 30-45 minutes. To increase heat. turn thermossritch center stem
counter-clockwise; to decrease, turn clockwise.)

When die. charging chamber and plunger has reached preset temperature, release presure
on hvdraulic jack to allow die and charging chamber to he drawn clear of plunger. If
lettering or a trade mark is desired on the product, coaster or disc, a magnesium plate can
be etched and inserted in the die at this point. Apply wax to inserted plate, die. charging
chamber and plunger.

Deposit 47 grams* of particle and re«in mixture into die and charging chamber. To insure
that coaster product has sufficient material for the sides, hollow out the center of the
charge to about 1 to *s inch depth. (Phenolic plastic granules can be used in place of wood
particles and resin mixtures to demonstrate thermaosetting plastics compression molding
of products.) Experimentation as to weight of charge, time, heat and pressure will be
necessary for a satisfactory product.

Slide die aind charging chambico back into position and apply 20,000 psi pressure. if Uiac
resins have been used, for 2 minutes. (Requires about 1 minute to stabilize pressure.)

NOTE: IF CYMEL OR MELURAC RESINS ARE USED IN THE MIXTURES. APPLY
25,000 PSI FOR & TO 10 MINUTES. NO BREATHING OR VENTING CYCLE IS
REQUIRED.

Allow a b second venting cvele if necessary. (Only mixtures with Urac as a resin require this
venting cyele))

. .-
Apply 22,500 psi pressure for 1 minute if a venting cycle was included_ip the sequence
operations,

Release pressure to allow die and charging chamber to e drawn clear of plunger. Remove
product by using a blast of air from an air hose. Apply coating of wag for next cyele,

When process has heon complewed, clean die, charging chamber and plunger with steel
wool and wax; replace in position with zero pressure on gauge. Turn off switches and pull
power lead. Replace thermometers and clean up the area.

*Charge will vary as to particle, species and mixture.
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il. PLYWOOD AND/OR LAMINATED BLANKS

1. Release hold down bolts on coaster plates and/or test dies and plungers. Remove die,
plunger and or charging chamber from top und bottom heat platens; store in locker area.

2. Secure top and bottom flat pressure platens (not shown in drawings, see Figure 1iI-2) in
position between heat platens with hold down plates. (Stainless steel plates between
platens should be waxed to prevent adhesive from sticking to surface.)

3.  Repeat #1 in Section 1 above, preheat platens to 200°F.

1. Repeat #2 in Section | above, clearance should be appruximately 1 inch, '

*

1
Place prepared veneers d5i¥lami.
nates between  stainless  steol
plates. (Veneers, 1728 inch thick,
should only be single spread with
plastic resin adhesive to prevent
excessive squeeze out and a mini-
mum of moisture added to veneers;
this precaution will prevent war-
page in the finished blank.)

Slide loaded oplatens back into
position and apply 15,000 psi
pressure for I minute when using *4
inch thick blanks - more time should
be allowed for thicker blanks.

Release pressure and remove blank.

. Clean and apply cosating of wax to
Trio Press Components, Aluminum Test Die and Plunger {left| and stainless steel plates if needed.

Piy wood or blank Platens [center| (ﬂg. -2}

8. Repeat #8 in Section ! above.

ill. LAMINATION OF THERMOPLASTIC SHEETS
AND/OR PRE-CUT SCRAP PIECES INTO DISCS

Procodure:
1. Release hold down bolts on coaster plates. plunger and/or pressure platens: store in
locker area.

2. Secure round test disc die and plunger in position between heat platens.

4. Repeat #1 in Section 1 above, Preheat die and plunger to 380° F, (Allow 1!:2 to 2 hours to
gain heat selected.)

4. Repeat #2 in Section | above. However, use aerosol special Slide Mold Releave.

5. Deposit prepared sheet plastic discs into the die chamber. (Solid objects: coins, wire, etc.,
can he plared between sheets for permanent bonding.) If desired, scrap pieces or
granulated plastic, 130 gram wt. charge. can be placed in the die chamber 1o be bonded
into a solid disc. (Plastic sheets should be preheated in an” oven at 280°F., until they




become pliable before being deposited into the die chamber. This preheating insures
perfect bonding.)

6. Slide die back into position and apply 25,000 psi for 20 to 30 minutes. You may have to
stabilize pressure during this time.

7. Turn off switches and pull power lead. Clean up the area. Do not release pressure on press,
allow die and plunger to cool until they reach room temperature. (External air applied to
the die and plunger will aid in the cooling process. A recirculating water jacket could be
designed to decrease the mold temperature rapidly.)

8. When the mold has cooled sufficiently, release the hydraulic jack pressure. The mold may
have to be removed from the heat platens to separate die, formed disc and plunger.

9. After removing formed disc, ciean and wax die and plunger for next application.

10.  Formed disc can be sawed, sanded and buffed to the desired shape and luster.

The following articles. bulletins and references have been selected to give you a variety of
techniques, processes and information.

Gimbel, Armin F. "Your Students Can Build This Materials Testing Machine.’’ School Shop,
November, 1973, pp. 45-47.

Heine, Richard W. and Carl R. Loper, Jr. Principles of Metal Casting. New York: McGraw-Hill, 1967.

Kruyrpa. Russell. **Wood Flour Molding for Industrial Arts Laboratories. Industrial Arts and
Vocational Education, November, 1966. p 59.

Lehmann, W.F. **Molding Compounds from Douglas-Fir Bark.'’ Forest Products Journal, Vol. 18,
#12, p 47.

Mater, Jeant “*Bark: Problem or Opportunity?’ Woodworking Digest, March 1969, p 24.
Molding Methods and Materials. American Foundryman's society. 1962, pp 43-54.
Obery, Erick. and F.D. Jones. Machiner's Handbook. New York: Industrial Press, 1969.
“Project Sheets #1-6,"° Dake Corporation, Grand Haven, Michigan.

Rusinoff. S.E Foundry Practices. Chicago, Ill.: American Technical Society, 1955.

Scott, Millett and Hajny. **"Wood Wastes for Animal Feeding.’' Forest Products Journal, Vol. 19, #4,
p 14

Selridge, Lewis R. Jr. **Molding Wood Particles: A Smali-Scale Process.’’ The Journal of Industrial
Arts Education, May-June. 1964, p 30,

Snyder, Charles R. "Wood Flour Molding.’' School Shop, September, 1969, p 60

White. Mark. *'Distilling Wood By-Products.”’ Industrial Education. October. 1973, pp. 30-31.

1.5



Trio Press supplies can be obtained from the following companies:

Dye Pigments. Reichard Coulston Inc., 15 East 26th St., New York. N.Y. 10010; American Cyanamid
Co., Pigments Div., Wayne, N.J.: Hercules Incorporated. Imperial Color and Chemical Dept.,
Glenfalls, New York.

Heat Elements, Type C cartridge type. Catalog #C-143; and Thermoswitches, Cartridge type,
Catalog #17002. Chromalox Catalog #67, C.B. Falls Co., Suite 1003, 317 11th S8t., St. Louis,
Missouri 63101.

Mold Release, Special Slide, Aersol can 18 oz. lasco Industrial Arts Supply Co., 5724 West 36th St.,
Minneapolis, Minnesota 55418.

Resins, Adhesive, Cymel #500 7C3-102, Melurac #304 L-7A9-033, Urac #110 L-709-003. American
Cyanamid Co., Wallingford, gonnecticut 06492.

Wax, Partall Paste #2. Cope Plastics Tllinois Inc., 1111 West Delmar Ave., Godfrey, Ill. 62035.
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1IV. THE PRODUCTION PRODUCT OF INDUSTRY
Mass Production: Principles,  Applications and Operations

Recently a lurge wood products industry, Francer Furniture Co., located in Salamanca, N.Y.,
launched a plant expansion program in which it built and outfitted two separate facilities
ﬁxmultanmuqlv The first facility, an 80,000 sq. ft. building, held the basic rough mill operations,
veneer lay-ups. plastic laminations section and a variety of machines to process solid wood stock
compaonents. The second facility was an expansion of the firm's basic plant, increasing the total size
of this building to 150,000 sq. ft. This building contained a complete finish mill, assembly and
finishing departments.

The two new plants required the installation or relocation of more than 100 pieces of major
woodworking machines. The actual completion time from groundbreaking for the two facilities to
operation of the machines was 8 months. The rough mill system was in the planning stage 18 months
as changes were made to keep up with new developments in equipment and technology. The
consulting «ngineer indicated the one reason why many wood product manufacturers had to shift to
highly mechanzed facilities and making of large capital investinent in automatic machinery was the
difficulty in finding or training skilled workers.

A forward-iooking attitude and a quest for the latest technology to produce finely crafted wood
products is a key to success in this highly competitive industry. This particular company realized the
necessity of expansion and technological improvement of its facilities. This firms expects a total
capacity output to be in the vicinity of $20,000,000.00 annually. New machinery technology and new
materials and methods engineering will continue to develop techr.iques for increasing production per
unit of time for the purpose of reducing the unit cost to maxe business profitable.

Mass production as a basic principle of industry must be more widely taught as a unit of study and
activity in our Level Il industrial arts woodworking classes. It is possible to have success through a
simplified approach to mass production by exploring its advantages and limitations as it applies to
our industrial society. Selected references listed will give a quick summary and a variety of
approaches to this important phase of industry. These published articles go much further info detail
than should be attempted in this introduction to mass production.

The following considerations should b~ kept in mind to assure success in a mass production
endeavor: select and keep operations simple so they will fit the abilities of the students involved. Plan
a production line with available equipment. If the designed product requires more time than a class
period for completion, set up the line so that one or more components can be completed, store the
finished components and continue production at a later date. The product produced should be
worthwhile and retain student pride. Fixtures and jigs,should be inexpensive, easily constructed and
consume a minimum amount of time in fabrication. This will allow changes in various production
nroducts or model changes with a minimum expense involved.

In 2 manufacturing industry the production group determines if a product is going to be produced
on a competitive basis. After they have received working drawings from the product engineering
section they are responsible for designing, creating and selecting the best manufacturing methods,
processes, tools, equipment. time and skills needed to manufacture a nroduct.

Methods engineering must develop techniques for increasing the production per unit of time for
the purpose of reducing the unit cost. To accomplish this, surveys are made, facts are gathered,
analyses are made, and in general, all the information concernirg the mevhods for producing a
product is compiled in an orderly and systematic manner.

John Dryton. a senior Industrial Technology student enrolled in a Motion and Time Study class at
Southwest Missouri State University, assuming the role of a methods engineer, accepted the
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assignment of analyzing the product, interior wood shutters. for this unit of the woods curriculum
guide. After the product had been selected, designed and the drawings completed (Drawing 101) it
was necessary to work out the sequence of events in a chronological order from the raw material to
the assembly of the finished product. To satisfy this need, an Operation Process Chart (Drawing
101-A) was constructed as a graphic representation of the points at which materials were introduced
into the process. sequence of inspections and all operations involved.

Alter all operations were recorded the next procedure was determining the actual flow through the
laboratory area. Using existing equipment in their locations in the Industrial Education Laboratory at
Southwest Missouri State University. a Flow Process Chart and Flow Diagrams (Drawing 101-B part
numbers 101-1, 101-2, 101-3, 4, 101-5) were constructed. These steps gave a realistic view of
transportation, delays and storage of shutter components. To aid production workers. Component
Process Route Sheets were assembled to facilitate production requests. A Methods Outline or **Steps
of Procedure’’ was also assembled for planning convenience.

In summary. the production of the interior window shutters involved: 50 operations, 16
inspections, 41 transportations for a total of 1.126 feet, 8 storages and 22 delays.

The product. interior window shutters, has been analyzed to aid you in setting up your own mass
production unit or duplicating this product as a **starter''. The shutter production has been tested in
a typical industrial arts ‘*shop’’ or laboratory and has provided an incentive and challenge for the
students involved. The bulk of the material used can be received free from small industries using
ponderosa or white pine as raw materials for mill products.



SUB JECT CHARTED Louvers for Interior Window Shutters CHART NO  10i=1-A
DRAWING NO 101 PART NO 1011 CHART OF METHOD
CHART BEGINS In stock 100m CHARTED BY  John Diyton
CHART ENDS At assembly area DATE 5/25/70 SHEET ! OF 2
DISTIUNIT | CHART "DIST JUNIT | CHART
IN TIME SYMBOLS] PROCESS DESCRIP1ION IN | TIME | SYMBOLS | PROCESS DESCRIPTION
FEET] MIN FEET] MIN
v in stock room | Inspect 10° spot
check
Matericl loaded onto a 27 5 > To sutfaces #3
4 wheeled cart
25 | > To suifacer #3 @ Sutface 5° tape:
@ Surface stock to thickness 2 Inspect 100%
V Wait for move - man 54 6 > To shaper #4
i9 2 To jointes #2A & 28 @ Shape iadius on
_ > edges
@ Joint edge V Wait for move -mon
V Wait for move - man 58 7 ) To 1odic! orm sow
! 45
13 | 3 > To table saw #1 Squate end, cut to
| length
Rip to thickness 33 8 To 1odial aim suw
#58
W Wait for move - man Sow tenen shoulders
i one side
10 y > To jointer 12A & 2B v Wait set-up man
° Joint sawed edges ? Saw tenon shoulders
temaining side

4-3




FLOW PROCESS CHART

SUBJECT CHARTED Louvess foi Interior Window Shutters CHART NO 01-1-A
DRAWING NO o] PART NO {0l-] CHART OF METHOD
CHART BEGINS {n stock room CHARTED BY John Diyton
CHART ENDS At assembly areo DATE 5/25/70 SHEET 2 OF 2
POt JUNIT | CHART UNIT |CHART
IN TIME | SYMBOLS PROCESS DESCRIPTION IN | TIME | SYMBOLS | PROCESS DESCRIPTION
FEET | MIN FEET | MIN
3 inspect 10% spot check
58 @ To band saw #4A
=T
Rip stubby tenon
cheek
W Wauit for move - man
35 110) To lathe #7
@ Round tenon
4 Inspect 10% spot check
23 Ll ) To drill press ¥8A
@ Drili pilot holes for
staple
ey
5 l Check over-all dimensions
6 | i2> : To assembly area
V Stored until assembly
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SUBJECT CHARTED  Stiles for Interior Window Shutters CHART NO  101-2-A
DRAWING NO o] PART NO 101-2 CHART OF METHCD
CHART BEGINS  {n stock room CHARTED BY John Diyton
CHART ENDS At assembly areo DATE 5/25/70 SHEET I CF 1
IN TIME | SYMBOLS jPROCESS DESCRIPTION IN JTIME JSYMBOLS | PROCESS DESCRiPTION
TIME] MIN . TIME | MIN.
V in stock room i {18 > To table saw #i
Material looded onto o Plow open end
4 wheeled cart )
25 @ To 'surfacer 73 Wait for move-man
@ Suiface stock to 29 E To mortiser 9
thickness
7 Wait for move-man @ Square sh;)ulde-: cuts
9 14) To jointer #2A & 28 Inspect 1075 spat check
Joint one edge 48 i 20> To shape: #4
Wait for move=-man @ Shape cove on inside
edges
13 @ To table saw #1 n Check dimensions
G Rip to parollel width 59 :21> To diitt press #8 B
Wait for move-man 0 Diitt tenon holes
10 To jointer 12A & 2B n Check over-all dimensions
Joint to finished width Stored unti! tisse mbry
Check dimensions
8 To 1adial arm saw #5A
Square end, cut to length




’,
SUBJECT CHARTED  Rails for Interior Window Shutters CHART NO 101-3, 4-A
DRAWING NO 101 PART NO 10i-3; 10i-4 CHART OF METHOD
CHART BEGINS in stock room CHARTED BY  John Diyton
CHART ENDS At gssembly area DATE 5/25/70 SHEET ! OF _2_
o]} UN1 AR i t
IN TIME |SYMBOLS | PROCESS DESCRIPTION IN TIME JSYMBOLS | PROCESS DESCRIPTION
FEET | MIN 1 FEET ] MIN
V In stock 1oom @ Joint to finished width
@ Material foaded onto 10 Check dimensions
c 4 wheel cart
25 [22 > To surfacer #3 62 26 > To shaper 4
@ ! Surface stock to Shape cove on
thickness inside edges
v Wait for move-man W Wait for move -man
19 23 > To jointes #2A & 2B 58 27> To radial arm sow
' #
SA
@ Joint one edge @ Square end, cut to
length
V Wait for move =~ mon W Wait for move-man
13 { 24 > To table saw #1 33 28) To rodial arm saw
58
@ Rip to width Cross cut tenon shoulders
each end & edges
W Wait for move-man W Wait for set-up
mon
10 25 To jointer F2A & 2B @ Cut tenons to finished
dimensions, cheek cuts
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FLOW PROCESS CHART

SUBJECT CHARTED Rails for nterior Window Shutters CHART NO 101-3, 4-A
DRAWING NO el PART NO 101-3; 10l-4 CHART OF METHOD
CHART BEGINS In stock 1o0om CHARTED BY John Diyton
CHART ENDS At assembly aiea DATE 5/25{20 SHEET 2 OF 2
"D:STJUNIT | CHART DIST JUNIT | CHART

IN | TiMmE SYMBOLS | PROCESS DESCRIPTION IN | TIME | SYMBOLS| PROCESS DESCRIPTION
FEET| MIN FEET] MIN.

V Wait for move-man
25 | 29> To wotk bench

Lay=out tenon angles
27 : 30> To band sow f6A

@ Cut tenon angles

i Inspect 10% spot check

4 3 > To drill press #8A

@ Dsill recess for

adjustment rod
12 gheck over~all dimensions
) 32 > To assembly area
o
V Stored until assembly
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FLOW PROCESS CHART

SUBJECT CHARTED aq: CHART NO_ j01.5.4

DRAWING NO PART NO ipj.5 ~ CHART OF METHOD

CHART BEGINS CHARTED BY _jop, vt |
CHART ENDS___ At ausembly area DATE 5/25/70 SHEET | OF |

DiST LUNIT | CHART DIST JUNIT |CHART

iN | TIME | SYMBOLS | PROCESS DESCRIPTION IN | TIME ] SYMBOLS] PROCESS DESCRIPTION
FeET | MmN FEET | MIN.

in stock room Wait for move-man

Material loaded onto I8 To work bench
a4wheel cart,
25 To surfacer #3 Lay=out staple locations
Surface stock to * 16 To drill press #8A
thickness

Wait for move~man Drill pilot holes

To jointer f2A & 28 Wait for move-mon

—
Joint one edge 59 To shaper #4
Weit for move-man shape radius on
o corners
13 To table sow *1 i4 Check over-all
mensions
Rip to rough width 50 4! > To assembly aiea
Wait for move-mon 1 Stored until assembly

10 To surfacer #3

GFEKGE< BB

Suiface to finished width

Check dimensions

To radial arm saw #5A

Square end, cut to length

S E
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INTERIOR WINDOW SHUTTER METHODS STUDY

Louvers

Surface stock to 1-'4°' thickness,
material can be random width and
length (RW&L).

Joint edges. (Fig. IV-1)

Rip 5/16' thickness stock from the
edges. (Fig. 1V-2)

Joint sawed edges of RW & L stock.
Repeat steps 3 and 4 until stock is
depleted.

