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FOREWORD
 

For the want of a nail, a horseshoe was lost.
 
For the want of a horseshoe, a horse was lost.
 
For the want of a horse, a rider was lost.
 
For the loss of a rider, a battle was lost.
 
All for the want of a horseshoe nail.
 

(Poor Richard's Almanac 1757d
 

Technologies, "hard,""soft," and "intermediate" operating
 
separately and in combination are used increasingly in Bangladesh.
 
From its inception, ADAB has sought to identify those technologies
 
which are "appropriate" for agricultural development, bearing
 
in mind the surfeit of rural labour, the relative scarcity
 
of western raw materials and natural resources, and the poverty
 
of the average villager.
 

"Hard" technology is employed for instance in the Taejgoan
 
( Dacca ) machine shops and manufacturing plants, in the large
 
jute mills in Khulna, in the deep-well projects of the Northwest
 
and in those TCCAs which rent tractors and power tillers to
 
members of cooperative societies. The deep tubewell and tractor
 
technologies are appropriate provided they are used on projects
 
farmed cooperativel'y and/or on a "block" basis. However the
 
lack of spares and especially the shortage of trained operators,
 
mechanics and maintenance personnel evidences a shortage of
 
skilled labour appropriate to the technology. This shortage
 
of skilled personnel has made a once appropriate technology,
 
totally inappropriate, as demonstrated by machines, tractors,
 
trucks, pumps, etc. laying idle and rusting throughout the
 
country.
 

The average small farmer employs the same labour-intensive
 
"soft" technology used by his grandfather. Few such farmers can
 
afford the simple "intermediate" types of machines and farming
 
implements being produced by the Comilla Cooperative Karkhana.
 

The employment of any level of technology presupposes
 
that someone can "fix" it when it goes wrong. In most ever'y
 
village there is a person who can repair the simple traditional
 
farming implements. But when we move to the "intermediate"
 
level the "know how" and the repair facilities are in short
 
supply. In today's Bangladesh there is a shortage both of
 
competent instructors in technology and of instructioral
 
materials for trainees.
 

WORKSHOP PRACTICE was produced while the authors were
 
instructing would--be mechanics and their technical trainers.
 
No suitable training materials being available, they created
 
their own. Thus this book was produced of necessity, after
 
having been revised on the basis of "feed-back" from trainees.
 
It is being offered to the training profession as the missing

"nail" which hopefully will enable them to do a more adequate
 
job of instructing the technicians Bangladesh needs to maintain
 
its machines.
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I NTRODUCTION
 
This pamphlet was produced to meet the objectives set below.
 
It was prepa,.J on a budget of 250 Taka, 4NtO sterling or
 
$US 15), up to the point of printing, and completed in one
 
week.
 

Neither of the authorb has any developed technical skills in the
 
field of printing, and no technical assistance was sought.
 

Ohjectives
 

The objectives of this pe-,phlet are-based on experitnces gained
 
by the authors over the course of 1977 whilst desigring and
 
setting up a machine shop course at the Mair Dierel Training
 
Centre, Narayanganj, at; part of an ILG/NORAD project.
 

They are:
 

I.. To provide some basic visual-aid information sheets
 
for use in workshop instruction.
 

2. To demonstrate the fact that the production cf
 
"home-made" educational materials is cheap and relatively
 
easy, using resources already available to most training
 
centres.
 

3. To emphasise the need for rel e(or approDriateness)
 
in the design of workshop exercises and the outline of the
 
course.
 

4. To develop among instructors the ability to inteprate
 
theory and practice, i.e. the ability to link Everything
 
from the blueprint, through the operation sheet to the
 
lesson plan.
 

5. To begin, in a very small way, to provide the means
 
of establishing teaching/learning standards in vocational
 
education.
 

Cheat and Easy
 
The materials used in preparing this pamphlet are mostly avail­
able at all training centres: A4 paper, a pencil, a 12" ruler
 
(or scale), two small bottles of library paste, a pair of
 
scissors, a ball-point pen and a duplicating machine. The
 
only item which is not likely to be available is a felt-tip
 
pen, which can be bought br IC Taka, (750 or 4Cp).
 

One of three approaches may be followed in preparing visual­
aids.
 

(a) Informati :.sheets could be produced as in the
 
the case of th ;e shown in this pamphlet, using
 
electro-stencils.
 