Place ripped 5/16'* thick stock on
prepared ‘‘carrier’’, sawed surface
up, and surface to tapered dimen-
sions. (Carrier should be prepared
from 3/4°° Douglas Fir plywood 6"’

Jointing Operation on Jointer 2B [Fig. IV-1] wide and of varied length, having 2

sawed  grooves 5 degrees. off
perpendicular to support the jointed
surface.) (Fig. 1V-3)
Shape desired or specified radius on
edges of random length stock. (Set
up shaper with featherboard and
stock hold-downs for safety and to
aid in continuous feeding of tapered
stock.) (Fig. V-4
X, Square one end of tapered. shaped
stock. Place squared end against
stop block and square off 2nd end to
finished louver length, allowing
sufficient stock for tenons on each
end. (Set up stop block and use
hollow-ground veneer blade for best
results), (Fig. IV-5H)

-2

9. Saw tenon shoulder cuts on each
end of louver stock. re-adjust
height of saw blade and cut tenon
shoulder cuts on each end of 2nd
edge. (Set up stop block and
carefully check tenon material left
on sample cuts before continuing
with balance of louver stock. A
hollow-ground veneer blade is
desirable).

10. Rip stubby tenen cheek cuts on
band saw. (Set up stop block on
fence and allow waste stock to fall
away from blade and fence.) (Fig.
1V-8)

. R ' ~ 11, Force stubby tenon stock into a

Taper Surfacing Operation, Using Prepared ‘Carrier’ (Fig. IV.3} revolving hollow die to produce a

ERIC 4.9




round {enon of desired dimension.
(Die can be made by drilling a hole
of specified size into a ':"' cold
rolled steel plate. Secure die to a
wood lathe  screw  chuck  and
revolve at high speed in the lathe.
A temporary table and guides
must be set up on the lathe bed to
enable the stubby tenon stock to be
forced horizontally into the hollow
die.) (Figure IV-7)

12.  Remove surplus curl of wood left
on the shoulder of round tenon
with a il¢ «~ rasp.

13, Drill pilot %73 in center of large
radius edge for staple. (Fig. IV-8) : =

14. Use abrasive paper to remove Shaping Padias Edges with Hold-down

machine marks on surface and
edges. (This step optional). and Featherboard {Fig. IV-4]

1. Stiies

1. Surface stock to 11/16'".

2. Joint one edge.

3. Rip stock to rough width, leave

stocs for jointing 2nd edge to

finished dimension.

Joint to finished width.

If stock was RW & L, repeat steps 2

through 4 until stock width is

depleted.

6. Square one end of stock, place
squared end against stop block and
square off 2nd end to finished

o &

87 4 dimension.
it e, A P ¢ 7. Plow open end. centered mortise on
Squaring Ends of Stock with Tapered Biade [Fig. IV.S) each edge of stile. {Set up stop to

insure that mortise does not
extend fm"ther thgn desired.)

8. With hollow chisel mortiser or
chisel, square shoulder cuts on
inside edge and end of open end
mortise to receive angular tenon of
rails.

9. Shape enclosed cove cut on inside
edges, leaving 7/16"' raised edge
in center. {Use extended stops or
shaper fence to insure -~-/rac-
shaping distances).

10. On inside edge, mark and dr.i
holes to receive round louver
tenons. (Fig. IV-9)

11. Use abrasive paper to remove
sharp edges left by shaping and
drilling operations. (Surface abra- e o .
sive work on stiles is optional). Ripping Stubby Tenon Cheek Cuts on Loavars [Fig. IV-6]
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Y. Rails

Surface stock to 9/16°".

Joint one edge.

Rip stock to rough widths, leave

stock for jointing 2nd edge to

finished dimension.

Joint to finished width.

If stock was RW & L, repeat steps

2 through 4 until stock is depleted.

6. Shape cove cut on inside edges
leaving raised edge in center.

7. Square one end of stock, place

squared end against stop block and

square off 2nd end to finished

dimension; allow extra length for

tenons on each end.

Cross cut tenon shoulder cuts on

each end and surface for centered

[TV ]

o b

Rounding Lotver Teson, Operation #11 {Fig. IV.7]

L-—-f“"‘"'-v .

tenon: remove surplus material on
each cheek of tenon.

9. Place rail on edge and make
shoulder cut on inside edge,
remove surplus material on edge
to complete bare-faced tenon. {(Use
stop block te insure all tenon
shoulder cuts will be in align-
ment.)

10. Lay out and cut ang: on tenon to
fit in prepared stile slip mortise.
Joints should be closed on should-
ers and ends. (Fig. IV-10)

11, Drill with forstner bit recessed
depth on inside edge of rails to
receive louver adjustments rod in
up or down position. (Fig. 1V-11)

12. Use abrasive paper to remove
rough surfaces left by machine
operations. {This step optionalj.

IV Louver adjustment rod

1. Surface stock to 3/8°".

2. Joint one edge.

3. Rip stock to rough width, leave
stock for jointing 2nd edge to
finished dimensic

4. Joint one surface to finished width.

h. [If stock was RW & L, repeat steps
2 through 4 until stock width is
depleted.

6. Square one end of stock, place
squared end against stop block and

4-11




square Ynd end to finished di-
mensi-n

7. Layout. rodand drill staple pilot
holes along the entire length for
required number of louvers. Stap-
les to be placed on center and
positioned lengthwise of rod. (Fig.
IvV-12)

8. Shape radius on all corners, using
hold-downs and featherboard. If
ends are to be rounded use rasp
and. or abrasive paper.

9. Use abrasive paper lo remove
rough surface left by machine
operations. (This step optional).

b
E)
8.

V. Trial assembly of shutter compo-
nents

1.  Drive staples in pre-drilled edge of
adjustment rod, use spacer to
insure uniform depth.

2. Prepare a jig and fixture to hold
required number of stiles, rails,
and louvers. Louvers should be in
an upright position, properly
spaced with the largest radius up.
{To prepare jig and fixture use
3/4"" Douglas Fir plywood as a
base; joint a 2-!: degree bevel on
edge of spacer stock of the correct
width and thickness to support

Machining Recess for Adjustment Rod {Fig. IV-11} individual louvers; secure spacers
to base; secure correct thickness of

stock to base to shim up and sup-
port a stile on each side of
spacers: tenon holes should be le-
vel with louver tenons).

3. Position a stile on shim supports
on one side of spacers.

4. Position louvers between spacers
on jig with tenons inserted in stile
holes.

Insert rails in 2nd stile, position
stile and rails on shim supports on
2nd side of spacers. Slide stile and
rails into mortises and louvers into
tenon holes. If all dimensions have
beern: held to a close tolerance this
should be an easy operation: if not,
a small sidewise movement of Operation #38 on Adjussment Rods |Fig. IV-12]

[oiy ]
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1.

2.

louvers into 2nd stile may be necessary. Position or close up slip mortise and tenon joints on -
rails and stiles; louvers will align themselves.

Position adjustment rod with staples over the center of the upright louvers. Insert louver
staples through rod staples and drive or push into louvers. \

Remove assembled shutter from jig and test open and closed position of rod louvers. Note or
mark corrections to be made. ' '

If necessary. disassemble components, make adjustments or corrections, re-assemble for
storage or prepare for adhesive.

Final assembly and fitting of hardware

Apply a plastic resin, water resistant adhesive to slip mortise and tenon joints; re-assemble in.
jig and fixture. Use necessary number and types of clamps to square up all joints. Finishing
nails can be driven into the joints from the window side and countersunk to allow clamps to be
removed while adhesive is drying.

Extreme care should be taken at this point to remove all adhesive that is forced from the joint.
Allow correct drying time for adhesive.

Attach hardware for hanging 4 shutter panels using adjustable wraparound hanging hinges.
{(Hardware Kit #99391, Sears, Roebuck and Co. has proven successful--other suppliers have
equal hardware kits.)

Follow directions on hardware package for assembly and installing.

Make final adjustments and corrections before finish is applied.

Finish
Remove shutters from windows, identify so they may be replaced in correct sequence, remove
hardware, and touch up rough areas from installation with abrasive paper.

Apply desired finish with proper technique to insure a quality product.

PROCESS ROUTE SHEETS

Process route sheets of each shutter component have been included for your study. The component
drawings normally lecated on the route sheets are illustrated on Drawing 101-C.
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For component drawing see Drawing 101-C)

PROCESS ROUTE SHEET Part _!_ of 5

Patt Name Interior Window Shutters Patt. No. {0t

Part Name Louver Part. No. 01=1

No. Used Per Unit 25 . Material Ponderosa Pine ,

LENGTH | WIDTH THICK ;ﬂ LENGIH WIDTH THICK
ROUGH | RANDOM | RANDON I1/2" FINISH 55/8" 11/4" | 9/32-5/32°
'?\;e:, Mach . Total Fasses Oper . Sat=-up

No.1 No. OPERATION AND INSTRUCTIONS Per Operation | Time Time
| 3 Surface 2
? 2 Joint 2
3 ! Rip !
4 2 Joint 1)
5 3 Surface !
) 4 Shape edges 2
7 5A Cut to length
8 5B Cut tenon shoulders one side 2
9 5B Cut tenon shoulders 2nd side 2
0 6A Rip tenon cheeks 4
1 7 Form tenon 2
i2 8A Drill staple holes 2




{For component drawing see Drawing 101-C)
PROCESS ROUTE SHEET Part 2 of 5
Patt . Name Interior Window Shutters Patt. No. 101
Part Name Stile Part No. {01=2
No. Used Per Unit 2 Material Ponderosa Pine
LENGIH | WIDTH | THIGK LENGTH WIDTH THICK
[ ROUGH 29 3/8" T13/16" | 3/4" FINISH 29 5/16" I 3/4" /16"
'@per Mach. “Toral Passes Oper. ~Set~ Up
No . No. OPERATION AND INSTRUCTIONS Per Oper. Time Time
13 3 Surface 2
14 2 Joint | !
I5 [ Rip | |
16 2 Joint |
7 ] 5A Square ends 2
i8 | Plow mortises 2
19 9 Square mortise ends 2
20 4 Shape co s 2
21 88 Drill 25




(For component drawing see Drawing 101-C)
PROCESS ROUTE SHEET Part 3 of 5
Patt Name Interior Window Shutters Patt. No. 10l
Part Name Upper Rail Part No.  10i-3
No. Used Per Unit | Material  Ponderosa Pine
[ENGTH | WIDTH T THICK % LENGTH [ WIDTH THICK
"~ ROUGH |7 1/2" | T13/16"] 3/4" FINISH 713/32" | 134" | 96"
Oper | Mach. Total Passes Opes. Set-Up
No. No. OPERATION AND INSTRUCTIONS - per Operation Time Time
22 3 Surface 2
23 2 Joint 2
24 « Rip I
25 2 Joint { (2)
26 4 Shape coves 2
27 S5A Square ends 2
28 58 Cut tenon shoulders é
29 58 Cut tenon cheeks 4
30 Lay out tenon angle 2
3! bA Cut tenon angles 2
32 8A Machine rod clearance i
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{ For component drawings see Drawings 10{~C)
PROCESS ROUTE SHSET Part 4 of _5_
Patt. Nome Interior Window Shutters Pott. No. {01
Part Name Lower Roil Part No. 101-4
No. Used Per Unit | Material Ponderosag Pine
LENGTH WIDTH THICK LENGTH | WIDTH “THICK
ROUGH 71/2" 2 /2" 73/7'4" FINISH 7 13/32" . 7/16" /16"
COper. | Mach. - Totol Posses Oper . Set=Up
No. No. OPERATION AND INSTRUCTIONS Per Oper. Time Time
22 3 Surface 2
23 2 Joint 2
24 n Rip [
25 2 Joint I 2)
26 4 Shape coves 2
27 SA Square ends 2
28 58 Cut tenon shoulders 6
29 58 Cut tenon cheeks 4
30 ) Lay out tenon angle 2
3 A C t tenon angles 2
32 8A Machine rod ciearance {

4-17




( For component drowing see Drawing 10l=C)

PROCESS ROUTE SHEET Part 5 of 5
Patt. Nome Interior Window Shutters Pott. No. 1Ol
Part Namm&mw_ Port No. 1015
No. Used Per Unit { Matericl  Ponderosa Pine
[(ENCTH [ WINTH THICK LENGTH WIDTH THICK
ROUGH 251/8" | RANDOM 3/4" FINISH 25" 3/8" 3/8"
 Oper. | Mach. " Total Passes | Oper. Set-Up
No . No. OPERATION AND INSTRUCTION Per Oper. | Time Time
3 3 Surfoce 2
M 2 Joint 2
35 | Rip I
% 3 Surface @) ¢
37 5A Square stock 2
38 Lay out holes for staples 100
39 8A Drifl 50
40 4 Shape radius 4




The following articles. bulletins and references have been selected to give you a variety of
techniques, processes and information.

B 1eckman, J.C. '*Manufacturing Technical Semester.'" Industrial Arts and Vocational Education,
December, 1970, pp39-40.

DeBat, Alfred. ‘‘Fancher Furniture Engineers Two New Plant Facilities.'' Furniture Design and
Manufacturing., September, 1969, pp28-44.

Dutton. Bernard. *Mass Production-Principles, Applications and Operations.’ Schoo! Shop,
September, 1966, pp44-46.

Evolution of Mass Production, The. Ford Motor Company Publication, Educational Affairs Dept.,
The American Road. Dearborn, Michigan 48121,

Figurski, Arthur J. *Manufacturing Products for Christmas.'' School Skop, September, 1970,
ppoHR-5Y

Gerbracht and Robinson. Understanding America's Industries. McKnight and McKnight Publishing
Company, Bloomington, Ili.

Hulen, Charles R. **A Flock of Mass-Produced Ducks.'' Industrial Arts and Vocational Education.,
September, 1970, pp29-34.

Kettering. Charles F. and Allen Orth. American Battle for Abundance. General Motors, Detroit,
Michigan 48202.

Magowan, Robert D. '*Operation Process Chart.-Tool for Mass Production.'' Industrial Arts and
Vocational Education, May, 1967, pp62-63.

Nelson, Hilding E. ''The Production Project as a Unifying Experience.'’ School Shop, November,
1867, pp50-51.

Parke, Nelson L. One Every 30 Seconds. Greenwood Laboratory School, Southwest Missouri State
University, Springfield, Missouri 65802.

Tuura, Clarence & Grace. ‘*Add Zest to Project Activities With Time & Motion Studies.'' Industrial
Education, September 1973, pp. 46-47.

Whaley, Don. ‘‘Simulate Industrv in a Laboratory Factory.'' Industrial Arts and Vocational
Education, October, 1970, ppbs-42.

World of Manufacturing, The. Industrial Arts Curriculum Project. McKnight Publishing Company,
Bloomington, Illinois.
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V. WOOD PLASTIC COMPOSITION (WPC)

Wood Plastic Composition (WPC) is one of the most exciting developments in the wood using
industry. The strength and stability of the new material overcomes many problems of wood life and
durability. W PC is an example of man's ability to modify a natural resource by increasing capabilities
of its application.

The combination of wood and polymers should provide an additional area for future research and a
variety of new products for the woods industries. The future of the WPC process will depend upon the
imagination of the users.

Wood has been the number one product for the construction of furniture and building material for
many years. It is one of the worlds oldest, cheapest, most abundant, easily handled, durable. and
attractive materials used for construction.

In 1868 the first plastic was researched as a replacement for the diminishing supply of certain
natural materials. As early as the 1930's, plastic was used to produce products in large quantities for
commerical use. Plastics could be molded into so many forms that they were rapidly taking over many
of waods’ traditional markets.

Wood scientists. always searching for a way to improvce the properties of wood, researched the idea
of compatibility of wood and plastics. To combine the characteristics of both wood and plastics was
the final goal. Filling the air pockets of the wood cell structure with plastic could create a new product
combining desirable features of the two materials.

Bakelite plastic was first used to create a wood plastic composition product, however the resuits
were unsatisfactory, Absorption was uneven and the formaldehyde soaked wood was dangerous to
handle. Wood dimensional stability however was achieved.

Atomic energy gave a promising new approach to the WPC process. By using gamma rays,
produced by a nuclear reactor, it became possible to polymerize the plastic monomers. The gamma
rays penetrate deeply without losing strength and polymerize the plastic without the use of heat.
Research has heen sponsored by Atomic Energy Commission as far back as the 1860°s.

Dr. John A. Meyer, of the State University of Forestry, Syracuse, New York, recently developed a
process that allows small businesses and schools to make WPC products without an expensive
radiation process He called it the chemically initiated process, and involves using a catalyst that
polymerizes the plastic by gentle heating.

Various plastic monomers can be used in the WPC process but methyl methacrylate, polystryene
and polyviny! acetate are the most popular. Some plastic monomers when used in this process
develop too much heat, causing the wood to split or degrade. Monomers that are expensive, difficult
to handle and those that require too much heat eliminate themselves from this procedure. Methyl
methacrylate monomer at the present time seems to be the most desirable for industrial arts woods
laboratories.

Scientists are now searching for new monomers that will surpass methyl methacrylate. When these
new monomers ar: found the desirable feature should include easier handling during preparation,
more uniform impregnation, greater bulking of the wood, greater strength and increased moisture
resistance.

Acsthetic appes! and ease of maintenance are the two featured attractions of WPC woods. The
monomers penetrate deeply throughout the wood giving a permanent build-in finish. Dyes can be
added to the monomer mixture to give any color, hue or tone desired. Increased strength, hardness,
abrasion resistance. durability and dimensional stability are desirable added characteristics of WPC
process woods.

S-1



Light sanding and buffing removes scratches and dents from WPC woods. Wet sanding is
recommended since dry sanding causes the abrasive paper to become loaded with plastic. Final
buffing with pumice and or rotten stone produces a smooth, highly polished surface. WPC woods can
be buffed on a muslin and/or flannel buffing wheel using Tripoli as a polishing compound.

WPC woods can  be fabricated by sawing. drilling. planed and/or turned with conventional
equipment. A slower rotational speed is required to prevent tools from becoming too hot and keeping
the surface plastic from melting. Carbide tipped cutting tools are recommended but not essential.
Feed rates must be kept high when planing WPC woaod.

WPC wood chips less and is easier to work than ordinary wood. Shavings from drillings or turnings
come off the wood in a string similar to ribbons; saw dust is almost eliminated.

Shrinking, warping and swelling limits the application of wood in many instances. WPC woods
absorbs less water and changes less dimensionally than ordinary wood. If the new wood is used
“outdoors, it is necessary to apply a finish. WPC provides an excellent base for paint or lacquer.

WPC woods can be glued using phenol-formaldehyde, resorcinal glues and/or expoxy cements.
Contact vinyl and polystyrene cements as well as animal-base glues do nnt give a firm bond.

WPC processed woods have many uses. Their warmth and beauty, durabi i*v, repairability, low
maintenance costs and dimensional stability make them adaptable to many pr. ‘'ucts. Industrial arts
woodworking students, Lev. ' I-1V, should find many applications for the improved wood created by
the Wood Plastic Composition Process.

Construction and Assembly of the Wood Impregnation Unit

I. Vessel

1. Secure steel pipe of desired diameter. length and wall section. Vessel shown in Fig. 9 measure
10" inside dia., 10'" long and has a '+"" wall thickness. The added vessel shown in Fig V-1
measurers 4'; inside diameter, 2'-5!':" long and has a 3/8"' wall thickness.

Cut pipe to length with a power hack saw.

Cut off a 4" length. secure in metal lathe and face one edge.

4. Machine a groove in the faced edge to receive 'z of the cross section of the selected sealing
ring.

5. Prepare the two pipe sections for butt welding by grinding bevels on the jointing edges. Tack

and weld the two sections to the desired vessel length. If a metal lathe is available to hold

square and groove the selected pipe length, omit steps 3 and 5.

6. Secure! '’ steel plate for base of
vessel, cut to size desired.

7. Tack and weld four threaded bolts
{remove bolt heads), 3/8 'x1%4"’
long equally spaced around the top
edge of the vessel pipe. Bolts
should project beyond the grooved
edge by 3/4"".