(b) A wax stencil could be used, or
 

(c) 	 Display sheets drawn on larre sheets of paper
 
card, (say 3 feet by 4i feet), could be developed;
 
bound' in a wooden holder at the top and hung on a
 
blackboard easle.
 

(See explanation in Section 2. "Preparing Visual Aids").
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The cost of system (c) in the first year would be substantially
 
the same as the wax stencil system, but would fall to half in the
 
second year because system (c) materials are reusable. At the
 
end of five years it would be 1/5th of the cost of the wax stencil
 
system, but would probably need to be completely replaced at that
 
point.
 

The authors estimate the cost of implementing the three systems,
 
described in the next section, at 1,000 - 500 and 100 Taka
 
respectively, ($66, $33 and $6), per course ier year.
 

Appropriate Technical Education
 

Appropriate technology is a fluctuating concept. What is
 
appropriate for a village workshop will not necessarily be
 
appropriate for a modern training centre. The technological
 
needs of a training centre in Bangladesh will differ from the needs
 
of, say, a European centre.
 

In a society where most of the private working of metal utilizes
 
hand tools, and where huge quantities of modern equipment are
 
left to rust for want of proper maintenance, the emphasis must be
 
on the technology of m a modern workshop/machineshop.
 

The skills to be developed must include:
 

(a) 	 A solid foundation in the use of hand tools for the
 
production of parts for use in the workshop.
 

(b) Practical experience in the use of machine tools for
 
the production of equipment useful for maintaining and
 
developinp the workshop.
 

(c) 	 Coil winding and the repair of electrical circuits
 
and fuses.
 

(d) 	 Machine maintenance, including oiling and greasing,
 
cleaning, aligning and adjusting parts, etc.
 

In short, the student must develop a harmony with the machine shop
 
environment comparable to the farmer's raport with nature and his
 
draught animals. No farmer would leave an ox without water for a
 
day - indeed the animal is even washed with a startling frequency,
 
But instructors and students from the same family will leave a
 
machine without oil - not for a day or a month, but for many years.
 
The machines die of thirst and abuse.
 

The Brinell Hardness number ? - or how to use a hammer
 

Instructors have at the moment no established stock of educational
 
material from which to teach skills. There is not an integrated
 
system of instruction (including related theory,'. This is a
 
great disservice to the student who wants to learn practical skills
 
and a waste of educational investment. At the same time, in
 
theory claso, under the present :system", the student who does not
 
yet know how to hold a hanmer correctly may be "learnintf" about
 
Brinell Hardness numbers, because the instructor, who is completely
 
unguided, will teach subjects in which he is interested.
 

The student who leaves i training centre with a thorough training
 



in'brsic metal working will develop his skills in industry. The
 
one who acquires only superficial knowledge of advanced exercises
 
or-learns advanced theory and very little practical skill, will
 
not last as an employee in a workshop.
 

This pamphlet advocates and elaborates a system of integrated

educational materials development, geared to the needs of
 
appropriate technical education and with the aim of avoiding
 
discontinuous, patchy, educatlon.
 

Basically it consists oft
 

(a) 	 Examining the workshop environment to establish what
 
items of eauilment are reauirgi which can be made by the
 
student.
 

(b) Preparing adrain.
 

(c) 	 Preparinr an Operation SheeA from the drawing, on the
 
basis of the instructor's knowledge of the skill breakdown.
 

(d) Incorporating the skill breakdown into lesson plans.
 

In this way the related theory classes will be in line with the
 
students' needs; the work of the student will be appropriate to
 
the needs of his environment, and the work of the instructor will
 
have an efficient structure, which will raise the standard of
 
education in his section.
 

In addition, it will give the academic leadership a measure of
 
control which currently is lacking.
 

Standards ,
 
The implementation of the system outlined here would establish an
 
initial, general standard:
 

"Students will gain experience in all production processes
 
necessary for the maintenance and development of their
 
workshop."
 

From this crude standard, learning objectives can be set, and the
 
standard could be modified over time to suit the requirements of
 
manufacturing industry.
 

It is the opinion of the authors, though not necessarily that of
 
any organisation with which we are associated, that the provision

of expensive equipment, and textbooks in the English language,
 
to local training centres, is not nearly so helpful as assistance
 
with self-help Drop.,rammes, initiated and implemented by the
 
competent authorities in technical education circles in
 
Bangladesh.
 

This pamphlet is a contribution in that direction.
 

Byrne Malcolm Willis
 

December 1977
 



2. PREPARINCr VISUAL AIDS 

The production of information sheets of the type in this pamphlet is a
 

cheap and easy method of providing visuai aids to technical students.
 

Two methods may be used. Both start 	from the same point.
 

1. Take a number of technical textbooks which cover the subject you
 
want to teach.
 

2. From the informatlon in your curriculum, mark those sections
 
which are relevant to your course.
 

3. Within those z-ections, mark the drawings which you think would be
 

of greatest educational value in simplifying the 'ubject for the student.
 

4. Prepare a rough sketch or a tracing of those drawings.
 

5. Modify the text to suit the new form of the visual display.
 

Now follow Method 'A' or IB'
 

Method 'A' (cheap) 	 Method 'BI (expensive)
 
6. Take a wax stencil, 	 6. Take a sheet of good quality
 
(e.g. Gestetner) and spread it white paper.
 
open on a sheet of glass, with

thenbndae sde upperoswit. 	 7a. Either trace the drawing on to
the brandnamed side uppermo~st. 	 io
it, or
 

7. Place a sheet of black
 
carbon paper oveL the waxed 7b. Sketch the drawing lightly with 

a dull pencil. Then draw over thesheet, 

sketch marks with a ball point pen
 

8. Place your sketcn or 	 and rub out the pencil lines.
 

tracing over the carbon sheet
 
and trace over the lines lightly t. When the drawings are complete, 
with a pencil. (This will 	 type in the text and title. (The
 
transfer an iage of the drawing 	 title can also be drawn on with a
 

on to the waxed sheet.. 	 felt tip pen.
 

9. Place the sheet of paper, which
9. 	 Remove the drawings and 

is now referred to as a "master", on
carbon sheet., 

the drum of a stencil cutting machine
 

10. Place the carbon sheet and cut an electro-stencil.
 

under the waxed page of the
 
stencil with 	the carbon side 10. The stencil is then run off as
 

in point 13 of method 'A'.
facing up. 


11. Take a ballpoint pen and (Guestimated cost of this system:
 

draw over the image carefully 1,000 Taka-pluz per course per year.)
 

but firmly until clear black
 
lines come through from the
 
carbcn sheet below. (A ruler
 
or F-ale should be used for all
 
straight lines).
 

12. When all the drawings are
 
complete, the text and tidle of
 
the information sheet can be
 

typed on the waxed stencil.
 

13. The stencil is then "run
 

off" on a duplicating machine.
 
(Produce enough copies for one
 
or two years.)
 

(Rougn estimate of the cost of 
this systen: About 500 Taka per course per year).
 

4,
 



If neither of the above approaches are appropriate, because they involve
having access to duplicating machines and their soft-ware, an even cheaper
method can be used. This involves producing teaching charts instead of
information sheets. Steps I through 5 above will remain the same: 

Method 'C' (cheapest) 

6. Take a sheet of stiff white card, (or thick paper), about 3 feet by
4S feet, and pin it to a drawing board or table top. 
7. 
 With a dull pencil, mark out the sheet to suit the desired layout.
 
8. 
 Again with a pencil, sketch in the drawings and draw in guidelines
 
for the text.
 

9. 
 Take a felt-tip pen and complete the drawings. (All straight

lines should be done with a ruler (scale), but circles, arcs, etc., 
can
 
be fabricated.)
 

10. Again with the felt-tip pen, write in the t2xt in Bangla.
 
11. The pencil lines should be rubbed out carefully several hours later.
 
12. 
 Prepare a drawing for a teaching chart holder with the following
 
features:
 3 8OLT HOLF-S 

V41 H-OLES Foi S-rRiNCq 
Two of these can be cheaply made by a carpenter. Three suitably

sized bolts and two feet of string will complete the holder.
 
13. When a selection of teaching charts on a particular subject have
been completed, they are placed betueen the two batons of the holder.
Three holes are punched through the card with a sharp object. The
three bolts and nuts are used to clamp the holder and the teaching charts 
together. 

14. When the string has been tied in the remaining holes, the set of
 
charts :.ay be hung on a blackboard easel for display. 