8. Secure 's’" steel plate for top of
vessel, cut to size desired.

9. Locate. drill and tap threads in
three ho'es driled through the top
plate * receive 's’' pipe nipples.
Locate, drill and tap threads in a
hole near the base of the vessel to
receive a s’ pipe nipple.

10. Drill holes in top to receive vessel

3/8"" bolts. Long and Short WPC Impregnation vessels [Fig. V.1]

[
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11. Clean top plate and vessel of oil used in cutting threads.

12. Weld pipe (vessel) to bottom plate,

13 Apply compound to pipe threads and secure nipples in top plate and vessel side. Apply
compound to pipe threads and secure the lower half of a ‘<’ union type coupling to pipe
nipples threaded into the vessel top.

14. Thread 2nd halves of :- ' union type couplings to the vacuum gage (Marsh Instrument Co.,
Skokie, 111.), surge tank gate valve and monomer charge gate valve ('« 3 R. American Gate
valve.). By using a union type coupling it is possible to use the monomer charge unit, surge
tank valve unit and the vecuum gage on a variety of vessel styles and sizes. The valves and
gages can he quickly secured to the vessel top selected as shown in Fig V-1.

15. Use thread compound when threading gate valve to drain pipe nipple.

16. The monomer charge funnel van be purchased. adapted with correct fittings and secured to the
top plate funnel valve. ‘

1. Surge Tanks

1. Secure steel pipe of desired diameter, length and wall thickness. (Tanks shown in Fig.
V-l measures 3/8°'° wall thickness 12':'' outside diameter and 3'-7"" long.)

2. Secure 4 pes of 'o'° steel plate for ends of the tanks, cut to size desired.

Drill holes and tap threads in center of two plates to receive Uq'' pipe nipples.

-~
e
-

4. Drill holes in center of two plates to allow interconnecting tube between the two tanks, see
detail 2 on drawing.

5. Clean plates of oil used in drilling and threading steps.

6. Woeld end plates to surge tanks, weld interconnecting tube to tanks.

7. Secure s pipe nipples to ends of tank, use thread compound.

8. Weld angle iron tray or table to top of surge tanks to receive impregnation vessel unit and

vacuum pump unit. :
9. Weld surge tanks to under carriage unit as illustrated in drawing.

III. Assembly of Unit Components

1. Secure vacuum pump unit (Lammert and Mann Co., #12247: R.P.M. 675; Type. SAMG. Size

1, Chicago. Ill. Unit is powered by a !zh.p.. 115 volt electric AC motor.) to angle iron tray.

Install on-off switch, allow sufficient power lead to reach power recepticle.

Install filter in line between vacuum pump and surge tank hose.

3. Install air hoses from filter to the left surge tank, from right surge tank to impregnation
vessel top, and the vessel drainage valve. Secure all hose with hose clamps.

4. Secure top to vessel with wing nuts. Sealing ring should be in position as shown on detail I
on drawing.

5. Connect all pipe unions couplings and secure with wrench - no compound needed. Drain
valves, surge tank valve, monomer charge funnel, vacuum gage and all hoses should be
connected.

3]

IV. Test WPC Unit

1. Close monomer charge valve, open both surge tank valves, close drainage valve.

2, Switch on vacuum pump, let pump run until the vacuum gage has a steady reading at 26,
should take about 5-10 minutes.

3. Close surge tank valve no. 2 and switch off vacuum pump.

4. Let the WPC unit set for 30 minutes to insure that the vacuum will hold. If the vacuum holds,
the wood impregnation unit is ready for wood processing.




WPC TREATMENT OF WOOD

Before a student(s) undertakes to produce methacrylated wr »d he should be oriented as to the
necessary equipment and materials he will use and be familiar with the procedure and sequence he
should follow. A ‘dry-run’ is recommended to insure that: all equipment is functioning properly,
materials are available, sufficient time has been allotted to complete the entire process and clean up
time allowed to protect the individual, laboratory. and equipment involved.

Materials needed for a processing run are listed as follows: methyl methacrylate (monomer), vazo
(catalyst), oil-soluble dye (optional), paper cups to weigh out catalyst and/or dye, containers to hold
the required monomer mixture, gallon glass jars with sealable lids to store unused monomer mixture,
wire grids to separate wood pieces, wood to be treated, wire basket for holding wood in the treatment
chamber {optionall. a metal weight to keep wood from floating, gram weight scales, heavy aluminum
brailing foil, masking tape, tongs, rubber gloves and apron, face shield, measuring cups and spoons,
acetone for clean up, paper towels and saw dust to soak up any monomer that is spilled on the floor.

In order to secure accurate records on each ‘‘run’’ in the WPC process, definite procedures should
be followed. Prepare wood to be treated by the following methods: surface stock two sides, joint one
edge. rip to width dimension, joint second edge, square one end (use hollow ground blade), square
second end to length dimension, stamp numbers in each piece, round edges and corners (1/16"
radius) with abrasive paper to avoid tearing of the aluminum foil during the wrapping step. Record
dimensions, weight, species, cubic inches or volume of each piece of wood to be processed. Wood use
in this process should have a moisture content of 6-8 per cent. After treatment the percentage of
increased weight can be calculated for each piece of wood. If desirable results are not obtained in the
first run, the procedure can be adjusted for more favorable results.

To properly determine the amount of monomer needed the following information will be helpful.
The total volume of the impregnation vessel {10°' dia. by 10'' deep) shown in Figure 9 is 785. 0 cubic
inches, holds 3': gallons and the volume of each inch in height is 78.5 cubic inches. The vessel shown
in Figure V-1 (444" inside dia. by 2°-5!:"* deep) is 545.4 cubic inches, holds 2': gallons and the
volume of each inch in height is /8.8 cubic inches. One pint of methyl methacrylate contgins 26.75
cuhic inches and weighs 457.0 grams. One cubic inch of monomer weighs 17.1 grams.

The wood to be treated with the WPC process must be covered by at least 2 inches of monomer
during the soaking period. To determine the amount of monomer required, a run was carefully
che~ked and the procedure listed below for your convenience., The 2!': gallon impregnation vessel
was used,

Six pieces of wood were prepared. weighed and the total number of cubic inches or volum~ was
calculated to be 67.68.

The height of the wood to be treated, plus wire grids to separate the wood was determined to be
8.25 inches high. To insure that the wood would be covered by at least 2 inches of monomer at the end
of the soaking period. 4 inches was added to this number. The total height of wood to be treated plus
4 inches allowance is 12.25 inches.

The total height »f the liquid calculated should be multiplied by the volume of one inch (18.18) of
the vessel. The required part or volume of the vessel to he used is 222.70 cubic inches.

Subtract the total volume of the wood (67.68) from the volume of the height in the vessel (222.70) to
be used; this value will be 155.02 cubic inches.

To accurately measure the mixture, convert the volume of monomer calculated into gram weight.
Multiply the weight of one cubic inch of monomer (17.1) by the volume of monomer {155.02) needed;
this value will be 2,643.72 grams.
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Favorable results have been accomplished by using a catalyst mixture of 4 to 1000. To obtain the
correct amount, multiply the amount of liquid needed by .004. The catalyst to be used will be 10.53
grams. Subtract this amount from the total gram weight of monomer (2,803.72) to obtain the new
total weight of monomer needed: this value will be 2,623.19 grams.

Oil-soluble dyes will give a variety of hues and colors to the treated woods. Vary the amount as
desired; it is suggested that 12 0 (.005) dye on weight of the monomer would be a starting point (this
step is optional).

Prepare pieces of aluminum broiling foil to wrap or fold around the treated wood after the soaking
period. The wood should be wrapped immediately after removal from the monomer. The more
carefully the wood is wrapped and taped the highe percentage of weight increases will be

accomplished. The liquid and/or fumes of the monome st be contained within the wood for best
results,

Wire grids should be used to separate the woud under treatment, both in the vacuum and soaking
steps. If the 21 gallon impregnation vessel is used a wire basket or containing device should be
fabricated to make removal of the wood easier. One piect of wood should be removed and wrapped
while the other wood pieces are soaking in the monomer. If an open basket is used it will be necessary
to weight the wood down to prevent floating.

The drving unit shown in Fig. 4 was used in providing heat during the hardening or polymerizing
period. A separate container, double boiler type, (foil wrapped wood should be heated inside) was
fitted with an euasy to seal top and positioned inside the Automatic Drying Chamber. An exhaust pipe
fitted into the top with a hand tightened pipe union coupled with a rubber hose extends this vent to
the outside of the building. A thermometer is fitted into the removable top of the container to aid in
regulating the desired temperature. The automatic drying unit used requires 3 hours preheating to
vlevate the desired temperature inside the container. Chamber temperature will range from a high of

177°F. to a low of 172°F. The container used for this unit was a surplus stainless steel army cooking
container.

it is recommended that an exhaust fan or paint spray booth be used as a vented area for the
monomer-catalyst mixing. soaking. wrapping and clean up steps. The booth should be provided with
explosion proof type switches for fans and lights. Two ground wires should also be installed in this
area for grounding the WPC Impregnation Unit and the monomer pouring container.
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OPERATING PROCEDURE FOR WPC IMPREGNATION UNIT

t. Position unit outside vented area.

-

Position woud in impregnation vessel, Grid or wire screen should be placed in the bottom of
the vessel to allow solution to circulate around wood. Place grid or screen over wood and
secure with weights.

b

3. Secure vessel top, close vessel drain valve, open valve leading from vessel to surge tanks,
close valve to monomer charge container and open valve leading froin vacuum pump to
surge tanks.

4. Plug power lead into 110 volt receptacle, start vacuum pump. After 5-10 minutes pumping
time the vacuum gauge should read 26 and stable. Pumping time will vary with different
spucies of wood: however, 30 minutes is adequate for most. (Check oil flow in sight holes of
pump to insure lubrication if pumping unit is of this type.)

5. Mix monomer{Methyl Methacrylate), catalyst (Vazo) and dye (optional) while pump is
making final draw-down. The monomer-initiation-dye solution should be mixed
immediately before using. Safety pre-cautions, procedures and equipment should be used
during the handling, mixing, pouring, draining. wrapping of treated woud and during the
clean up. Rubber gloves and apron and a face shield should be worn: mixing of solution
should be in a vented area.

6. After allowing the correct draw-down time, close valve from vacuum pump to surge tank:
then turn off pump. unplug and coil power lead on unit.

-3

Move Wood Impregnation Unit into vented ares and attach a ground wire to the unit,
{Exhaust or ventilator should be running from this point until the wood is wrapped in foil
and the machine valves, lines, vessel and area is clean.)

%, Attach a ground wire to mononer-initiator-dye container before pouring mixture into
monomer charge funnel.

9. Open valve to impregnation vessel allowing monomer solution to drain into vessel. Leave
this valve open. Dissolved gases from the liquid will escape into the surge tank(s),

10. The monomer-initiator-dye solution should bhe allowed to soak into the wood for one hour.
11.  Open lid on top of impregnation vessel.

12,  Remove a piece of wood: caretully wrap and seal each piece in heavy aluminum braoiling foil
to keep solution from evaporation or bleeding out of the wood. -

13.  Place foil wrapped wood in explosion proof oven for 3-4 hours at 160-180 degrees, F. in
order to polymerize or solidify the plastic. Methyl methracrylate is volatile and flammable
so extreme caution should he used to prevent fire and/or explosion, If the Automatic
Dryving Chamber is used for polymerization, place foil wrapped wood in double oven unit,
secure lid, connect outside vent and close chamber door. Heat sequence No. 1 should be

used; this will allow air circulating fan to run only during the time the heating element is
on.
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15,

18,

15.

4 2 o

A« soon s possible, drain the monomer from the impregnation vessel (the monomer can be
refrigerated for later use or dispored of by correct manufacturer's recommendations),
clean vessel, valves, lines and equipment with acetone to eliminate excess fumes and
frovzing of valves. Cleaning can be completed during the polymerizing period.

Before storing unit for next production run, draw vacuum and exhaust fumes through the
monomer charge funnel several times to clear gases trapped in surge tanks. For this step
the unit should be positioned outside the immediate vented area but close enough for the
exhausted fumes to be removed outside the building by the exhaust fan.

Remove wood from oven after heat time lapse, allow wood to cool to room temperature and
remove wrapping foil,

Weigh the wood pieces to determine the percentage of weight increase. This increase in
weight as well as a visual inspection will determine the success of your **run’’. The per-
centaje of increase is found by dividing the amount of increase by the original weight. The
six picces processed in the above sample had the following increase in weight: hickory
2000 ; oak, red 384 : pine, ponderosa 19 ; maple, hard 53 . Earlier runs (Fig. V-2) have
produced the following percentage
increase: walnut 44': “C: mahogany,
phillippine 98 ; maple, hard 62 ; ash,
white 40 : ash, brown 66 ; beech
47 gum, red 77%; korina (limba)
76¢ . cherry 66, engelmann spruce
137¢t and sugar pine 133¢!

The processing of wood by the WPC
chemical initiator procedure should not
serve only as a woods laboratory
experiment or exercise in the industrial
arts program. This process should
provide a new material to be used in
fabricating wood products or compo-
nents of products. To gain ideas as to
- . how this new-old material can be used,

Controf and Test Samples of Methacrylated Wood [Fig. V.2] read the selected references and sce

suggestions as to its recommended use
in our industrial arts woods program.



The following articles, bulletins and references have been selected tn giw you a variety of
technigues, processes and nformation,
&

“A New Coneept in Flooring.”” The American Novawood Cotp.. l.yncl{burg. Va.

Checek. Gerald. **An Industrial Education Plant for Producing Super Wood.'' Schoo! Shop, March
1969, pp. 60-63.

Decristoforo, R.J. *“A Home-Shop Test of Irradiated Wood.'' Popular Science, March, 1968, pp.
166-173 and 190.

Langwig. Meyer and Davidson. *‘New Monomers Used in Making Wood-Plastics. '’ Forest Products
Journal, Volume 19, Number 11, November, 1969, pp. 57-61.

“"Methacrylated Wood'' and Methacrylate Monomers-storage and Handling.'* E.l. DuPont De
Nemours and Company, Inc., Electrochemicals Dept., Willimington, Delaware 19898.

Meyer, John A. “Make WPC Materials in Your Plant.”" Woodworking Digest, 1966, pp. 35-37.

Meyer, John A. “‘Production of Wood-Plasiic Materials Using the Catalyst Heat System.'’ State
University College of Forestry at Syracuse University, Syracuse, New York 13210.

“"Modified Woods.”" United States Dept. of Agriculture, Forest Service, Bulletin & 2192,
Washington. D.C.

Parade of the Wooden Bearings.”" Qilways Publication, 1972, pp. 7-9.

““Vazo 64.”" E.I. DuPont De Nemours and Company, Inc., Industrial and Biochemicals Dept.,
Wilmington. Delaware 19898,

Wood-Plastic-Composition supplies can be obtained from the following companies:

Dyes - oil soluble (blue, yellow, orange, brown, and red powders are available)., E.I. DuPont De
Nemours Co.. Inc., Dyes and Chemicals Division, Room 1526, 7 S. Dearborn St., Chicago, Il
60603. .

Methyl Methacrylate Monomer #H212 (with inhibitor added) igal. (39 Ibs) lots or more E.1. DuPont
De Nemours Co., Inc., Wilmington, Delaware 10898,

Vazo (catalyst). E.I. DuPont De Nemours Co.. Inc., Industrial and Biochemicals Dept., 4251 S,
Crawford Ave., Chicago, [1l. 60632.
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V. RESIDENTIAL CONSTRUCTION

America must build 26,000 dwelling units by 1980. One half of our new homes are wholly or
partially pre-fabricated. then shipped to the building site. By 1975, prefabricated or manufactured
construction of housing is predicted to be over 75 per cent. A large construction firm reported they
could not produce a house for less than 820,000 and stay in vusiness. Fewer houses were built in the
60's than during the 50°s. A Bureau of Labor Statistics booklet entitled, ‘' Looking Ahead to a Career”,
projects that there will be an employment increase of 32 percent in the contract construction industry
during the decade 1965-1975. Our nation’s housing problem has swelled to truly critical proportions.
A new house is one of the best investments a family can make.

The above statements or facts selected from comments made by housing experts in reference
books., periodicals. newspaper articles and presentations should convince the industrial arts
instructor that a unit of residential construction should receive high priority in his Level II and IIf
woodworking classes,

In a special building issue the Better Homes and Gardens magazine listed '‘Ten problems the
building industry must face up to,”’ as: (1) mortages and their costs, {2) restrictive building codes, (3)
the will of the people means less and less, (4) superficial selling, (5) theé industry lacks social
veiwpoint and conscience. The first five problems listed have an indirect bearing on industrial arts
woods curriculum content, however they could easily form the basis for related type course content.
The second five problems listed can be more directly blended into manipulative laboratory
experiences in industrial arts woodworking residential construction teaching units. These five points:
(6) soaring costs of building, (7) land costs and use, (8) product quality and improvement, (9) design
mediocrity, and (10) you, should form the basic foundation for a unit in construction.

Woodworking students should have a basic understanding of the commonly used framing method
of house construction (Fig. VI-1) but should also realize the need for and participate in the new
technology methods used in the construction ‘'sytems’' approach.

The residential construction house plans, Sheets 1-6, specifically developed for this unit wil! enable
teams or crews of the woodworking class to: gain construction practices, organize their activities as a
group. expand their knowledge of the world of work and better inform themselves of the qualities
needed in the most expensive item they will purchase in their aduii life.

To successfully utilize machines,
laboratory space and aid in student self
organization it is suggested that a fourth
of the class be assigned the responsi-
bility of working on section No. 1 for the

\ .
first quarter of the school year. (Fig
P ‘ \l V1-2) The second group of students will
s .0 be assigned section No. 2 for the 2nd

quarter, 3rd group No. 3 section. 3rd
quarter and No. 4 group No. 4 section
for the 4th quarter. It is anticipated that
all sections will not be finished to the
same degree of completeness. Only one

k
rE section of the house should be under
~ ' construction at one time.

A suggested crew's (6 students?)
work or duty assignment could be: one
End View of Section #1 Rough Framing [Fig. VI-1] student as a foreman or leadman: one
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student  in charge of ordering  and ¥ o
. . # : i
delivering lumber to student crewman L

e T T '
‘ i Sy W
ering lum! . el .
tadditional duties could include cutting P .é {%\%
to length cripples, headers, braces, ) ‘ﬁ\ &&ﬁﬁ\ \‘Q}‘*

ttimmers and nailers as required for the

— -
door and window rough opening com- '
ponents): one  student  cutting  and ; l
assembling the foundation, post and f
footings, girder and sill plates and g1
securing a '+ inch hardboard sheet to ’ .
the foundation footing to be used as a ,J_."-‘ 0

\

spacer and component storage floor);

one student setting up the floor frame i\
theader and rim joists, flooring joists, § = A aplh
bridging and sub floor): one student i \ ; '
assembling wall sections, window and

door rough framing components and
partitions; one student cutting roof truss Assembled Framing Unit, Section #1 [Pig. V1.2|

components and assembling the trusses
in previously prepared jigs. (Fig. VI-3)
As the various crew members complete
their first assignments, the foreman
should reassign them into the as-
sembling and finishing out the portion
of the section they have been assigned.
No student should work on the same job
area of the house more than four class
periods; a work detail rotation will be of
more educational value.

After each student crew completes
their house section or the school quarter
ends, the house components above the
floor frame should be removed by units

Roof Truss Assembl . and stored in the foundation base. (Fig.
' y Jig (Fig. V1-3) VI-4) Sections above the floor frame

should be designed for pinning together
rather than be a permanent structure.
This method of assembly will take up
less 1A laboratory storage space. and
again project the idea of one type of
“systems’’ approach to construction.
Speedy type rivets have proven to be
ideal for quick assembly pins. At the
end of the school year or when desired
for instructional purposes the various
sections can be removed from storage,
{Fig. VI-5) reassembled and moved into
position tc show the residential con-
struction unit in its entirety. (Fig. VI-6)
This method of house section con-
struction will avoid the overcrowding of
the laboratory area and machines.
While one quarter of the class is

Stored Components of Section #3, Sectlon #2 and #1
working on the housing unit the balance Attached for Alignment {Fig. V1-3}




of the class can work in other areas
producing products in the areas of
laminations. wood flour and or particle
molding, PEG processed woods and or
fabricating WPC materials into useful
products.

The production unit of instruction can
be accomplished in part by the total
class participation in manufacturing the
scaled dimensional lumber for the
residential construction unit. Production
and use of the power machine tools can
be justified at this early stage of the
course as all machine operations can be
well guarded with featherboards, hold

down and guards. Only repetitious
House Sections Stored Before Assembly {Fig. V1-5/ operations are required for production.

:
i 4
®
H
3
3
H
i
§e
H
{
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tf all the scaled dimensional lumber can
be produced at this time the machines
will he free for other unit activities
assigned. The summary sheet of the
Materials List will be helpful in
determining a final stock tally. It is
suggested that an overrun of 10 per cent _ .
be manufactured for each total stock : I fred
size listed.

The following methods or sequence
study will be useful in setting up a class
“production run’’ of scaled lumber. An
itemized materials list will be found at
the end of this unit.

House Sections Assembled to Test for Alignment [Fig. Vi-6]

MANUFACTURING SCALED DIMENSIONAL LUMBER FOR RESIDENTIAL CONSTRUCTION

The following procedure has been carefully tested and the total number of stock pieces can be
manufactured as listed. Manufactured scaled lumber will vary as to the total tally according to the
grade of lumber selected and placement of knots in each rough length. All manufactured lumber
should be clear stock. Use featherboard and fence on all band saw operations.

Procedure recommended:

1. Order 100 bd. ft. of #2 Common, Ponderosa Pine. Suggested sizes are 3/4''x1112°'x16’
{4pes). 147 (1 pe), 127 {1 pe), and 10° (1 pe).

[

The following lengths will be processed in manufacturing the required stock found on the
summary sheet of the material list. Spray paint the ends of the rough cut stock to be used in
producing 2x4's {brown), 2x6°s (black), 2x8's (green), 2x10's (almond), and 2x1?'s (red).
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No. of pcs.  Actual No. Stock No. Stock

Length Sizes Sizes,

Required Required Final Tally Stock Sizes
37" 3i4 358 2 x 4 x 92 5/8"tuds
3" 60 80 " x10'

43" 40 50 "ox i2's
130 145 ox 14's
28" 27 36 " ox 16's
13 16 " x 18'

37" 49 77 2 x 6 x 92 5/8" studs
43" 21 47 "ox 12
i7 24 I
25" 84 99 " x16's
3" 84 Ho " x 20
25" 4 20 2 x8x16's
3" 26 27 2x10x 10's
22" 3l 32 " x12'
25 28 "ox 14'
25" 70 90 "oox 16's
37" 17 47 2 x12x10's
18 26 o x12's
28" 7 23 " x 4's
2 i0 "oox 18's
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10.

11.

12,

13.

14,

15.

16,

IR,

Ripall *«"" x 117" brown pes. (2x4°s), black pes. (2x6°s), almond pes. (2x10's) color cf)ded
stock to 2 13/18"" width on the band saw. B.nk saw kerf, ': "' blade. should be 1,16 inch.
Use ripping fence.

Rip the " x 111" green (2x8°s) color coded stock to 2 1/8" width.

Rip all *+"" x 11':"" red pes. (2x12°s) color coded stock to 1 9/16'" width.

Center rip all brown, almond, green and red coded stock strips on the table saw; saw ke:f
should be 1/8"", Secure featherboard or auxiliary fence to table to insure that all stock is
center ripped to approximate 5/16'" thickness.

. Surface black coded (2x6's) stock to finished (scaled) width as shown on drawing, Sheet 6 of

6.

Rip black coded stock to 5/18'° thickness: each 2 13/16" strip should produce at least 8
pieces 5/16'' thick. Use featherboard and fence on band saw for safety and to insure even
cut strips.

Surface. one pass only. all brown, almond. green and red coded stock to dimension stock
thickness as shown on drawing, Sheet 6 of 6. Do not surface thickness below actual '4'*,
scaled thickness would be below the safaty tolerance for surfacer operation. If a surfacer is
not available all stock can be produced to dimension by ripping only. This method will
result in sawed surface on 2 or more sides or edges.

Surface black coded stock to !'4°° thickness. 2x6’s should now be finished dimension in
thickness and width.

Rip brown coded stock to ':"" width: each 2 13/16'° by 's "' thick stock should produce 5
pieces.

Rip green coded stock to 1 1/32"" width; each 2 1/8'° by '+ "' thick stock should produce 2
pieces,

Rip almond coded stock to 1 3/8"" width; each 2 13/16"" by '«'" thick stock should pro-
duce 2 pieces.

Surface, 2 passes required. red coded stock to scaled finished width dimension as shown on
drawing, Sheet 6 of 6. (Clamp two *s''x4"" pcs. of stock to lower bed of surfacer to set up
channel for surfacing of width dimension of 2x12's; 2x10's, 2x8's and 2x4's in that order.
Channel should be wide enough to allow at least 10-15 pieces to be surfaced at one time.
Fach of the two passes should remove approximately 1/32°, the second pass should
remove sufficient stock to provide scaled stock width. By surfacing the widest stock 2x12's
first, it will be pnssible to reclaim all stock that would not surface to specified width

dimension. As you continue to surface stock the channel boards will require surfacing to
provide table opening.

Repeat step 14 for almond, green and brown coded stock in that order.

Secure or tie all color coded strips in bundles of specified lengths to avoid excessive
warping if cutting to length is not possible or desired at this time.

- Cut all scaled dimension stock to length as required on summary sheet. It is suggested that

the longer lengths be cut first. Allow an increase of 10 for overruns.

Bundle finished stock sizes and color code the ends with a magic marker. This will allow



for easy inventory as to various lengths, Suggested color code: studs-blue, 10°s orange,
12'x black, 14's red, 16's brown, 18's green, 20's yellow.

19. Inventory manufactured lumber and set up an inventory sheet or procedure so that the
various stock sizes can be ordered by student work crews,

20. Square the ends of all scrap stock that could be used for cripples, braces, nmk-r-s or
trimmers.

Woodworking students in Levels HI
and IV should he utilized to construct
component construction jigs and fix-
tures for Level Il students. (Fig VI-7).
These jigs should be designed to enable
students to set up wall sections, rough
door and window openings and trusses
for fast installation in the various house
sections. (Fig VI-8). This assembly
method should introduce Levels -1V to
the ‘‘systems’’ approach used in

ﬁﬂ}l}gl“ii11‘\§\\\\“‘ construction. To more completely un-
"Aﬁ derstand the new techniques and
- F‘Q\ processes utilized in construction, the

periodical articles selected should be

read; they are listed at the end of this
unit.

Wall, Window, and Door Component Jigs snd
Assembly Tools [Fig. Vi-7]

No attempt has been made to set up a
step by «top procadure for various
student crews in working on their 5
assigned sections. The references listed = -——-——"—'-"--3"---"-""'-""""

at the end of this unit should be studied
==!i g
11§8 !

or used at appropriate times to aid in l‘?ﬂ!‘ﬂ.!!ﬁgg

assembly. The simple style gable roof

(Fig VI-6) selected for this unit house " lll!!@i

also allows a chance for modification of o “3"1
JS?. i

“section 1 and 4 tn a hip type roof. By
selecting and using assembled roof truss
components, no load bearing walls are
necessary, allowing a variety of interior
floor plans to suit your class require-
ments.

The cost for all materials used iu the “*Systems'*’ Approach to Residential Construction [Fig. VI-8}
residential house construction should be
borne by the IA department and the
final assembled house be retained as a teaching aid for future woodworking and drafting classes.
Students may also be assigned to **finish out’’ the sections as time and interest permits. The house
pluns developed for this unit may also be quickly modified by students for each school year activity.
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Material List

Foundation and footings, as a combined unit, can be produced from nominal sized Douglas Fir
dimension stock: 42 linear feet are required. It is suggested that each section of the foundation and
footings be strengthened by rabbeting in a !4+ inch untempered hardboard to be used as a spacer and
storage floor. This will allow the space between the hardboard and floor frame to be used as storage

for the various finished components such as wall frames and trusses. It is also an excellent place to
store stock prior to completing the assigned house section. Sub-flooring, wall and roof sheathing, and
other plywood components should be cut from 1/8 inch untempered hardboard.

Recommended tools for fabricating the various components are brad pushers, magnetic upholsters
hammers and/or hand staplers. Arrow stapler, Model No. T-50, with 's inch long wedge pointed

staples have proven satisfactory. Wire nails, flat heat, #20 gage, '+ and 5/8 inch, are suggested sizes
for use in assembly.

Cutting sizes given in the material list will vary unless manufactured nominal stock sizes are held
to a close tolerance. Stock sizes should be produced to scale as shown on Sheet 8 of 6, with the
exception of the thickness dimension. Width dimensions have been held to !: inch in all stock
2x4'5-12's. For ease of manufacturing and assembly, the thickness dimension should not be
machined below ': inch. Pre-cut studs should immeasure 92 5/8 inches:; however, for ease of
manufacturing and measurements, machine to 93 inches.

-

Sections #2 and #3 will require a spacer board between side fouadation and footings to stabilize the

unit while work is being completed. When all four sections are assembled at the end of the school
year these spacers will not show. These spacers also complete the sections as storage units,
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Subflooring for cach section can be constructed from 1 piece of 1/8 inch untempered hardboard cut

away to reveal foundatjons and the floor frame unit. It will be necessary to leave a subfloor under all
partitions and wall frames to maintain correct vertical dimensions.

This material list includes only rough framing exterior materials, doors and windows. It does not
include interior sheathing, finish flooring, paneling, utility materials or other items to complete or
finish out the residential construction.

tem Stock sizes Sections
TxWxL #] #2 #3 #4 Total
(length in ft.
unless noted)
Foundation , walls and footings | See detail sheet | 62 43 94 138 337
6of 6
Girder post footings 12 x 12 x (varies) || 21/2 212 0 )
Girder post (laminatad) 4 ocs. 2x 10 x | 21/2 21/2 0 6
{(varies)
Girder, floor 2x10x12 S 6 i
2x10x 14 3 3
Sill plate 2x 6xi2 3 4 4 10 21
2x 6x 14 2 2
Joists, header 2x10x10 2 2
2x10x 12 2 4 4 10
2x 10 x 14 2 2
Joists, rim 2x10x 10 | i 2
2x10x 12 3 3 6
Joists, floor 2x10x10 I8 I8
{end to end (butt) joint 2xi0x 14 I8 I8
over girder) '
(end to end (butt) joint 2x10x 16 22 30 18, 70
over girder)
Bridging, floor joist, solid 2x10x10 4 4
2x10x 12 4 4
2x10x 14 2 2
Subfloor, (plywood) 58"x 4" x 8 14 18 22 7 6l
sheets fheefs
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Item Stock sizes Sections
TxWxL # #2 #3 £4 Total

Sole plate, top ond 2x4x 10 12 3 15

cap plates 2x4x 12 6 I8 12 36
2x4x 14 9 3 3 15
2x4x16 6 é 3 12 27
2x4x18 3 3
2x 6x 12 3 3
2x6x 14 3 3 é

Floor, front porch, 4" x &' x 24' | pe. |
(/4" hardboard)

Floor, back porch 4" x &' x 8 | pe. !
(1/4* hardboard)

Floor, Garage 4" x 24' x 24’ | pe. l
(/8" hardboard)

Studs, (pre~cut) 2x4x 925/8" 92 88 63 71 3i4
(Includes studs for 2x 4x8'-7 3/4" 30 30
assembling of corners & 2x 6x925/8" 14 13 i i 49
partitions, also includes
pre~cut studs for assembly
of door & window units - not
trimmer, sills & cripples)

. S
Partition junctions 2 x 4 with 3~12", |8 ) 2 3
2 x 4 blocks
2 x 4 with 3-12¢, || 4 2 3
2 x 6 blocks
2 x 6 with 3-12", 12 2 |
2 x 4 blocks
2 x 6 with 3-12°%, |
2 x 6 blocks
Corners, western sty le 3-2x4x925/8" |2 3 3
with 3-12"
2 x 4 blocks
3-2x4 x 8'-7 3/4" 2
with 3-12*
2 x 4 blocks

Ceiling backing (nailers) *2x 6x 12 i : I

*essential only for partitions *2x 6x 16 3 | 4

and walls parallel to roof *2x8x 16 | | i N 4

trusses

]:C 6-9
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Item Stock sizes Sections
: TxWxL d #2 73 #4 Total
**Can be used to position and ]| %2 X 6 X 12 5 5
hold trusses in place for easy **2 x b x 14 3 Y. 4 )
removal-can also be used as
nallers. (suggest they be in-
stalled for this residential con-
struction model)
Trusses, W Typ? J ~ T
rafter, fly 2x6x 20 2 2 4
chord, upper 2x6x20 12 18 24 22 76
chord, lower 2x6x 16 12 18 24 22 76
. webbs & rciurns 2x4x 12 4 4
2x4xl4 12 I8 24 22 76
assembled trusses each section é 9 12 | 38
4o 4
Gable End
studs, end supporting 2x4x 14 4 4 8
chord or rafter, lower 2x6x 16 2 2 4
chord or rafter, upper 2x6x20 2 2 4
assembled gable end | i 2
Sheathing exterior wall, 5/8" x 4'x 8’ 18 H 14 21 64
plywood (vertical application) sheets sheets
Sheathing, roof, plywocod 5/8" x 4'x 8 20 25 30 32 107
(face grain to be sheets sheets
perpendicular to rafters
or truss chord)
. ] H
Soffit, plywood, (side and 2" x 4'x 8 4 2 3 7 16
ends) sheets sheets
- H |
Facic Ix8xIC 2 4 5 H
Ix8x 12 | 4 5
Molding for Cornice Quarter Rd., 60 80 96 100 336
linear ft. linear ft.
Roofing, single I5 Ib. soturated 608 | 703 874 950 3,135
vnderlayment felt {square feet to cover)
Roofing, 723~ Asphalt 12 x 36" sq.-butt | I8 21 27 29 95
shingles, double coverage, strip, 3 tabs bundles bundles
5" exposure l
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Item Stock sizes Sections
TxWxL #i #2 3 f4 Total

Siding, horizontal, drop ! x 8 x Rondom 453 | 280 l 304 l 574 1,6l
style, tongue and grooved (square feet to cover)
(matched pattern) l

Siding for gable ends. I x 6 x Random 104 104 208
Paneling, tongue & (square feet to cover)
grooved {matched) ’ :

Neo.
Need >

Window (1) See sheet 6 of 6 i |

Framing ‘or rough
opening *ordered earlier
in material list
Header 2 2x12x12 2 2
2x 12 x10'-2 | /4"
Rough Sili i 2x4x10 | |
2x4x 9-10" .
Trimmer 2 2x4x 14 | |
2x 4 x 6'-9 3/8"
Cripple studs 7 2x4x 14 | |
2x 4 x 1'=-10 12"
*Studs, pre-cut 2
2x4x925/8"

Window (2) See sheet 6 of 6 | | 2

Framing for rough
opening
Header 2 2x 12 x 14 | | | 2
2x 12 x 6'-101/4"
Rough Sill | 2x4x10 | ! 2
2x 4 x 6'-6"
Trimmer 2 2x4x 14 | | 2
2x 4 x 6'-93/8"
Cripple studs 5 2x4x 10 | i 2
2x4x 1'-10 172"
*Studs, pre~cut 2
2x4x925/8"

Window (3) See sheei 60of 6 |2 2 4

Framing for rough
opening
Header 2 2x 12 x 14 2 2 4

2x 12 x 6'-101/4" '
Rough Sill | 2x 4 x 10 2 2 4

254 x8'4"

O
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Item. No. Stock sizes Sections
Needed TxWxlL # #2

. tnmmer ] 2 1 2x4x1 2 1
2x4x6'-9 38"
Cripple studs 5 2x4x I8 2
2x4x3-21/4"
*Studs, pre=cut 2
2x4x925/8"

[ Window (@) See sheet 6of 6 | 1 2

Framing for rough
opening
Header 2 2x12x 10 | 2
2x12x3'61/4""
Rough Sill [ 2x4x 10 l 2
2x4x 32"
Trimmer 2 2x4 x4 | 2
2x4x6'-93/8"
Cripple studs 2 2x4x 18 | 2
2x4x 3=-21/4"
*Studs, pre-cut 2
2x4x 925/8"

Door A See sheet 6 of 6

Framing for rough
opening
Heoder 2 2x12x 10
2x 12 x 3'-6 3/4"
Trimmer 2 2x4 x 14
2x4x 6'-9 3/8"
*Studs, pre~cut 2
2x 4 x 92 5/8"

Door B See sheet 6 of &

Framing for rough
opening

Header 2 2x12x 10
2x 12 x 3'-2 3/4"
Trimmer 2 2x4xl4
2x4x 6'-93/8"
*Studs, pre-cut 2
2x4x925/8"

,EC ©-12
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Item No. Stock sizes Sections
Needed TxWxlL #l #2 #3 4 Total

Door C See sheet 6 of 6 2 2

Framing for rough
opening
Header 2 2x12x 14 i l
2x12x 3'-23/4"
Trimmer 2 2x4x 14 2 2
2x4x6'-93/8"
*Studs, pre-cut 2

2x4x925/8"
T See sheet 6 of 6 2 ] T i q

Door D

Framing for rough
opening
Headar 2 2x12x1i0 2 ! ! 4
2x 12 x3'-5/8"
Trimmer 2 2x4 x4 2 i | 4
2x4x6'-9 38"
*Studs, pre~cut 2
2x4x925/8"

Deor E See sheet 6 of 6 | | 2

Framing for rough
opening
Header 2 2x12x 10 | | 2
2x 12 x2-107/8"
Trimmer 2 2x4x 14 | | 2
2x4x6'93/8"
*Studs, pre-cut 2
2x4 x925/8"

Door F See sheet 6 of 6 2

Framing for rough
opening ‘ .
Header 2 2x12x12 2 2
2x12x5'67/8"
Trimme: 2 2x4x14 2 2
2x4 x 6'=-9 3/8" '
*Studs, pre-cut 2
2x4x925/8"

EC -3 3
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ftem

No.
Needed

Stock sizes
TxWxtL

Sections
# #2 £3

Total

Door G

Framing for rough
opening

Header

2x 12 x4'-9 374
Trimmer
2x4x6'-93/8"
*Studs, pre-cut
2x4x925/8"

See sheet 6 of 6

2x 2x 10

2x4x 14

2

Door M

Framing for rough
opening

Header

2x 12 x 5'~1 3/8"
Trimmer

2x4x 6'-9 3/8"
*Studs, pre-cut
2x 4 x925/8"

See sheet 6 of 6

2x 12x 12

2x 4 x 14

Door |

Framing for rough
opening
Header
2x 12 x 16'-7"
Trimmer
2x4x6-1"*
Cripple plates
2x4x |6'~7"
Cripples
2x4x141/2¢
*Studs
2x4x 8'-7 3/4"

14

See sheet 6 of 6

2x 12x 18
2x4x |4
2x4x 18

2x 4 x 18

Door J

Framing for rough
opening

Header

2x 12 x 2'-6 3/4"
Trimmer
2x4x6'-93/8"
*Studs, pre-cut
2x4x 92 5/8"

See sheet 6 of 6

2x 12x 10

2x4x 14

6-14




SUMMARY MATERIAL LIST

Item Stock Size Total
Foundations & Footing Sheet 6 of 6 337 linear feet
Molding, comice Quarter Rd. 336 " "
Section base & porch floors i/4" hardboard 2,500 sq. ft.
Subfloor /8" herdboard 2,500 sq. ft.
Roofing, single underlayment 3,135 sq. ft. to cover

" asphalt shingles 95 bundles
Sheathing, roof and sides 5/8"x 4' x 8¢ 232 sheets
Soffit /2" x 4' x 8' 16 sheets
Siding, drop I x 8 x Roandom 1,6l sq. ft. to cover

v, panel I x é x Random 208 sq. ft. to cover
Facia Ix 8x 10 H
I x 8x12 5
Studs, pre=-cut 2x4x925/8" 34
Framing 2x4 x 10 60
2x4x12 40
2x4x |4 130
2x 4 x ¢ .74
2x4xI8 i3
Studs, pre-cut 2x6x925/8" 49
2x6x12 2l
2x6x 4 {7
2x6x 16
2x 6x 20 84
2x8x 16 4
2x10x10 26
2x10x12 31
2x10x 14 25
2x 10x16 70
2x12x 10 i7
2x12x12 18
2x 12 x 14 7
2x12x18 2

618




The following articles, bulleting and references have been selected to give you a variety of
techniques, processes and information.