5.
 



3. BENCH FITIN& MATERIRL 
Some of the drawings in this section are originals by Malcolm Willis. 

Others he developed from a number of modern publications which emphasise 

the use of visual aids in technical education. The text was developed
 

by both authors. 

contained here constitute about 25% of thoseThe information sheets 
in bench fitting. The informationdeveloped for a six month course 

sheets to be developed are a matter of judgement on the part of the
 

know which processes, operations, nomenclature,instructor. He will 
etc., he has difficulty teaching by verbal instruction.
 

The yardstick to be used in deciding whether to produce visual aj44
 

information sheets is:
 

(a) Will it simplify the process of learning for the student, or 

is it necessary that the student have a record (reference/
(b) 

memory jerker, etc.,) for use at a later date, either d.ring 

training or in his working life. 

It is intended that the information sheets contained heA. should serve 

as examples of reasonably well produced amateur visual aids which meet 

the aims of : 

(a) minimising text, and
 
(b) maximising visual clarity,
 

a basic stock of educational material on whichapart from being 

traininq centres can build.
 

this section critically. He shouldThe instructor should examine 
He should ask himself: How
examine the difference between sheets. 


much of the material is instructive;.how much descriptive ? Are the 

pictures memorable ? Clear ? Could I develop better sheets ? 

If he is not interested in developing educational materials he should 
his present confusion.put this pamphlet back in the drawer and return to 

He will gain nothing by reading the pamphlet unless he wants to work 
else makes him work on it.on educational materials, or someone 

6.
 



MIRRING OUT PROCEDURE
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INTRODUCTION TO CHISELS 
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TAPPING. AND SCREWJINQ
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TAPPINCr AND SCREWING~ i
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WORKSHOP SAFETY' - Z ,
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NUT AND 80OLT FASrcMNINQ 
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SCRAPERS5 AND SCRRPINO. cw;uf
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DRILLINGr AND REAMII4 -I 
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II DRILLINGr AND REAMIN&r - I 
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DRILLING & TAPPIN&
 

DRILL SIZES FOR TAPPED AND CLEARANCE HOLES
 
Tap Threads per
 

Size inch of tap Tapping Drill Clearance Drill
 

British Standard Whitworth (B.S.W.)
 

I/B" 40 3/32" 2.55mm 1/8" 3.30mm
 

3/16" 24 9/64" 3.70mm 3/16" 4.90mm
 

1/" 20 13/64" 5.10mm 1/4" 6.50mm
 

5/16" 18 1/4" 6.50mm 5/16" 8.10mm
 

3/8" 16 5/16" 7.90mm 25/64" 9.70mm
 

7/16" 14 23/64" 9.30mm 29/64" 11.30mm
 

1/2" 12 13/32" 10.50mm 33/64" 13.00mm
 

British Standard Fine (B.S.F.)
 

3/16" 32 5/32" 4.00mm 3/16" 4.90mm
 

1/4" 26 13/64" 5.30mm 1/4" 6.50mm
 

3/8" 20 21/64" 8.30mm 25/64" 9.70mm
 

7/16" 18 3/8" 9.70mm 39/64" 11.30mm
 

1/2" 16 7/16" 11.1Omm 33/64" 13.00mm
 

3/4" 12 21/32" 16.75mm 49/64" 19.25mm
 

From the table above you can establish
 

the correct drill to use before tapping
 

a hole, and the drill sizes for clearance
 

holes.
 

22.
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4. DVELOPING WORKSHOP EXERCISES 
It is the responsibility of the working instructor to develop
his own educational material. 
 It should form an integrated
system of theory and skills based on the production of
useful workpieces which will benefit the workshop and
 
training centre..
 

At the beginning of this section, marking out procedure
was outlined briefly. But marking out should not be taught
in isolation from production.
 

In practice, that marking out exercise should be 
a step in the
production of a job which is 
seen to be useful.
 

It should be based on a drawing (blueprint) as shown here.It also should have an accompanying Operation Sheet forthe guidance of the student. ( Also shown here ). 

STEPSIN DEVELOPING EXERCISESI
 

1. The instructor should estblish a list of items which
are needed by the workshop, (e.g. calipers, hinges, drill
staris, machine parts, etc.)
 