To receive current information on recent wood research publications send to: Information and
Publication Services, U.S. Forest Products Laboratory, Madison, Wisconsin 53705, and ask that your
name be placed on their publication mailing list.

‘A Better House for your Money.'’ Special building issue of Better Homes and Gardens. September,
1969.

Amcrican Wood Council, 1619 Massachusetts Avenue, N.W. Washington, D.C. 20036.

BOCA Basic Building Code, Building Officials Conference of America, Inc., 1313 Fast 60th St.,
Chicago, lllinois 60637.

“*Guide 'books for low and moderate-income housing jobs'' and ‘‘How to."" American Plywood
Association, Tacoma, Washington 98401. .

Kruppa. Russell. ‘‘Construction Technology in Industrial Arts.'’' Industrial Arts and Vocational
Education, November, 1971, pp43-46.

Lindbeck, John R. General Industry, General Industry Laboratory Manual. and General Industry
‘orkbook. Charles A. Bennett Company, Inc., Peoria, Illinois 61614, :

- Lytle. R.J. Industrialized Builders Handbook, Techniques of Component and Modular Fabrication.

Structures Publishing Co., Farmington, Michigan 48024.

Moore. Marvin and Neb Frisbie. '‘Systems Emerge in Building Technology.” Industrial Arts and
Vocational Education, December, 1970, ppl19-20 &28.

Smith, Alfred A., R. Ward Lockett and William L. Bateman. ‘'A Course of Study in Construction."’’
Industrial Arts and Vocational Education, December, 1970, pp15-18.

Smith Harry F. "*Update Woodshop Instruction via Scaled-Down House Construction.’’ School Shop,
December, 1969, pp4d8-49.

Smith, Jackie Lee and Theodore Hoppe, Jr. Building to Scale, A Manual for Model Home
Construction. Prentice-Hall, Inc., Englewood Cliffs, New Jersey.

Smith, Ronald C. Principles and Practices of Light Construction, 2nd Edition. Prentice-Hall Inc..
Englewood Cliffs, New Jersey.

Streichier Jerry and Marshall A. Butler, *‘The Manufactured llome."’ Industrial Arts and Vocational
Education, September, 1965, pp36-39 & 84 & 86.

Unicom Manual #2. Fabrication of Components. National Lumber Manufacturers Association,
Technical Services Division, National Forest Products Association 1619 Massachusetts Avenue,
N.W. Washington, D.C. 20036.

Wagner, Willis H. Modern Carpentry. The Goodheart-Willcox Co. ine.

Wood-Frame House Construction. Agriculture Handbook #73 and Low-Cost Wood Homes for Rural
America-Construction Manual. Agriculture Hand-book #3864. L.O. Anderson. Forest Products

- Laboratory, Superintendent of Documents, U.S. Printing Office, Washington, D.C. 20402.

World of Construction, The. Industrial Arts Curriculum Project McKnight Publishing Company,
Bloomington, lilinois.
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Vil. WOOD STRUCTURE, PROPERTIES & IDENTIFICATION

The soft glow of finished hard and soft woods have continued to fascinate and intrigue industrial
arts woodworking students just as it did early craftsmen sinee the Egyptian period. Wood's natural
beauty. its strength and easy working qualities are features that encourage its selection as raw
materials for furniture and other useful products in our society.

Wood is a major furniture material and today's space-age technology has made available to
everyone the most elegant of hard and softwoods for fabrication into useful products. Hardwoods
commonly used for industrial arts product development can be drawn from the world's resources;
however, most of the favorites are Missouri grown and include: wainut, red and white oaks, black
cherry. soft maple. and white ash. Other Missouri hardwoods: black willow, cottonwood. hickory,
clm. yellow poplar, sycamore, sweet and black gum are also used for specialized products.

Imponed hardwoods most commonly used in industrial arts programs include the true mahoganies
and its substitute, philippine mahogany. It is common to find woodworking students from Level I-IV
working with imported exolic woods such as ebony from Africa and Asia, zebrawood from West
Africa, paldao from the Philippines, primavera from Central America and rosewood from Brazil and
Ceylon. The softwoods: shortleaf or yellow pine, baldcypress and eastrn redcedar are native to
Missouri and frequently are selected for constructing products in the woods laboratory.

The 26 woods listed above are but a few of the species that are used in Levels I-1V industrial arts
woodworking programs in Missouri. They include ring porous, semi-ring porous, diffuse porous and
non porous cell structures. Can you identify each as to genus, species, cell structure. properties
and/or general characteristics? The wood study center (Fig. 11) has been designed to aid you in
starting and/or continuing this important segment of your woodworking experiences.

The information cards shown in Fig. VII-1 should be completed for each specie of wood used by
students in a woodworking course. A completed sample hardwood and softwood card has been
included in this unit to aid you in setting up your wood study card system. The information on each
card, if studied by students, should stimulate additional interest in the specific woods selected for
their products. Additional books. references and bulletins are listed at the end of this unit for further
indepth study. Sources for purchasing wood samples are also listed to supplement your own sample
collection. To aid students in their wood study progre n it is suggested that you have a number of like
species in your collection (Fig, VII-2), Each wood sa:  >le should be numbered and a numerical listing
card as well as an alphabetical listing card should . available to the students for quick reference.

Many of our students and adults use and enjoy wood products throughout their lives with only an
introductory acquaintance and under-
standing of the complex nature and
characteristics of this common material.
The American Wood Council (1619
Massachusetts Ave., N.W., Washing-
ton, D.C. 20036) in one of their recent
publications, '‘Some little-known facts
about wood’’', have attempted to correct
this situation. The following facts have
been selected from this bulletin:

I. Wood has unique cellular structure.

) : Under a microscope wood can be
- K seen as thousands of hollow cells.
: : These natural building blocks are

= B formed from tiny cellulose fibers.
About 3 million fibers are con-
Printed Materials, In-Depth Study of Woeod Structure [Fig. VII-{] tained in one cubic inch of wood.
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The cellulose fibers and the cells
they form are cemented together
by a natural glue called lignin. No
other building material is struc-
tured in this manner.

Wood's strength is greater per
pound than steel’s.

A wood block one inch square and
two and one-quarter inches long
can support 10,000 pounds - the
weight of 3 automobiles. Actually,
pound for pound, wood is stronger
than steel. Wood's great strength
comes from Jhe natural strength of
wood's  cells. The lignin that Assorted Equipment For Wood Identification {Fig. VI1.2|

cements the cells together is not L )
only strong. it is elastic. Consequently, wood has "give''. Because of this fact wood floors

are less tiring to walk on than concrete, and can bend without breaking under the stress of
high winds or earthquakes.

Wood is a natural insulator.

It would take a concrete wall 5 feet thick to equal the insulating quality of just 4 inches of
wood. Wood insulates 6 times better than brick, 15 times better than concrete and 1770
times better than aluminum.

Wood is an efficient insulator because of its unique cellular structure. Its cells contain
millions of tiny airspaces and air is one of the best insulators known. A wood-frame house
will keep you warmer in winter and cooler in the summer.

Wood is a valuable acoustical material. It can reflect or absorb sound waves as designed.

Waood lasts for centuries.

The Old Ironworks House in Saugus, Massachusetts, was completed in 1646 and still
stands as beautiful as ever. Many parts of this house are the original wood.

Wood pilings were found intact after being under the streets of Venice for 1,000 vears.
Timbers 2,700 years old have been found in the tomb of King Gordius near Ankara, Turkey.

Wood lasts for centuries when properly used because the lignin that cements its cells
together is strong and also impervious to water and the extremes of heat and cold.

Many woods have a natural resistance to decay. Among these are redwood, cedar and
cypress. Because of the cellular structure of wood, those with less natural resistance to
decay. can be made more durable by impregnating the hollow cells with synthetic resins
and preservatives. Bristlecone pines, extremely resinous, discovered recently in the White
Mountains on the Nevada-California border are reported to be the oldest living things on
carth: at this writing, 4,572 vears old! .



V. Some woads need no maintenance at all - even outdoors.

Wood weathers well because its cellular -tructure is hardly affected by water or heat;
results. a soft driftwood grey. The poro:: cells accept stains and other finishes that can

achieve different visual effects. Accordir; ...government studies, hardwood floors can give
more than 50 vears of service.

Vi. Wood's variety and uses are endless.

Wooad is as varied as nature itself. Colors range from greenish black to creamy white. Grain
patterns are as diverse in their rhythms as the waves of the sea. Shaped by man's hands

and tools, wood takes on forms even undreamed of by nature. In spite of their diversity,
wood and wood products are easy to work with.

Vil. Woad is our only renewable resource.

Nature regenerates forests by removing old trees through fire, disease, insect damage or
storms. and reseeds from remaining trees. This method is time consuming, however.
Foresters have adapted nature’s methods by harvesting trees, but use the wood to serve
man’'s needs. Foresters replant immediately to get a new forest growing. This is why
America today is nearly as forested as when Columbus landed. The wood industries plan to
keep it that way--through constantly improving forestry methods and continuing research
to make the most efficient use of this valuable natural resource.

The included article, **Inside a Tree'” (written by Missouri Assistant State Forester, John E. Wylie
and illustrated by Forester Jim Sorenson was printed in the March, 1972, issue of the Missouri
(Conservationist) does an excellent job in summing up this unit on Wood Structure Study.




INSIDE A TREE

By: John E. Whlle, Assistant State Forester

A stump, the end of a log or stick of fireplace woad,
or the end of a board are all cross sections of o tree’s
life. Tu the hnoming o thes reveal the tree’s awn
story on how it gren, how old it is and the makeap of
its celln and the role each cell plaved in the tree's
health. Unlike animalsx, 4 tree’s trunh is all sheleton
with each cell being a part and bonded together in what
we call wood. Reuding the inside of a tree han fasci-
nated many people. Usualls only the age of the tree i
seen. But there in more to see and understand.

With the aid of this combination of & drawing and
photograph done by Forester Jim Sorenson we would like
to show vou the ABCs of tree reading.

This in & cross section of an oak tree that was cul
in the late fsll of 1969. Different species of trees have
slightly different characteristics which alss make them
better for certain uses, but the huvic parts of a tree are
these:

1. Outer Bark: Thix isx the ogtside corky layer—
the skin of the tree 0 to speak. Insulation, peatection
from infections and humps, und sealing in the tree's
vital sap are its functions. On many trees, including
this one. vou can mec grev-green patches of lichen grow-
ing on the bark. Often these colonies of lichen are ax old
as the tree and grow a little each yvear. They don’t roh
the tree of anything but do depend on it to hold them ap
to proper sunlight and moisture. In turn they provide the
tree some additional protection. The ridges and fissures
in the outer bark are caused hv the swelling as a tree
grows. The bark crachs and sometimes peels anay (~hag.
bark hickory, paper birch, und sy camore). Thix outer bark
is continually renewed at a faster rate than it in shed,
On old treex it becomens thicker and heavier and the
fissures deeper.

2 aner Bark: This buff colored Laiver of unifora
textare ix just inside the omter bark, As these colls grow
old and dic they tum into outer bark. As living tissue,
the inner bark (technically called phloem) serves the
vital purpose of trunsporting food manufactured by the
leaves down to the roots and trunk. A tree can be hilled
by cutting through this inner bark in a ring all around
the tree. Called girdling, this cuuses the roots ta starve
to death and then the whole tree diex,

3. Cambiom: You can't sec this fascinating single
layer of cells without 4 microncope. But vou can see
where it is, between the inner hark and sapwood, This
is the growth tissge that provides all the new colis for
both wond and bark—it is where the action is. Many
biolagical books have mare detail about these amazing
cells. If ever a small section of this cell laver is de-
stroyed Iy a wound. all growth stops at thut point until
the tree can heal thix wound by bridging new cells
across the wound,

3. Sapwood: Alsa catled the svlem. this onecinch-
thick Laver of Tiving tissue e Jighter in color tha the
heartwood. The sapwood is the tree’s tubing that casries
the water. dissolved minerals, and some  stared food
from the roots to the trunk o~ wwn, When sou cut or
bore nto this laver the tree o Al and people do
this to get maple sviup, ol le. wtpestine frig .o

tain hinds of trees, Eaven chicle for chewing gum comes
from trees this way., If the sapwood ix cut through b
girdling the top of the tree the tree dies quickly becanse
it does not get water, but since the roots are still alive
mont hardwood trees would sprout below the girdle and
start to mahe a new leaf syatem.

-

5. Heartwood: This in usually darker inner wood of
the tree trunk. Heartwood, so useful to man as lumber,

pulpwood and fuel. is of little ase to the tree. It is dead.

mostly nonfunctioning tissue providing osly support and
strength for the crown. In many old hollow trees the
heartwonod may completely rot away, but the tree goes
on living for vearms if it doexn’t blow over,

6. Pith: At the very center of the first annual ring
in the xpongy pith. In oak the pith is star-shaped remind-
ing us of the bud and twig that was ance here. As the
bud grew the first laver of cells expanded rapidiy. The
cell walls are thin so the pith is soft and spongy.

Now let's back up and pick up a few things we have
missed, The annual rings (T7) are rather casy to see,
Fach ring represents one season’s growth. Gak is a type
of woud called ring porous: at each ring vou can see
a laver of cells which are large, hollow pores. These
pores are the first cells formed in the spring when growth
in rapid und cell walls thin. This laver is appropriately
called springwood (8), Ax the growth =lows through lute
spring and summer the cells become smaller with thicker
walls. and this summerwoeod (9 makes up the rest of
the annual ring. The strong contrast between spring and
summer wand gives lamber a strong grain which shows
the beantiful putterns of wood.

Radiati ig from the pith to the outer edge of the sap-
wood are wood rays (10}, The cells in these ruys are
coatinuoys from one veur to the next and ron at right
ungles to the annual rings. Many trees have ravs. hat
they ure uswally not as notiveable as they are in ok,
The rav cells serve to transport food und minerals cross.
wise in the trunk. They also serve as storage cells,
®hen wood is sawed in the same plane that the roys
run, it is called quartersawed lumber with the ravs vreat
ing u ribbon cffect. Rood splits casiost in this plane,
at a right angle to the annual rings. Any camper or bov
scout who has tried to split wood on any other angle van
vouch for this,

The dark area in the lower left quarter <7 this tree
section is ¢ knot. the inner portion af a now dead limb.
Hf the saw had split this knot exactls, instead of 4i an
angle, it would extend into the pith, tapering like the
point of a pencil. The knot, while the limb was living,
was actoally a part of the wood in the trunk with the
cells hnitted tagether. Now dead, the Anot ix black and
Liose or separsted from the other wood. In a sawa board
it would fatl out leaving 4 knothole, 1§ the dead limb i
sawed or broken off flush with the bark, the annual rings
will eal over the Hinh socket and clear wood aill again
be formed,

Remembering thust the tree was cat in 1069, can you
pich out the drought veurs in the earl 195087 Thix was
it severe ch'«mgh! which had a4 marhed effect on all trees,
Rhat vours were wet? How old was this tree?
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The following articles, bulletins and references have been selected to give you a variety of
techniques, processes and information.

A Cuide to the Phvsical & Working Characteristics of Southern Hardwoods. Southern Hardwood
Lumber Manufacturer Association, Sterick Building, Memphis, Tennessee 38103.

Beautiful Woods. Frank Paxton Lumber Co., 6311 St. John Avenue. Kansas City, Missouri.
Baldwin, Robert W. *Describe Wood from an Element Visual."' School Shop, February, 1970, p66.

Collingwood, (i.H. and Warren D. Brush. Knowing Your Trees. The American Forestry Association,
1319 18th St. N.W., Washington, DC 20006

Classroom Demonstrations of Wood Properties. U.S. Dept. of Agriculture, Forest Service, Forest
Products Laboratory, Madison, Wisconsin 53705.

Colemar.. Donald G. ''Retaining Woodworking in the Schools.”" Industrial Arts and Vocational
Education., September. 1966, pp34-35.

Coleman, Donald. Woodworking Factbook. Robert Speller & Sons, N.Y.

Coleman. Donald. Properties. Selections, and Suitability of Woods for Woodworking. Forest
Products Laboratory.

Discovering Cone-Beoring Trees. Commercial Printing Co., Visalia, Tulare County, Califernia.
Durrell, Glen R. “‘Written in a Tree.'' Missouri Conservationist, October, 1973, pp. 14-15.
Edlin, Herbert L. What Wood is That? The Viking Press. 625 Madison Avenue, N.Y. 10022.
Fine Harduwoods Selectorama. Fine Hardwoods Association, 666 Lake Shore Drive, Chicago, lllinois.
Forest Products Laboratory List of Publications on the Growth, Structure & Identification of Woud.

U.S. Dept. of Agriculture. Forest Service, Forest Products Laboratory, September, 1867, Madison,
Wisconsin 53705.

Foss. Maurice F. "'Use Slides for Wood Identification.'’ Industrial Arts and Vocational Education.
Octuher, 1968, p33.

Fuglsby. Glen O. "'The Underestimated Quarter.”* Industrial Arts un ! “'ocational Education, March,
1967, p133.

Harrar, E.S. Hough's Encyclopedia of American Woods, Reference Information Volumes 1-5;: Wood
Samples Volumes 1-13. Robert Speller & Sons., N.Y.

How to Specify und Use Hardwoods. Reprinted from National Hardwood Magazine.

Harlow, William M. Inside Wood-Masterpiece of Nature. The American Forestry Association, 1319
. 18th N.W.., Washington, DC 20006.

Identification of Furniture Woods. The. U.S. Dept. of Agriculture, Miscellaneous Circular #66, U.S.
Government Printing Office, Washington, D.C. 20402.

Kukachka. B. Francis. Properties of Imported Tropical Woods. U.S. Department of Agriculture,

Forest Service Research Paper FPL125, Forest Products Laboratory, September, 1967, Madison
Wisconsin 53705.
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Lamb George. The Mahogany Book. Mahogany Association. Inc.. 75 East Wacker Drive. Chicago,
Hlinoix,

Missouri Trees. Missouri Conservation Commission, Jefferson City. Mo.

Panshin. De Zeecuw & Brown. Textbook of Wood Technology. Volume 1; 2nd Edition. McGraw-Hill
Book Company, N.Y.

Pastoret. James. Manual for a Short Course on Pruperties and Identification of Weod. School of
Forestry, University of Missouri. Columbia, Mo.