2. Prepare drawings showing dimensions and form.
 

3. 
 From the drawings, prepare Operation Sheets.
 

4. 
 Assess the skills involved in producing the job. 
 From
this information lesson plans will be drawn up. 
 (Theory
must always be related to the practical requirements of the
 
students.)
 

250
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FILING AND DRILLING OPERATION SHEET
 

TOOLS REQUIRED FOR THIS JOB
 

Files
 

Marking out Tools
 

Drills
 

Centre Punch
 

Hacksaw
 

Hammer
 

You must now work out the size and type of tool you require
 

Operations:
 

1. Check metal for size 4 3/8" X 2 5/8" X 3/8".
 

2. 
 File two datum faces square and flat to each other.
 
3. 
 Mark on centre line then mark out job 
as drawing t 1/64th.
 

Mark out hole slots.
 

h. Hacksaw almost to size and then file to correct size.
 
5. 
 Centre punch, centre drill and drill holes. File out
 

holes to size.
 

6. Check all 
sizes with rule (scale), and remove all sharp edges.
 

7. Hand ir.for Inspection.
 

8. This job will be marked and 
 ll marks recorded.
 

27.
 



OUTSIDE CRLIPERS NOT TO SALE
 

NS: a o5 to b. proctuce. 

40 

SIDE VIEW
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OUTSIDE CALIPERS OPERATION SHEET
 

TOOLS REQUIRED FOR JOB
 

Files, Hacksaw, Centre Punch, Hammer
 

1/8" Drill, Dividers, Ruler (Scale)
 

Scriber, Try Square, Marking Out Blue.
 

Operations:
 

1. 	 Check metal for size 
 4j" X 	2 " X 1/8".
 

2. 	 Mark on centre line.
 

3. 	 Dot punch hole. Using dividers, scribe out the 

5/8" hole.
 

4. 
 Mark off the 3" length. Mark off 3/16" both sides
 

of the 	centre line. Draw a line at a tangent to
 

the 5/8" diameter.
 

5. 	 Mark on the 1)" 
 and the 1 3/8" centre lines for
 

the radius.
 

Mark on the radius
6. 	 1,"and 1 3/8" with dividers.
 

Round off the 1/8" radius at the point.
 

7. 	 Centre punch and drill 
1/8" hole for rivetting.
 

8. 	 Using hacksaw, cut out. File to size. Remove
 

all sharp edges.
 

9. 	 Two of these must be made.
 

10. 
 When the two pieces have been filed to size and shape,
 

and the holes drilled 
i They must be rivetted together
 

with a 1/8" countersunk rivet.
 

11. 	 Hand in for Inspection.
 

12. 	 You are being marked. The marks are 
recorded.
 

29.
 



PPEPIRIN@ R DRAWIN& & OPERATION SHEET 
in
Suppose a drill 	drift is to be made by the student for use 


The form of drill drifts should be well known
the workshop. 

clearly the next most important
to the instructor. The size is 


consideration.
 

A.
 

The instructor should measure the slot in the tapered adaptor
 

for which the drift is being made. He should ensure that the
 

job is so designed that it will begin to engage near point A.
 

It must be able 	to complete its job of ejecting the drill
 

before it reaches point B. This function determines the
 

length and angle of the taper.
 

a
Assume his calculations are complete. He must then prepare 


simple drawing showing the form and dimensions of the drift.
 

5" 

I"I
 

T141c: LCVJ CARgOr4 $TEEL 

SHOULD BE u-EO. 

can beain t6 prepare his Operation Sheet.
From this drawing he 


30.
 



THE OPERATION SHEET
 
The first requirement Jis to specify tools for the job.
Obviously, since the job must be marked out, 
a scriber and
 
a try-square will be needed.
 

What about marking blue ? Files ?
 

For the hole: a centre punch, hammer and a J" drill.
 

How will the form b, cut ? 
 With a chisel ? Or a hacksaw ?
 

How will the measurements be checked ? 
With calipers or a

rule ? Write them down.
 

Tools Required for Job
 
Files, centre punch, hacksaw, i" drill,
 
try-square, marking blue, ruler, scriber
 
and hamer..
 

That's a beginning.
 

What about operations ?
 

What is the first step ? 
 Check the last operation sheet 
-

it may contain a clue.
 