Pastoret. James P. *Where does Wood Belong in the Academic Marketplace?’” Wood and Wood
Products, September, 1969, pp. 34-36.

Southern Hardiwoods, The. Southern Hardwood Lumber Manufacturers Association, Memphis,
Tennessee,

Tiemaunn. Wood Technology. Constitution, Properties & Uses, 3rd Edition. Pitman Publishing Corp.,
NY.

Trees. The Yearbook of Agriculture 1949. U.S. Dept. of Agriculture: U.S. Government Printing
Office, Washington. D.C. 20402,

Wood. Colors and Kinds. Agriculture Handbook #101, U.S. Dept of Agricuiture, U.S. Government
Printing Office. Washington, D.C. 20402.

Wood Handbook #72. U.S. Dept. of Agriculture, U.S. Government Printing Office, Washington, D.C.
20402,

Wood sample sets can be obtained from the following sources:

Frank Paxton Lumber Co., 6311 St. John Ave., Kansas City, Mo. 64123

Craftsman Wood Service Co., 2727 South Mary Street, Chicago, Illinois 60608.

Forest Products Lahoratory. Dept. of Fisheries and Forestry, Montreal Road, Ottawa 7, Canada.
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AUTOMATIC DRYING CHAMBER

The drving unit (Fig. 4) designed and fabricated for use in drying finishes, curing adhesives,
polymerizing methacrylated woods, drying polyethylene glycol treated woods and for research
activities in wood drying is an optional piece of equipment. It is possible to work in all the seven areas
of the woodworking curriculum without this unit. The drawings, without a procedure or methods
study is included in this guide for your information. Level IIl and IV students can fabricate and
construct the dryver for a woodworking industrial arts laboratory. The drying sequence and operating
procedure are included to illustrate the advantages of the Automatic Drying Chamber.

Drying Control Sequences

No. 1 Heat and air circulation sequenced by the thermostat
No. | switch on (located on side of chamber)
No. 2 switch off (located on end of chamber)

No. 2 Heat sequenced by thermostat without air circulation
No | switch off (located on side of chamber)
No. 3 switch off (located on end of chamber)

No. 3 Heat sequenced by thermostat with continuous air circulation
No. 1 switeh off (locsted on side of chamber) .
No. 2 switch on (located on end of chamber)

Operating Instructions:

1. Select drying sequence desired, either 1, 2 or 3. No. 1 is most highly recommended.

2. OUpen or pull safety disconnect switch, located near the fan, to operate drying chamber.

3. Turn timer knob to the time selected for drying by turning knob past the desired time and then
maving it back to the selected time. Approximate time lapse required to reach selected heat
ranges are timed from 75° to:

90°F | o 5 Minutes
100°F L .. o...010 '
110°F o .1
120°F . o .20 *
130 .30 '
1408 . 40

150°F IR ;|

160°F . . L .80 '
170°F ‘ 1hr. 18 "
180°F o . .... Yhr. 40
190°F S 2hr. 20 *
200°F 3 hr. 5
210°F . ... 4hr, 35 '

4. Set the knob of the thermostat to the desired temperature for drying. Average temperature range

inside chamber will be approximately 5° lower than the thermostat setting. At elevated heats
there is a 10° variance.

)

. If drying time required is more than 12 hours. turn timer dial to the HOLD position. which will
allow the drying chamber to operate continuously at the set temperature until switched off. All
controls und heat are turned off automatically by timer.

6. Before removing o inspecting the product in the chamber, close or push safety disconnect switch

located on the end .. the chamber. Open or pull switch after chamber door has been closed to
continue drying operation if desired.

N-1
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SUGGFSTED TEXTBOOKS
AND

REFERENCES

ELS

LEV
ijujm Lw
SUGGESTED TEXTBOOKS .
X b Groneman, Cheis H. and John Feirer. General Shep: Fourth Edition. MceGraw-Hill Book
Company, M. Louis, Missouri (S33pp.). 1909,

X il. Feirer. John [, Woedworkiog for Industry and Woodworking for Industry Workbook. Charles
\. Bennet Company. Incorporated. 809 West Detweiiler Drive, Peoria, lilinols 61614
(672 pp.y, 1971

X HL Zook. Wayne H. Constructing and Manufacturing Wood Products. McKnight Publishing
Company, Bloomington, filinois 61701 (475pp.). 1972,

x | IV. Foirer, John L. Cabinetmaking and Millwork and Cabinetmaking and Millwerk Student Guide.
Charles A, Bennett Company, Incorporated, Peoria. Hlinois 61614 (928pp.). 1970,

REFERENCES

x | x Anderson. Arthur D. A Desigaer's Notebook., McKnight Publishing Company, Bloomington, Hllinois
61701,

X! x] x Buker. Glenn E. aid L. Davie Yeager. Wood Technology., Howard W. Sams & Co.. Inc..
4300 West wand St Indianapolis. Ind. 46268,

X Bauer. C.E.. R.L. Thompson and 1.G. Milicr. Comprehensive General Shop Serfes: 1. il & I
The Bruce Publishing Company. 860 Third Avenue, New York, New York 10022,

X Bond. Gardner T.. Willis H. Wagner. Walter C. Brown, and Howard H. Gerrish. Modern Genersl
Shop. Goodheart-Willcox, 123 West Taft Diive. South Holland, Hilinois 60473.

x I x1 x Bushwell, William. Painting and Decorating Encyclopedia. Goodheart-Willcox, South Holland.

Hlinois,

x| x Dahl. 1. and Douglas Wilvon. Cabinetmaking and Miflwork: Tools, Materials, Layout, Construction.
American Technical Socicty, 848 East 58th Strect, Chicago., Tilinois 60637,

x| x Douglas. 1. H. Profects in Wood Fumniture. McKnight Publishing (‘oﬁpany. Bloomington, llinois,
1607,

Xl x1]x Foirer, John 1. and Gilbert Hutckings, Advasced Woodwork and Fumiture Making. Charles A,
Bennent Company, Inc.. Peoria. Hlinois, 1972,

x | x Feirer, John L. Bench Weodwoark. Charles A, Bennett Company. Inc.. Peoria, Hlinois, 1972

p X X Feirer, John L. Industrial Arts Woedwarking and Werkbook for Industris] Aris Woodworking,
Charles. AL Bennett Company, Inc., Peoria. fHlinods.

X X Froktund, Verne C. and Armand J. LaBerge. General Shop Woedwerking, McKnight Publishing
Company. Bloomington, Hiinois, 1972,

X X Gerbeacht, Card and Frank F. Robinwon. Understanding America‘s Indostries. McKnight Publishing
Compamy, Bloomington, Hlinois, 1971,

X! x Gottshall, Franklin H. How to Make Colonial Farnlture. The Bruce Publishing Company. New York,
New York,

X§ x Groneman, Chris B, and Fverett R, Glazeuer, Technienl Woedworking., McGraw-Hifl Book
Company. CCD-28th Fioor. 1221 Avenue of the Americas, New York, New York 10020,
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X { X
X
X
X
X
X
X
X
X
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X
X
X1 x
x
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Hackett, Donald and Patrick E. Spiciman, Modern Wood Techaslogy. The Brucc Publishing
Company., New York, New York.

Hammond, James 1., Edward T. Donelly, Walter F. Harrod and Norman A. Rayner. Weadwerking
Technology und Study Guide forWoodworking Technology. McKnight Publishing Company,
Bloomington, Hlinois, 1972,

Haws. Robert W. and Cadl J. Schaefer, Manufacturing in the School Shop. American Technical
Sweiety, Chicago. llinois.

Holbrook, Watlace W. Contemporary Lamps. McKnight Publishing Company. Bleomington,
filinods,

Kats. Laszlo. The Art of Woodwerking and Fumiture Appreciation. P.F.C. Woodworking. Inc..
825 West 26 St.. New York., N.Y. 10001,

Klenke, William W. The Art of Weodturning. Chatles A, Bennett Company. Inc.. Ponia,
THinais.

Lindbeck, John L. Designing Today's Manufactured Products. McKnight Publishing Company,
Bloomington, Hlinois, 1972,

Lindbeck, John R. and Irvin T. Lathrop. General Industry. Charles A. Bennctt Company, Ine.,
Pearia, Hinois, 1964,

Lindbeck. John R.. Loster G, Duenk and Mare F. Hansen. Basie Crafts. Charies A, Bennett Company,
Inc.. Peoria, lllinois, 1973,

Matthews, lohn, Creative Log Seulpture. Stanley Tools, New Britain, Connecticut,

McDonn. it The Use of Portable Power Tools. Delmar Piblishers, P.O. Box S087, Albans, fsew York
12205,

McKnight World of Work Curriculum, The. World of Work, Succeeding in the; Strategies for
Implementing Work Experience Programs and Activities for Succeeding in the Werld of Work.
McKnight Publishing Company, Bloomington, Hlinois, 1970,

Olson, Deimar W. Industrial Arts for the Gemeral Shops Fourth Edition. Prentice-Hall,
Englewond Cliffs, New Jersey 07632, 1973,

O'Neifl, James. Early American Fumitare. McKnight Publishing Company. Blomington, Hlinois,

Picpunburg, Robert B Deslpas in Woed. The Bruce Publishing Company., New York,
New York, ‘

Roebhorn, Eldon. Weodturning., McKnight Publishing Company, Bloomington, [Hineis, 1972,

Smith, Lavon B, and Muarion B. Maddox. Flemenis of American Indastey. McKnight Publiching
Company. Bloomington, Hinois, 1%6. !

Soderbery, Gearge AL Finivhing Techselogy, MoK night Publishing Company. Bloomington, #linois,
1964,

Tiernev, Wiltium F. Modern Upholstering Methods. McKnight Publishing Company. Bloomington,

Hino,
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LEVELS

injuay
X § X4 Wauner, Willis H, Medern Weedweorking. Gaodheart-Willcox., South Holland, Hlinois.
Wagner, Willis H. Woodwerking. Goodheart-Willcox, South Holland, lilinois.
x1x Wood Handboek #72. U.S. Department of Agriculture, U.S. Government Printing Office,
Superintendent of Documents, Washington, D.C. 20402,
X

Zimmerman, Fred W. Exploring Woodworking. Goodheart-Willcox, South Holland, [Hinois.
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VISUAL AIDS

AVAlLL- LEVELS
ABILITY* | | it m 1v PROCESS AREA NO. SELECTIONS

IFIFILMS 16MM

n X X General information F-1 ABC of Hand Teols. Walt Disney, General
. Motars Corporation, 2 reels, Part 1 & 11, 33
minutes, sound, color.

fl X X X Design F.2 American Leok. Sandy Company, Bill, 29
minutes, sound, color,

ft X ] X IV, Production Product of F-3 Art of Making Furniture. Association- Sterling
Industry Films, 20 minutes. sound, color.

V. WPC P"K\'hﬁ F_4 m Re\m in WOINI. U““ed S‘m
Atomic Energy Commission, 1969, 23 min-
utes, sound, color.

3 3 1 Vi. Residential Construct- F-§ Challenge of the Seventies. To M ke a House
" 15T ential Bofstrudt s Home. Georgia-Pacific Corporation. 1970,
30 minutes, sound, color.

fl X X X

fl X X X General Information F-6 Endless Forest, The. Dierks Forests. Inc.,
Madern Talking Picture Service, Inc.. #3043,
28 minutes, sound, color.

p x| s} «x L. Wood Lamination & VI, F-7 Fire Endurance of Heavy Timber. National
Residential Construction Lumber Manufacturers Assaciation, 15 min-
dtes, sound, coler.

P X xf «x Carcer & Employment Op- F.8 Making it in the World of Werk. McKnight
portunities Publishing Company. 23 minutes. sound,
volor.

fl x] x General auformation F-9 Mechanism of Molsture Movement in Wood.
University of Missouri, 30 minutes, sound,
color,

f1 s x X Gengeral Information F.10 Mighty Western Forest, The. Western Wood
Products As<acigtion, Modern Talking Picture
Scrvice. Inc.. #2928, 27 minutes. sound, color.

fi x X}l «x i, Wood Flour & Particle F1 Miracle in Woed. Amcrican Plywood Assoc-
Molding iation, Modern Talking Picture Service, Inc.,
#3159, 27 minutes, sound. color.

fl X Ll Safety F-12 New Approach to Table Saw Guarding Safety
with Visibillty. Forcdom Elcetric Company,
Brett-Guard Division, 18 minutes. sound,
color,

fl ) LS B Gencral Information F-13 New Horizons fer Woed, D;. William M.
Harlow, University of Missouri, 28 minutes,
sound, color.

F-t14 Package and the Product, The. Danfoods
Corporation, Modern Talking Picture Service,
Inc.. 43102, 14 minutes. sound, color,

fl \ Y \ \ IV, Production Product of
industey & General Infor
hilton

1 \ \ X L Waond Flour & Particie F.15 Paper Forest, The. Southern Pulpwood
Maolding and Generad In Conservation  Association, Modern Talking

formtion Picture Service. Inc. #2593, 28' minutes.
# sound. color.

*p--ndic stes purehase
- indicates free foan
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AVAN. LEVELS
ABILITY®] H mw iw PROCESS AREA NO. SELECTIONS
1 A LS [N VI Restdental Constrict F o Portrait of Stochholm, The Swedish Insgituge
jo for Cultural Relations, Modern Talking Pict-
ure Service, Inea, #2779, 14 minates, sound,
volor,
fl X x | x Finishing, spray F7 Electrostatic Painting. Ransburg
Electre-Coating  Corporation, 1965, 22 min-
ntes, sound, color,
fl A X X Carcer & Employment Op- F-I8 Story of Human « The, Georgia-Pa-
portunitics cific Corporation, 1970, 28 minutes. sound.
color.
fl « fx o {x 1. PEG Diffusion Process F-19 This is Fiber Glass. PPG Industries, Inc.,
Maodern Talking Picture Seeviee, Inc., #2387,
1312 minutes, sound, color,
fl \ X x . Wood Flour & Particle £.20 Time of Change. The American Hardboard
Moalding Association, Modern Talking Picture Service,
Inc.. #3303, 13%: minutes, sound. color.
fl x X X Vi Residential Consgruct- F-21 Unicem Method of House Censtruction.
jon National Forest Products Assaciation, sound,
color,
fl x x| x il. PEG Diffusion Process F-22 WASA. The Swedish Institute for Cultural
Relations, Modern Talking Picture Service,
Inc., #2772, I8 minutes, sound, color.
fl X x | x I. Wood Lamination & F-23 Woed Bending-A New Twist. Svriacuse
General Information University, School of Forestry, L3 minutes,
sunidd, color,
fl x X X Vil Wood Structure, Prop- F-24 Wood, Masterpleces of Creation. Syracuse
crties. & ideatification University, School of Forestry, 28 seinase,
sound. color,
fi X X x Ix V. WPC Process F-25 Stoud PlasticcA New Dimenslon. Syvracuwe
: University, School of Forestey, 11 minutes,
sound, color,
p x | x ]x I. Woud Lamination & VI F-26 Wood That Coudd, The. American Institute of
. Residential Construction Timber  Construction, 1968, 29 arinites,
sound, color.
(1) TRANSPARENCIES
P x X Genera! Information T-1 Advanced Woedwork & Furniture Making.
(transparcncy masters) Charles A, Benned
Company., Inc.
p x X V1. Residential Construt- T-2 Coastruction. DCA  Fducational
m Products. Inc., 1970, 24 shecets.
P « 1x 1. Vi Rosidential Construct- T-3 Carpentry: Framing | & I, Stalrcase
fon Construction, Interior and Exterfor Trim. 3M
Company, Educational Services, 160 sheets.
P x x General Inforntion T4 General Industry. Charles A, Bennett Com-
pany. inc.

IToxt Provided by ERI

ERIC

*p--indicates purchase
*l..indicates free toa
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AVAIL. LEVELS .
ABILITY+| ! L D PROCESS AREA “NO. SELECTIONS
—
P \ \ Generad litormation -5 General Weodworking., ¢roneman, Helsel.
MGraw -Hill, 8 sheets.
P \ N A Vil. Waood Structure. Prop- T Wood Structure Scries. Jamos  Pastoret,
crtics & ddentification School of Forestes. University of Missouri,
1968, 35 sheers.
p \ \ \ General Bformation 1.° Wood Technelagy 1. DCA Educational Pro-
ducts, tnc,, 20 sheets,
Al A A A Goneral ‘"""r"\iﬂi“n "8 wnd Tm “c D(-A Edut’a:iﬁna' Ph)-
ducts. Inc. 24 sheets,
p’ \ \ \ x General hformution 19 Safety: Machines & Power Tools. CA
Educational Products, Inc,
{S| SLIDES 3SMM
P \ \ N Vi Waoad Structure, Prop- 8- Deciduons Trees [Hardwooed [.Gueneral Biokog.
criies. & ldk‘"“ﬁ&'iﬂ‘h\n i‘-aL h“-" s‘ Stides
1 \ N \ All Seven Process Arvas §2 Industrial Arts Weodworking Curriculum.
Waood Technology Section, Industrial Educat-
ion: Department, Southwest Mao. State Univer-
sity, Springficld. Mo. 65802, (or your district
University), 160 slides, tape 52 minutes &/or
{ hr. 13 minutes, color, 1972,
P A \ \ IV, Production Product of 83 Planning Line Production.NFA Stock #648-
Industry 21306, American Industrial Arts Association,
103 slides, 30 minute tape. color,
P LS BRI B V. Production Product of S-4 Study of the Furnlture Industry, A. Norman
Inclusiry Zaniboni, American Industrial Arts Associa-
tion, 160 slides, 80 minutes, tape, color,
P N v ViE, Wad Structure. Prop- NS Trees |Gymnosperms| General Biological,
certies. N ldentifieation Ine.. 20 sides.
f1 A vViox Vi Resdential S0 Versatile Timber Construction. American
Conseriiction Institute of Timber Construction, 103 slides,
seript, color.

*p--imdicates purchase
*1--indicates free loan
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AVAIL- LEVELS
ABILITY*{ | n M w PROCESS AREA NO. SELECTIONS
[F'S| FILMSTRIPS 35 MM
P x \ ' Goteral ntormation FS-1 Design in Weod. McGraw-Hill Book Com-
pany,
p \ \ General Infor mation 8.2 Hardwoed Lumberlng. MoGraw Rill Book
Company,
P s ) Goeneral Information FS-3 Hardwood Processing. MoGraw-Hill Baok
Company.
P \ x IV, Production Product of Fs-4 Industry in 20th Century America, Charles A
Industry Bennett Company. S strips 3 records,
P X \ ’ Generad Information | B Safety in the Shop. McGraw-Hill Book
Company.
fl Vs General Information FS-6 Story of Costed Abrasives The, Coated
Abrasives Manufacturing  Institute, Soviety
for Visual Education. Inc.
P vy ]« General Information & Em- Fs-? Treew far 2001:° Todays Foresters in Action.
plovment & Career Opsprn- (Fitmstrips or slides) Guidance Associates,
tunittics American Forest Institute 116 frames, 17
minutes, record or cassette, cofor
P \ X Goeneral Information FS-§ Wood Finishing Part { & Part I1. McGraw-Hill
Book Company.
P \ . % General Information F1. Sclected Assortmeni in the Arcas of: Safety,
and Drafting & Design, Measaring Tools, Hand
FS Tools, Portable Power Tools, Stationary Power
Tools. Manipulative Preduction Skills, Carcer
and Employment Opportunitles. Brudhead.
Garett Company, 1973, 16MM. SMM. Super
BMM. Super B closed loops, transparencics.
charts, and film srips.
*o--indicates purchase N
*l--indicates free loan
Q
ERIC 10-4
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SOURCES OF VISUAL AIDS

Addresses of sources for visual aids are listed below. It is suggested that teachers obtain new
fistings from these and other sources to keep their program up to date with technological advances in
reas of wood technology.

It would be impractical to list in this guide all of the visual aids and the distributor’s addresses that
are available. However, several have been selected for each of the process areas, for general
information, career and employment opportunities.

Twa references have been listed to aid you in selecting additional visual aids:

Educators Guide to Free Films. Fducators Progress Service, Inc.. Randolph, Wisconsin

A39H6. .

Index to Vocational and Technical Education {Multimedia); 1st Edition. National Information
Center for Educational Media (Micem), University of California, University Park, Los
Angeles, California 90007, 1972,

Aims Instructional Media Services, Inc.. P.O. Box 1010, Hollywood, California 90028.

American Forest Institute, 1619 Massachusetts Avenue. N.W. Washington D.C 20036.

American Industrial Arts Association, 1201 Sixteenth Street, N.W. Washington, D.C. 20036.

American Institute of Timber Construction, 1700 K. Street, N.W. Washington, D.C. 200086.

Assaciation-Sterling Films, 512 Burlington Avenue. La Grange. Illinois 60525,

AV Instructional Systems, P.(). Box 191, Somers, Connecticut 06071.

B+ A Fducational Media, 2211 Michigan Avenue, Santa Monica, California 90404.

Brett-Guard Division, Foredom Eleciric Company, Route 6, Bethel, Connecticut 06801,

Brodhead-Garrett Company, 4560 Fast 71st Street, Cleveland, Ohio 44105.

Charles A. Bennett Company, Inc., 809 West Detweiller Drive. Peoria, lllinois 61614.

DCA Educational Products, Inc., 4865 Slenton Avenue, Philadelphia, Pennsylvania 19144,

Gieneral Biological, Inc., 8200 South Hoyne Avenue, Chicago, Illinois 60820.

General Motors Corporation, Public Relations Staff, Film Library, General Motors Building.
Detroit, Michigan 48202.

Georgia-Pacific Corporation, Education Film Library, 900 S.W. Fifth Avenue, Puo:itland,
Oregon 97204,

Hoover's, 1511 Baltimore, Kansas City, Missouri 64108.
International Film Bureau, Inc.., 332 South Michigan Avenue, Chicago, Illinois 60604.
McGraw-Hill Text Films, 330 W. 42nd Street, New York 10036.

McKnight Publishing Company., Bloomington, Illinois 61701.

1



Modern Tulking Picture Service, Inc.. 3718 Broadway, Kansas City, Missouri 64111 or 201
South Jefferson Avenue, St. Louis, Missouri 683103,

National Forest Products Association, 1619 Massachusetts Avenue, N.W. Washington, D.C.
200338,

National Lumber Manufactures Association, 1619 Massachusetts Avenue, N.W. Washington,
D.C. 20086,

Ransburg Electro-Coating Corp.. Mrs. Ruth A Hussong, 3939 West 56th Street, Indian-
apolis, Indiana 46208,

RMI Fducational Films, Inc.. 4916 Main Stteet. Kansas City, Missour: 64112,

Sandy Company. Rill, Film Distribution Department, 2843 East Grand Boulevard,
Detroit. Michigan 48211,

Society  for Visual Education, Inc.. Division: The Singer Company, 1345 Diver-
sev Parkway. Chicago, Hlinois 60614,

Southern Pine Association, Box 1170, New Orleans, Louisiana.
3M Company, Educational Service, Box 3100, St. Paul, Minnesota 55101,

United States Atomic Energy Commission, 9800 South Cass. Avenue, Argonne, [l
inois 60439,

United States Forest Service. 710 North 6th Street, Milwaukee, Wisconsin 53203,

University of Missouri, Audiovisual and Communications Services, 119 Whitten Hall,
Columbia, Missouri 65201,

West Coast Lumberman's Association, 1410 S.W. Morrison Street, Portland 5. Oregon.

Western Pine Association, 510 Yeon Building, Portland 4. Oregon.
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INSTRUCTIONAL RESOURCE MATERIALS & LITERATURE

INTRODUCTION

Instructional resource materials are an important phase of any educational program but they are
especally important when the area of study is as broad and complex as modern industry. Industrial
arts teachers are fortunate that an almost inexhaustible supply of free and inexpensive literature is
available from business and industries throughout the country, as well as governmental agencies.

A sample listing of the type of materials available is included in this compilation. The sources listed
are tepresentative of the thousands of companies supplying materials and should provide the
industrial arts teachers with a small sampling of available materials. Other sources will be found in
professional. education, industrial. business and governmental publication and library indexes.

The following lists are by no means complete; however, many of the materials will reflect ideas
relating to new industrial materials and processes, while others will serve to reinforce and
supplement contemporary industrial organization and production methods.

HOW TO ORDER MATERIALS

When ordering. give exact title or description of the item desired, print your name and full address
and include payment when there is a charge for the material. Indiscriminate requests for **everything
vou have'' should be avoided. It is permissible, however, to request a list of publications or to
describe a teaching assignment and request appropriate materials. Orders for materials should be
made on school or orgunizational stationery.

PERIODICALS
American Ruilder. Simmons-Boradman Publishing Company, Bristol Connecticut 06012,
£3.00 per vear submitted to Subscription Department, American Buiider. Emmet Street,
Bristol, Connecticut 06012,

American Forest. The American Forestry Association, 1319 Eighteenth Street, N.W., Wash-
ingion., D.C. 20036, 87.50 yr.

Conscrrctionist, The, Missouri Department of Conservation, 2901 North 10 Mile Drive, Jeffer-
son City, Missouri 65101,

Forests and People. Louisiana Forestry Association, P.O. Box 5067, Alexandria, Lousianna 41301.

Forest Industries. Miller Freeman Publishing, Inc., 500 Howard Street, San Francisco, California
v4106. $12.50 yr.

Forest Products Juurnal. Forest Products Research Society, 2801 Marshall Court, Madison, Wis-
consin 3705, 825.00 yr,

Furniture Design and Manufacturing. Graphic Arts Publishing Company, 7373 N.Lincoin Avenue,
Chicago, llinois 60646,

Furniture Production. Production Publishing Company, 804 Church Street, Nashville 3, Tenne-
ssee, 83,00 yr.

Industriai Education. Macmillan Professional Magazines, Inc., 22 West Pitman Avenue, Green-
wich. Connecticut 06830. $7.00 yr.



dournai of Forestry. Society of American Foresters, 1010 16th Street, N.W., Washington,
D.C. 20086, S18.00 yr.

Man  Society  Teenology, A Journal of Industrial Arts Education. 1201 16th Street, N.W., Wash-
ington, D.C. 20036, $15.00 annually,

Popular Mechanies. Hearst Corporation, 57th Street at 8th Avenue, New York, New York 10019,
$4.00 per year, submit to Popular Mechanics, Box 648, New York, New York 10019,

Popular Science. Popular Science Publishing Company, 3563 Fourth Avenue, New York 10, New York.
£3.40 per year submitted to Subscription Department.

Product Enginecring. McGraw-Hill Publishing Company, 330 West 42nd Street, New York 36, New
York. 8$3.00 per year, published weekly.

Schaol Shop. 416 Longshore Drive, Ann Arbor, Michigan 48107. $8.00 per vyear.
Free when requested on school letterhead stationery.

Wood and Wood Praducts. Vance Publishing Corp.. 300 West Adams Street. Chicago, Ilinois 60606.
85.00 yr.

Wood Construction and Building Material List. Wood Construction Publishing (‘ompany 28-30 Kin-
sey Road. Xenia, Ohio 45385. 82.00 yr.

Woodworking Digest. Hitchcock Publishing Co., Hitchcock Building, Wheaton, lllinois 60187.
$15.00 yr.

Wood Preserving. American Wood Preservers Institute, 1651 Old Meadow Road, N.W., Wash-
ington, D.C. 20037. $3.60 yr.

OTHER RESOURCE MATERIALS

American Forest Institute, 1835 K Street. N.W., Washington, D.C. 20006. Forests and Trees of the
United States, Growth of a Tree, It 's a Tree Country., Products of the Trec Farm, The Story of
Insulation Board, The Story of Lumber, The Story of Particleboard and The Story of Pulp and
paper.

American Forests Products Industries, Inc., 1816 N. Street, N.W., Washington, D.C. 20036. The
Storv of the Harduwood Plywood, Products of the Tree Farm, Growtk of a Tree Forests and Trees of
U.S.. It's a Tree Country, The Story of Lumber, The Story of Hardboard and Why We Must Have
Tree Farming.

American Hardboard Association, 20 N. Wacker Drive, Chicago, lllinois 60606. The Story of
Hardboard and The Wonderful World of Hardboard.

American Plywood Association. 1119 A Street, Tacoma, Washington 98401. Guide to Plywood
Grades,

American Walnut Manufacturer’'s Association, 666 Lake Shore Drive, Chicago, Hlinois 60611, The
Many Faves and Moods of Walnut, American Walnut--The Aristocrat of Fine Cabinet Wood,
tirvicing Walnut for Profit and Pleasure and Walnut Vencor Tvpes.

American Paper Institute, 260 Madison Avenue, New York, New York 10016, How Paper Came to
Amcrica. How You Can Make Paper, Of Paper and Opportunity and Paper Industry-Fact Sheet.
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Appalachiun Hardwood Manufacturers, Ine., 414 Walnut Streot, Cincinnati, Ohio 45202. The Story of
Appalachian Hardicoods.

Borden Chemical Company, The, Division of the Borden Company, 360 Madison Avenue, New York,
New York 10017, Elmer's Wood-gluing Handbook and Working with Elmer’s Epoxios.

Californina Redwood Association. 617 Montgomery Street, San Francisco, California 94111, Our
Growing Redwoods. The Story of the Redweood Forest, Story of the Redwood Lumber Industry,

Gluing of Redwood, Strength of Redwood and Properties and Uses of California Reduood.
Clover Manufacturing Company, Norwal, Connecticut. Swatch Book and Coated Abrasive Book,

DeVilbiss Company. The, 268 Philipi Avenue, Toledo, Ohio 43601, Spray Gun Motion Studv, The
ABC's of Spray Equipment, and Making the Most of the Spray Painting Method.

DuPont Series, Automation and Employment, E.I. DuPont de Nemours and Company, Wilmington,
Delaware. The Story of Technology, Man and His Work and others.

Fine Hardwoods Association, 666 Lake Shore Drive, Chicago, lllinois 80611, Fine Furniture, Fine
Hardiwoods Sclectorama and A World of Fine Hardwoods,

Ford Motor Company. Fducational Affairs Department, The American Road, Dearborn, Michigan.
A History of Measurement and The Evolution of Mass Production.

Franklin Glue Company, Industrial Adhesives. 2020 Buick Street, Columbus, Ohio 43207. Franklin
Tips for Sclecting the Right Adhesives. .

Hardwood Plyweod Manufacturers’ Association, 2310 S. Walter Reed Drive, Arlington. Virginia
22206, Design Procedure for the Sound Absorption of Resonant Plywood Panels, Vencer and
Versatile Hardiwood Plyuood.

Industrial Forestry Association, 1410 S.W. Morrison Street, Portland Oregon. West (vast Tree
Farms Growing Trees for You and Douglas Forestry--Then and Now.

Irwin Auger Bit Company. The, Wilmington, OQhio 45177, How to Know the Size of a Bit and Hou to
Seldect, Use and Care for Woad Rits.

Johnson Wax, Consumer Education Department, Fl, Racine, Wisconsin 53403. Furniture Finishing
Mcothods and Finish Care and Handy Hints--First Aid for Furniture.

Mahogany Association, Incorporated, 666 North Lake Short Drive, Chicago, Illinois 60611. What
Frervone Showld Know About Genuine Mahogany.

National Forest Products Association, 1619 Massachusetts Avenue, Washington D.C. 20036.
Oppaortunitios Unlimited for Careers of Prestige and Profit in the Forest Products Industries.

National Oak Flooring Manufacturers’ Association, 814 Sterick Building, Memphis, Tennessee
BRIO3. Architects’ Specification Manual and Oak Floors for Your Home.

M

Southern Hardwood Lumber Manufacturing Association, 805 Sterick Building, Memphis, !~ .nessee
IR103. A Guide to the Physical and Working Characteristies of Southern Harduwoods,

Southern Pine Association, P.Q). Box 52468, New QOrleans, Louisiana 70150. The Southern Pine Story
and Ten Lessons in Forestry.

Stas‘nh-_v Tools Division, Stanley Works, 600 Myrtle Street, New Britain, Cn'nnecticut 06050, Steel
Square.
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State University Colloge of Forestry, Syvracuse University, Syracuse, New York 13210, The Story of
Your Christmax Tree, Tree Pest Leaflot Sories and When You Are in the Woads,

U.S. Department of Agriculture, Forest Service, Washington, D.C. 20402, Conservation Activities for
Young People. Forest Inseets and Discases, Forests and Wildlife, Making Paper From Trees.

U.8S. Forest Products Laboratory. Information Services, Madison, Wisconsin 53705, Dividends from
Wood Research,

United States Plywood Corporation, 2305 Superior Avenue, Kalamazoo, Michigan 48003, Adhesives.

West Coast Lumber Inspection Bureau, 1410 8.W. Morrison Street, Portland. Oregon 97205, Grading
Rulcr.

Western Red Cedar Lumber Association, 4403 White-Henry-Stuart, Seattle, Washington.
Nails and Nailing.

Western Wood Products Association. Yeon Boulevard, Portland, Oregon 97204, Information About
aur Forests and Products,

Weverhacuser Company, Box A-76, Tacoma Building, Tacoma, Washington 98401. Let's Learn
About the Forest. Forest Packet, Teacher Packet, Treasure of the Timberlands and The
Weoeverhacuser High Yield Forest.

Worden and Company. Incorporated, 1827 Jefferson Place, N.W.. Washington, D.C. 20036. Houw to
Paint Your Wood Home.

Selected Sources for Occupational Information

The agencies and associations listed will provide, upon request, information about occupations and
professions specifically related to their fields.

WOODS/CONSTRUCTION

American Federation of Labor. Congress of Industrial Organizations, Building and
Construction Trades Dept., 815 16th St., N.W., Washington, D.C. 20006.

American Institute of Interior Designers, 673 Fifth Ave., New York. N.Y. 10022.

Archeology Institute of America, 100 Washington Square East., New York. N.Y. 10003,

Assaciated General Contractors of America, Inc.. 1957 E. St.,, N.W., Washington, D.C.
20006,

Rotanical Society of America, Dept. of Betany, Indiana University, Bloomington, Ind. 47405,

Brotherhood of Painters. Decorators and Paperhangers of America, 217-219 N. Sixth St.,
Lafayette, Inc. 47091,

National Association of Home Builders, 1625 L 8t., N.W., Washington. D.C. 20036.

National Association of Plumbing, Heating-Cooling Contractors, 1016 20th St., N.W_,
Washington, D.C. 20036,

National Association of Real Estate Boards, Department of Education, 36 8. Wabash Ave.,
Chicago. 1. 60603.

National Paint. Varnish and Lacquer Association, 1500 Rhode Island Ave., N.W..
Washington, D.C. 20005. .

National Roofing Contractors Association, 300 W. Washington St., Chicago, 1. 680606,

Society of American Foresters, 1010 16th St.. N.W., Washington, D.C. 20006,

Structural Clay Products Institute, 1520 18th St.. N.W., Washington, D.C. 20036

12.4



EQUIPMENT

leveh 1 & 0
levelr 1] & IV

AND FURNITURE LIST

levels $ & 11
Advanced
Levels 801 & OV

N _ E E Hand Tools
HAND TOOLS i fcont.
Awt, Brad X \ 2 Broom Push X X 6
IR in leagth
Al Seratchon™ X \ 4
Brush, Bench X X 2
Bar. Weeohing b X {
foreed stech, hey stochs Burnisher X X i
RN I round tempered steel: 44277 blade
Beflow s, Moblder a8 X \ hj Caliper, inside 0" X X 2
solid nut
Bit. Auueraenn X \ 2
sizes 10 Caliper, Inside (8°) X X 2
slidnut
Hit, Combimatton drill and X X i
vorntersinh (sef) Catiper, Outside (6°'") X X 2
numbers 108 wlid nut
Bit. Combinaton dritl and \ X 1 Caliper, Outside (8°") X X 2
counterbore (set) solid aut
Bit, l'-f'lcvtri:ian': X X 1 Can, Oilv wase X X 1
IN"L & S 167D 10 gallon capacity
Bit. Fapansive X X 1 Can. Safety (1 qt.) X X 4
Boritg size © N 10 3 )
Can, Safety (1 gal. X X 3
Bit. Extension (IN) X X i an. Safety (} gal.)
_ Chiscl, Butt (set) X X 12
Hit. Forstner thrace set) N X ! 3 blade: sives *o7, 2, WL 1T, 1T
aizes O N L 1, B To )
I f6ths of an indh Chisel, Carving (set) X X 4
Rit. Foratnior hi 0 X X " st of 6 chisels and
11, Forstner (nachinge s . N L0k
o0 dhank: stzes 5, N3, Rauges a‘:p““ e
‘:. 14, o i ththe of un stch Chisel. (i«mgc. h’hid{‘(ﬂ.’" x x 3
. ' ll. 3/'3". ’ "' j“ ‘l. ,Il
Bit. Muiti-spur (set) X X ! s ! )
sot of Hosizes 71T . Chisel, Gouge. Outside (set) X X 3
th lothe plus 11 87 and 1. st of 8 sizes Le't, 38,
t u. I -0' l"
Bt, Plug cuttor (set) X N 1 ) ! ‘
st o A aizes 3N Chisel, Socket firmer (set) X X 4
IR S PR B sof of 6; sizes e, 3K,
UE DRI FE AR VAL R
Bit. Serewdriver tet) X X ! Chivel. Woad turning (set) X X 3
eralt e ast 17
Bit. Pwist, Blectictan's X X i overalt length at feas
IR« IR with square tang Cirele Cutter X X 1
cap. 1" 10 87 diameter
Block, Sanding x X 4 .
rubher, 10 use e ¢ 97 Clamp, Bar (3°°) X X o
paper Clamp, Bar (48°") X X 6
Brace, Ratch 107 X X 3 Clamp. Bar (60°) X 2
Brocket, Naw horse (pain) X X 2 Clamp, *“C** (3") X 4
steel; 1277 5 477 lumber Clamp. *C"* (4) X 4
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EQUIPMENT

AND FURNITURE LIST

2 2
L : o8
: \ - E E
£ 82 F tHeod Tooh g 3% g
HAND TOOLS § 6§ fcont. | 5 &5
Clamp, """ (6') X X Drifl, Twist, Straight shank X X 1
g saee (fractional ser)
Clamp. “C" (87 X X high speed. number 2 Morse
Taper Shank; §5/8''-1*° by Sths
Clamp, Cotaer X X 4 .
3 capacity Files tassorted sizes. shapes,
and cuts, with b ndies, as
Clamp, Fixture (vet) X X ¢ spevified)
for use with %" pipe =
B £ g- -
Clamp. Handscrew (0. 3.0) X X o E S5 &
8 Flat ' X X 2
Clamp. Handscrew (no.0) X X o Double-Cut Bastard
10" Flat stard X X 2
Clamp, Handscrew (no. 1) X X 1n Double-Cut Basta
6" Half-round Hastard X x 2
Clamp, Handscrew (no. 2) X x n 8" Half-round Bastard X x 2
10" Half-round Bastard X X 2
Clamp, Handscrew (no. 3) X X 6 8§ Half-rourd Second-Cut X X 2
_ 10" Half-round Second-Cut X X 2
Clamp. Mitre frame X X 1 8 Mill Second-Cut X X 2
_ 107 Mill Second-Cut X X 2
Clamp. Spring (no, 2) X X n 8" Rat-tail Second-Cut X X 2
. ) {Round, Stim)
Compass. Pencil X X 3 8" Round Sccond-Cut X X 2
. N 5 10" Round Second-Cut X X 2
Countersink Bit X X 6" Slim. Taper Single-Cut X X 2
tfor hrac:?) (set) R Square Scoond-Cut X X 2
vize 5 8 and 3 4 8" Square Smth X X 2
10" Vi X X 2
Countersink. High Speed X X 2 (H‘:;‘t{‘nmnd)
Ye"" shank, "17" size 8" Waood (Flat) Coare X X 2
. . \ 10 Wuod (Flat) Coarse X X 2
Cutter. Glass X X &' Cabinct X X 2
Dic. Letter (set) X X 1 - ?:';'f,f,::“ nd X X 3
316" character height (Half-round)
Dic, Number (set) X X i L ;’abmﬂ Bastard X X
e w b asp
3 16" character heght (Half-round)
Divider, Wing (6" stecl) X X 2 107 Cabinet — Basturd X X 2
asp
) (Half-round)
Do‘\’yii Cf,“,':-'f‘_',",‘g'-‘-”;’f-'? X x 1 6" Slim, Taper Single-Cut X X 2
oo c File. Auger bit(7") X X 3
Dresser, Abrasive wheel X x 1 File Card and Brush X X 6
Drill, Hand (*4"") X X 4 92" L, brush 143" x 8
Drilt Stand (fractional) X X 1 Guage. Auger bit X X 1
for twist drills from guaging holc depth
/ L] e
1716' to 1/2" by 64ths Guage, Drill, Fractions X X 1
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HAND TOOLS

AND FURNITURE

Hand Teols
{cont.|

LIST

levels 1 & N

Advanced
Tevels M1 & OV

Guage, Marking
Guage. Marking (double bar)

Guage. Serew pitch

with 22 pitches from 9 to 40

Guage, Wire and
sheet metal (American)
sizes 0-36

Guage, Wire and Sheet metal
(U.S.8.) sizes 0-36

Gloves, Leather (pair)
Goggles, Clear observation
Grease Gun

Hammer, Claw (7 oz.)
Hammer. Claw (13 0z.)