The first step in most operation sheets involves either
cutting metal to size 
or checking pre-cut metal for size.

So write it down.
 
The second step is very often filing two datum faces flat and
 

square to each other.
 

From these datum faces, the marking out can be lone.
 

Marking out of any detail on the form follows marking out of
the form. Similarly, the production of detail on the form
follows the hacksawing and filing to size of the form.
 

The final operation or operations normally incluae removing

sharp edges and burrs, scraping holes, etc., and checking

measuremencs against the drawing.
 

Now rearrange these items to produce a logical Operation Sheet
and check it against the sample shown hereafter.
 

31.
 



SAMPLE OPERATION SHEET (Drill Drift)
 

Tools Reauired
 

Three files (rough, second cut and smooth ). 
centre punch, J" drill, marking out blue, 
try-square, scriber, ruler (with 1/64th" 
graduations), haumner and hacksaw. 

1. 	 Check metal for size: 5 1/8" X ii"X t". 

2. 	 File two sides flat and square for datum faces.
 

3. 	 Mark out drift using drawing. (All sizes + 1/64").
 

4. 	 Mark out hole in drift, (i") 

5. 	 File drift to size, (the angle, flats and radii.) A
 
good finish must be obtained.
 

b. 	 Centre punch and drill J" hole.
 

7. 	 Check all sizes and remove all sharp edges and burrs.
 

8. 	 Hand in for inspection.
 

9. 	 You are being assessed and the marks being recorded.
 

10. 	 This job must be hardened in the furnace.
 

Now try to produce an Operation Sheet,without any assistance,
 
from the drawing of a Drill Stand shown here,
 

32.
 



INSTRUCTORS' EXERCISE
 

4@50 

SIDE 

Remember, if you are designing a drill stand, it should be useful

for your workshop. Measure the drills you have to stand in it.
This will determine the size of the holes. 
 You may have to
 
change the dimensions given above to suit your requirements.
 

Use cheap metal. (Wood might also do).
 

When your drawing is complete, prepare the Operation Sheet.
 

This approach can be applied to any area of the workshop. if

there is a shortage of bench vices, a fabricated plate metal
vice can be designed and made in the workshop using thissystem.

Broken joints on 
coolant pumps, (a common problem), can be
removed, measured, drawn, production operations detailed on the

operation sheet, and given to the students for manufacture.
 

If there is anything more disheartening than the concentration
 
on theory in this country, it has to be the sight of students,
surrounded by broken equipment, making "doofers" - useless bits
 

of metal garbage.
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5. DEVELOPINO IIACNINESHOP MATERIAL 
Bench Fitting Material development holds
What was said in the section on 

(Again, the visual aid material
 true for machineshop materials also. 

training


shown here constitutes about 25% of that prepared 
for a 6 mcrith 


course.)
 

One additional point needs to be added.
 

The skills involved in bench fitting are not nearly 
so complex as those
 

which must be developed in the machineshop. Compare, for example, the
 
The
 

skills involved in filing and in parting off a job 
on a lathe. 


number of steps in parting off is 
considerably greater than the steps
 

This creates two problems:
involved in filing. 


name the steps in parting off, and other
 (a) It is not possible to 


machining processes, and expect the student to remember, not alone
 

names of the steps, but also their sequence; and

the 


it is neither practical nor economical for training centre
(b) 

staff to produce visual aid information sheets which 

cover a large
 

number of steps within one skill.
 

For this reason we developed basic skill operation 
sheets, which are
 

issued to the student with a visual aid information 
sheet covering the
 

more important steps to be simplified. This reduces both the volume
 

and the number of drawings which 
to be issued to the studentof paper 

are shown at the
the instructor has to prepare. Three examples 

beginning of this section.
 

(In other cases which appear later in this section, a slightly diffetent
 
tted,

Where the layout of the visual aid sheet pert.

approach was adopted. 


was fairly shoi't, they were 
and if the basic skill operation sheet 

But this is purely a question of economics, and 
does not
 

combined. 

detract from the need, in most cases, for machineshop visual aid
 

information sheets to be accompanied by basic skill 
operation sheets.)
 

skill operation sheets 
Apart from the three examples shown, the basic 

for this section have been omitted, partly for 
reasons of space, but 

facilitate the involvement of instructors in developing this 
also to 
material. 

aid material nor basic skill 
At present, instructors have neither visual 

operation sheets. Additionally, whereas an instructor could verbalise
 

the steps to be taken in parting off, he can only 
perform more complex
 

He has very little conscious recolle.:tion of the steps
operations. 

He can not, therefore,
The skill has become intuitive.
involved. 

To learn a skill, the student must absorb every stp
 

teach that skill. 

in the process.
 

Look at the third example of a basic skill operation 
sheet at the
 

beginning of this section - ("Screwcutting Vee Form Threads".) No
 

instructor could easily verbalise the 36 steps involved from memory.
 

At best, each student would require a full time personal tutor to take
 

Such skills are not being taught at the moment.
 him through the steps. 


Until such time as irstructors are obliged to prepare basic skill
 

operation sheets frc.n available textbooks, the level of skill transfer
 

They can start right here by preparing sheets
 
will remain abysmally low. 


for each of the visual aid sheets shown.
 

is being used, then instead
 If system 'C' - large education charts ­(NB: 

of issuing basic skill operation sheets, the instructor will present the
 

form of trade notes on the chalkboard for the students 
information in the 

to copy in their notebooks.)
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BASIC SKILLS OPERATION SHEET
 

PARTING OFF
 

1. Set workpiece in the chuck allowing width of parting tool tip plus 1/8"
clearance from chuck jaws. 
2. 
Set parting tool in tool box, (tool post), at correct centre
 
height.
 

3. Select aned set speed.
 

4. Hold rule to side of tool and wind saddle along until required 
length on scale is aligned to wrkpiece face.
 

5. Saddle must be clamped to the lathe bed. 

6. Start machine and supply plenty of coolant to the tool tip. 

7. Maintain an even feed rate as parting tool is fed into workpiece. 

G. Using a file, carefully remove the burrs from the corner of theparting slot BEFORE completing the parting off operation. 

NB: Should swarf build up in the slot whilst cutting, thens 

a. wind the tool clear of slot. 

b. Using compound slide, move the tool approximately half its width
 
towards the chuck.
 

c. Feed the parting tool into the workpiece again, this time about 
1/8" more than the previous cut. 

d. Withdraw the tool and return it to its original position using the 
compound slide. 

e. 
 Hand feed the tool in to wrkpiece to part off.
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PARTIN& OFF 

PREPARATION FOR PARTING OFF
 

Set the workpiece in the chuck
 
allowing for the width of the 

* 	 L tool plus " clearance from 
the tool to the chuck jaws. 
With the ruler set the length 
holding the ruler along the 
side of the tool and thp job 
to be cut. 	Mark off the length
 

PARTING OFF
 

Part off the 'Job, winding in
 
the cross--slide by hand. Use
 

coolant. If the tool is on the
 
centre height of the job it
 
will cut to the centre of the 
job, which will fall off. 

SWARF BUILD UP WHEN PARTING OFF
 

If swarf build/9 up when parting
 
off, wind the tool clear of the
 
slot. Never move the tool half
 
the width of its cutting edge
 
towards the chuck. Hand feed
 
the tool into the workpiece.
 
Cutting approximately 4 
deeper than the previous cut, 
withdraw the tool. Return it 
to its, original position.
Feed in the tool. Part off
 
the work.
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BASIC SKILLS OPERATION SHEET 

KNURLING 

I. Set the workpiece with minimum length projecting from chuck. 

2. LWng workpieces should be supported by a tailstock centre. 

3. Turn diameter to be knurled about 0.010" below required finishing 
size.
 

4. Check knurling tool is clean, (no swarf, etc.). 
 Clean with a
 
wire brush if necessary.
 

5. Set pivot pin to centre height.
 

6. Set the knurling tool at a slight angle to give a lead-in.
 

7. 
 Set slow speed and fast feed, and tighten tool securely.
 

8. Start the machine and supply coolant.
 

9. 
 Wind knurling tool into workpiece applying pressure until the
 
full pattern is formed.
 

10. Engage automatic traverse and feed along until required length of
 
knurling is achieved.
 

11. 
 Knurling tool is then wound out rapidly from workpiece.
 

12. Use 45 degree chamfer to remove burrs.
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KNURLIN@r
 

SETTING UP TO KNURL 

Set workpiece in chuck
 
and support with a centre.
 