Hammer. Claw (16 0z.)

Hammer, Magnetic
standard upholstered
Hammer, Soft face (4 0z.)

Hose, Air
- 28" x 14"'; heavy duty
Jig. -Dowe!ling
with guides 3/16'', 1/4"
§/16™, 3/8°, 7/16", 1/2"
Knife, Putty
approx. 1'° W: flexible
tool steel blade

Knife. Sloyd
blade approx. 2 5/8'' L

Level (24" long)

Mallet, Hardwood
Mallet, Rawhide (10 oz.)
Miter Box

26" x 4'' back saw:
8'a right angle cap.

M M M M e e

o Mm M e

M M M e

E - ]

24

W W e

L S N
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Nail Sct (1/16" tip)

Nail Set(3/32* tip)
Nipper, End Cutting (6"')
Nozzle, Blow gun (air line)
Qiler, Bench

200

Vs or 13" pt. size,
5" straight spout

Oiter, Pump
S oz. capacity

Qilstone, Carving too!
slips (set)

Qilstone, Combination, India
course and fine grit;
80. x l.. x 2.'

Qilstone, Combination
Silicon carbide coarse,
fine; 8 x 1" x 2"

Oilstone, Gouge slip

Pan. Dust (12" steel)

Planc, Block
1 5/8" cutter

Plane fron, Double
Plane. Jack (14' L)

fane, Rabbet
4°L: 1°° cutter

Planc, Router

with 3 cutters (*4', 2" and V)

Plane, Smoothing
tength: 9" blade
width: 144"

Pliers, Combination (6"")

Plicrs, Combination (8'')

Piiers. Diagonal-cutting (6°")

Piiers. End-cutting

¥ M M M e

M M e e

o oM e e e

o M e e

N N MW
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EQUIPMENT

Introductory
levels 1 & 1)

Advanced

Levels W1 & IV

AND FURNITURE LIST

Levels 1 & 1 |

Advanved

levels 1] & IV

Quantity

E Hand Toals
HAND TOOLS fcont. ]
Pliers. Vise-grip X X 2 Scraper, Cabinet X X 4
wrench (7°) 2% blade
Protractor, machinist’s bevel X X 2 Scraper. Hand ' X X 6
127 blade approx. 3 x § steet blade
Punch, Center (set) X X 3 Screwdriver, Cabinet tip X X 2
st of §: 11614 (4" and 6'°)
Rute, Flexible X X 4 Screwdriver, Offset Phillips (set) X X 1
Steel tape (0°)
Screwdriver, Offset ratchet X X i
Rule. Flexible X X 4 ‘
Steel tape (107) Screwdriver, Offset X X 2
Straight slot {(set)
Rule, Flexible, X 1 set of tips of 3716
Steel tape (507) 9:32" and 11/32"
Rule, Steel (12°) X X 8 Screwdriver, Phillips (set) X X 2
sct of puints
Rule, Steel (24™') X X 6 numbers 1, 2, 3
e
Rule. Steel (36°) X X 3 Screwdriver, Spiral ratchet X X 2
Sanding Drums (set) X X 2 Screwdriver. Standard bit X X 2
(round blade) (set) :
Saw, Back (12") X X 6 blades 3716, 1447,
S/16°, /8, 1727
Saw, Coping X 6
6'2"" L. pin-end Screwdriver, Standard bit X X 2
{(*stubby’) square shank
Saw. hack thand) X X ! o
adjustable to receive Shicld, Face X X 1n
9-12°° blade
Soldering Copper., X X 1
Saw. Hand. Crosscut X X 4 Electric (00W)
22''-10 puint 4" copper tip with stand
Saw, Hand, Rip X X 1 Snips. Tinner's, Straight (no. 8) X X 2
267°-5% point. straight back Spokeshave, Convex bottom X X 4
Saw, Jeweler's (47 X x 1 Spukeshave. Straight X X 4
Saw, Keyhole X X i :
10°" taper; round blade Spray Gu 1 Qutfit X X 1
Saw. Vencer X 4 Square, Combination(12°) X X 12
Squzre, Combination (set) X X i
Scale, Architect’s X X i {with protractor and
graduation /32, /8" center head) 127 ‘
Js16%, /4, 3/8°, 1/2" ‘ . . o
347 1. 1. 3. each Squarc, Steel framing 12°' x24° X X 6
equalling 1.0 Square, Try (6'') X X 12
Scissors (87 X X 4 Square, Try (12'") X X 4
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EQUIPMENT

Levels 11§ & IV

AND FURNITURE LIST

levels 1 & 11

levels 1M & IV

=
£ ]
- E *,
s | Hand Teols
HAND TOOLS i % lcont.| §
Stapler, hand X X { Weench, Socket X X
N1 throat depth 47 (387" drived (set)
10 picee set, 7 standard
Stool. Student’s adjustable X X ) skets: 3873 4 by foths
147 scat with back
Step, Bench X X o
Fapand Die, NCOULS, standard) X X 1 FABRICATING MACHINES
.20, S 16-in 3 Ko,
= fo-14. t .13, complete with Buffer, Pedestal X X
dic stock and tap wrench
‘ ‘ . Compressor. Air X X
Tap ar%gw. NF(S.AE ) tse) X 1 120 p.ois motor 112 1P 3-phase:
TLONTS 16240 3 N4, 208 or 220 V: 60 gallon tank
7 16-20, 1200 complete with
die stock and tap wrench Drill, Electric, Portabie (3-877) X X
‘ woelig' €
T Bevel o™ X X 2 Drill. Electric, Ponable (44*) X X
Trammel Points X X 2
Feeder. E-Z. Scif feeding, X X
Triangle, 30 degrees- X X 1 3 spreds forward and back, V belt
60 degrees (™) drive, 110 volt and 4 rubber feeder molls,
. Grinder, Edge tool (beneh) X X
Tr;‘:“i‘;'f:m " (87) X X ! 1" x 7 model including one
s HCRTL fine grit and one coarse grit
wheel: motor Lo HP 60-oveles
TSq.uz_m' . . X X 1 HOV with overfoad protection
minimum size 24°
Grinder, O Tool X X
Viee, Bench Drill 37 opening X X 1 ﬁ.(mr madel 2-11: "xb
otlstone: wheel, one coarse
Vise, Madchinist's beneh X X 2 and one fine grit; L2x8"
o8t i\-c‘ "'d\c. 3“ i“\\' .‘““ ”m\“ing t'mt'l'_\‘ tht‘h "HP: “ﬂV:
td)-cvele
Vise, Miter X X 1 . .
Juinter (8™ X X
Vise, Swived X x 1 long bed: floor modet:
2 e, rapid positioning motor ' HP: 60-cyele;
J-phase; 208V or 220V:
Wrench, Adjustable cnd o' X X h) with magnctic \lwm'h and
: . overload protection
Wrench, Adjustable end (89 X 1 .
. ; Lathe, Wood turning X X
Wrench, Adiustable end (10°9) X i 127 swing, minimum 38"
renelt. Adistable ene between center: motor Ve HP:
Wrench, Adjustable end (129 X 1 t-cyele: Z‘(')NV or 220V; ]
3-phase: with mounted switch
Wrenh, Allen ke X X 1 and werload protection: to
hew isel) include cup center, spur center,
st incliudes sizes 3 fuce plates. one 6°° tool
nunhers 14-12 rest, 1 otool support buse,
I knock-out base
Wreenoh, Open end tset) X X 1
rench. Opei cnd taet Plane, Portable, Eledaric X X

size tael

1167
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EQUIPMENT

AND FURNITURE LIST

Siander. Spindle
19" oseclluting abrasive
sfeeves; floor stamd; motor
toHp, 3-phise 208 or 220v
with mapnetic swich and starter

madel: motor SHP., 60-cycle.
208V or 220V with switch and
overfoad protection

136

> (4
= - ,
= BT
bl - & - -
B i
E'ﬁ 5% 5 Hand Tools % 33
HAND TOOLS & 83 lcont.] § 53
Press, Dol (189 X i Saw, Band. Woodcutting X i
187" capacity: variable speed: 14 floor madel nuor L2 HP,
nummber 2 Morse taper in spindle: 60-cyele, 208v or QAN
foor model: * 07 key chuck: J-phase with magncetic switch
uiting standard table: with and starter or 207 maodel.
HP, Lphase motor, and magnetic motor 112HP.
witch and starter
Saw, circle, portable X 1
Pross, Trio. 12 ton capacity X i power, 417 dia.. bade,
hvdraubic fuck, heated motor amps 4.5, jength
platons, HO volts, jack 1, 8 8 dia., arbor hole.
of pross ape, assorted dies
and plangers. Saw, Circular, Power X 1
107 floor madel with motor
Pross, Veneering amd Luminating, X I 1 oHP, 6b-ovele, 208V or 220V,
air power operated, 20,000 Iby I-phase with magnetic switch
clamping force, for flat or and starter or 127 moded, -
curved work, uses bladder for maotor SHP
clamiping force, portable.
Saw. Jig (serolh) X 1
. Router. Portable, Electric X 1 2477 metal stand; motor
'+ oor T KRHP motor 1iHP, 60-cvele AC. 1SV
with muagnetic switeh and starter
Router Shaper. overarm, X 1
Untversal mator develops 2 hap., Saw. Radiat-arm, Power X 1
1477 & I8 table with miter ) saw complete with stand.
sfot. head travels verticalty, table table oxtensions: motor totally
fence hatdves independentaly, and enclosed and fan cooled; maotor
adjustable front 1o rear, 230 volt, JHP. o0-cocle, 208V or 220V,
J-phase: with magnetic switch
and starter
Sander, Belt, Portable, Elearic X i
I M ar d x ML 1AV AC Saw, Sahre(bnynm-t) X 1
portable; heavy duty
Sander, Combination bel X 1
and dise 677 belt Shaper. Spindice (Roor model) X H
127 dise, floor madel: complete with interchangeable
motor 1 HP, 30-cvcle, 208V or spindies S/10", 1/2%, 3/4",
20V 3-phase: magnetic and 1" adjustable fence, hold
witch and starier down guides and fonce guard
assembly; motor 1HP, S0-cvele,
Sunder, Finishing, Portable X 1 208V or 220V, 3-phasc. including
Electric theasy dutyvy reversible awitch and overfoad
protection
Sander, Handblock stroke X i '
6" belt with sock cap. 47 Surfacer (single surface planer) X i
thick, 60" L; motor 1 HP; 12" x 8" cap: floor
Jophise: 60-cveler 208 or maedel: motor IHP, SU-C,V(‘.“C.
20V with magnetic switch 208V or 220V, 3-phasc with
and statter magnetic switch and starter
and overload protection: or
X 1 IR or 207" cap: floor R



EQUIPMENT

HAND TOOLS

levels 1 & N

levels I & IV

AND FURNITURE

Hand Teals
feent.|

LIST

levels 1 & 1}

Advanced
Levels 11 & IV

Uniplane. o width cutting
capacity, depth 1 8% K
cutters, miter shot on
table, ‘4 hup.. 3 phase
motor, I vohis,

Weelder, Electronie Glue
Penctrates 277 of wood, 4
tubes, portable, 118 volts,
18 amps.. 13 coax. cables,
lighweight hand gun,

GENERAL FURNISHINGS

Bench, Denmonstration
Pha®" & N 8 0" rable top

Bench, Woodworking (2 place)
LA SRR S 1= I
hard maple top: wood or

metal: base units 36 W x 21 D,

overall bonch height
337 with 2 vases

Bench, Wadw orking (4 place)
T AT v 17 meunted
on twe 300W 211 « 31TH
base anits of wood or metal:
hard maple top: with 4 vises

Bookcase

. apros. 607H & 107 10 127D
T30 3 adiustable shelves,
“woud or metal

Cabinet, Filing
4 drawers;
S2"H N I8UW 28D

Cabinct, Finishing (storige)
stee! construction,
adjustable shehes, 2 doory

with focks

Cabinet, Machine gecessory
YW o 217D x 3THL

woerd o mietal; 2100 8 2200 v N

ngple {op

€ ubinect, Nl and
SUTUW ST e
221,7H v 4K
plastic drawers

scesthrotgh

4

13.7

Cabinet, Storage
J2W x 22°°D x 84'H:
7 shelves: wood or mctal
construction

Cabinet, Tool storage
approx. 62°° x 22D x 84" H

Chair, Teacher's
welded steel construction,
swivel, with casters

Compressor, Air
120 posii, 1V HP, 208V
motor: 60 gallon ‘tank

Dok, Teacher's
42 x 30 x J9UH,
welded steel construction

Drying Chamber,
Fx¥'xR'. 220 voit
heating clement,
virculating fan,
attomatic control svstem.

Dust Collection System

Extension Cord
heavy duty: grounded, 25°

Fans. Portable.
10 volt, 14" blade.
guarded fan blade ares.
4" rubber wheels, 12° cord

Fire Blanket
Fire Extinguisher
Firat Aid Kit
Granulator. 47 wide
rotary cutters. feeding
rate 20-40 Ibs, hr. portable,
220 volt, cquipped with mercury

breaker switeh to cut motor for
safety.

Pencil Sharpener. Standard

Projector. Filmstrip (3Smm)
and sfide (2 x 2°9)

Projector, Motion picture.,
Sound

Projector, Overhead

- -

-

- S -1



EQUIPMENT AND FURNITURE LIST

levels 1& B

levels 11 & IV
levels 1 & 11

Advanced

Hand Tools
HAND TOOLS foonst. |
Rack. Glue Clamp X X 1 Tumbler with rubber X X I
1 x0Tk 32TH drums, six b, cap..
110 volt motor,
Rack, Roll, X X 1
Wrapping paper (247) ’ Vacuum, portable X X 2
28 gal. fibre drum
Refrigerator. 110 volg, X X | cap.. hose and nozzie,
soelf defrosting, storage area 110 volt muotar.
N deep. 2277 wide and
¥ tong. Woad Impregnation X i
‘ (WP() Unit,
Screen. Projection X X { Impregnation vessel,
ol s 60"’ surge  tanks,
. monomer charge,
Sprav Booth. Dry X X 1 vacuum pump. line,
approx. size W x TH x 4% guage and gate assemblics,
working depth, with fire
deflective curtain and paint Waad Study Center. X X 1
drrestor filter cells Microscope, 10x and
43x power lens. scope
= Stoek Carts. 3 shelves X X k] light. scope-aid sereen,
20" wide. ¥':° long and coneave mirror, assortmoent
3 high. 4°° rubber wheels. of siides.
Table. Drafting X X 1 EXPERIMENTAL AND RESFARCH EQUIPMENT
overall size approx,
A8 x 28 x J9UH. wood
or metal or overall sive approx, Hot Plate. Electric (100V) X 1
38 x IR x J9H, wood
or metal Meter, Maoisture content X X 1
, {electric)
Table. Overhead projector X X 1
Microscope X X 1
Table, Finishing X X 1 Hix Hygenian evepiece with
1 x 247 x N0 ply pointer. triple revolving
wood top. covered with nose-picces: 3 standard
20 pa. galvanized steel objectives: dx. 10x, 43x;
plain stage with side clips:
Table, Spraying X X | fixed in stage condensor;
top size S0 diameter; . iris diaphragm: in base
with lazy susan: bearing illuminator
attached (o outside
Oven X X i
Tank. PEG. 220 volt X X 1 12°W x 10”H x 107'D;
heating clement, 220V, 3-phase or 110V,
thermaodise. safety switch single-phase
and power panel, 2' x 2" x & _
fong fiberglassed box with Press. Hydraulic, Heated platen X 1
fid and pilot light, minimun cap. §2 tons;
with 12°° x 12" platen
Testing Machine, X X 1
Universal. 20,300 Ibs, cap.. Scale. Houschold X §
hand hydraulic foad vap. approx. § fbs.
application. ram travel :
4142, with accessories 5 Scate, Luboratory X X 1
for testing. precision accuracy:

maximum 1600 grams

3-8



Polyethylene Glyeol (PEG)
Soaking Schedule

Name Date - Sheet No._1 of 2
Item & No. T

Species

Size

Defects green
Condition

% of mixture

Solution temp.

Immersed in Solution

Removed from Solution

Total soaking
time

Green Wt.

Soaked wt.
(air dry 30 min.)
& date

Eqmce.
& date

Total wt.
loss

Comments

‘ - 14-1




Polvethylene Glycol (PEG)
Dryving Schedule

Sheet No.

2 of 2

Name

lcem & No.

sequence used

Drying: Date,
wt. & temp.

Removed from drying
sequence, date & wt.

Machining
dates

Comments

EBiq‘ 15-1
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Wood Plastic ('.ummmition. (WPC()

Name Date Shecet No.
Batch or “run" Treatment Chamber Size
Monomer Catalyst Percentage
Size Weight (grams)
# of Beforae] After % of
Sample Species Dimen. j_Cu. In Irt. Ixt, Incr. Incr. Comments
TOTALS
Monomer gallons, and/or pints, grams, cu, in.
Catalyst __grams
Dye grams, color
Vacuum time start, finish
Pressure ~ pounds
Soaking time start, finish
Heat degreces F., time

NOTE: 7% of increase in weight {s found by dividing amount of increase by original weight.

17-4




Missouri
State
Department
of Education

*Change should be appreciated and made welcome, not avoided or
resented. As Americans, we've benefited 2mormously from it. Today,
change is rampant and nowhere is it more evident than in the field of
education. We can no longer think in traditional terms. Tomorrow and for
many years to come, education must recognize the ‘‘career’’ concept which
included all areas and all levels of career preparation.”

Arthur L. Mallory
Commissioner of Education