Visually set the knurling
 
tool at a slight angle
 
to give a good lead in.
 
Check that the tool is
 
clean of swarf. Set
 
the pivot pin to the
 
centre height of work.
 

KNURLING WORKPIECE.
 

Set a slow speed and
 
a fast feed on the
 
lathe. Start the
 
machine spindle. A
 
good flow of coolant
 
is required.
 

Wind the knurling
 
tool into workpiece,
 
applying pressure
 
until full pattern
 
is formed. Feed tool
 
along to required

length of knurl.
 
Remove all burrs.
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(An example ot 
a fairly complex multi-step skill progression which
 
quite obviously must be given to the student in written form if
 
he is ever to master this skill.)
 

BASIC SKILL OPERATION SHEET
 

SCREWCUTTING VEE FORM THREADS
 

1. Mount the workpiece in the chuck and turn diameter to be screwcut.
 
2. 
 Undercut to provide a runout recess of thread depth, approximately
 
two pitches wide.
 

3. Set machine to cut the required pitch of thread. (Set levers in
 
position as indicated on machine).
 

4. 
 Establish which position of the screwcutting dial the screwcutting

lever can be engaged at.
 

5. Screwcutting tool shape must be checked with the aid of a screw­
cutting gauge, (i.e. 60 degrees for metric and unified threads, 55
 
degrees for S.S.W. and B.S.F. threads.)
 

6. Clamp compound slide parallel to machine bz 
.
 

7. Clamp tool on the centre height of workpiece.
 

8. Tool point must be !:et square to the workpiece centre line.
 
Position the tool into an appropriate cut-out of the screwcutting
 
gauge 
while holding the gauge in contact with the work diameter or

face. 
 Gently tap the tool to align tool form with setting gauge.
 

9. Position tool. 
 Take up backlash in topslide by turning handwheel
 

clockwise.
 

10. Set :ompound slide to zero.
 

11. Run machine at low RPM.
 

12. 
 Feed tool slowly in until contact is made with the workpiece.

This will be obvious from a fine ring being cut around the diameter.
 

13. Clamp cross-slide and set index to zero.
 

14. Withdraw tool 
from work surface.
 

15. Make trial cut. Position the saddle to bring the tool
 
approximately 1/4" clear of the end of workpiece.
 

16. Re-index the cross-slide to zero. 
 Apply a cut of 0.024" and
 
mark setting. (Write down if necessary).
 

17. Switch coolant pump on.
 

18. 
 Apply a light engaging pressure to the screwcutting lever just

before an engagement position is indicated on the screwcutting dial.
 
19. Disengage the screwcutting lever with a sharp single movement
 
before commencing ._he work.
 

20. Withdraw tool from work.
 

21. .Stop machine.
 

22. 
 Select correct pitch gauge and offer it in to the lightly screwed
 
work sirface. Pitch of thread must correspond to the gauge.
 

23. Cut the thread. Reposition the tool beyond end of workpiece.
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24. Re-index cross-slide to apply a 0.023" cut.
 

25. Index compound slide forward 0.006"
 

26. Engage screwcutting lever at appropriate screwcutting dial
 

indication.
 

27. Disengage as tool enters the run-out recess.
 

28. Withdraw tool from work.
 

29. Reposition for next cuv.
 

full depth.30. operations to be repeated until within 0.024" of 

31. Stop the machine. Check thread size using a screw ring
 

gauge or a mating component.
 

32. Take fine cuts and check for fit after each pass until full 

depth is reached. 

33. 	 At full depth, index the compound slide back with the tool 
is taken off oppositerunning along thread until a very light cut 

side of thread. 

34. Run this cut over the full length of thread. 

35. Check thread size.
 

36. If necessary, continue to take very fine cuts until correct 

fit is obtained with the gauge. 
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SCREW CUTTINGr
 

SETTING SCREWCUTTING TOOL
 

Set the machine to cut required
 
recess of thread. Set the tool
 
with the aid of a screwcutting
 
gauge.Tool mustbe on centre
 
height of work.
 

Make a trial cut only a light
 
pass and then check the pitch
 
of the thread with the correct
 
pitch gauge. T.P.I.
 

SCREWCUTTING SETUP
 

THE SCREWING OPERATION
 
Work -


Thre& !
 
Depth
 

Tool'only
 

face .Totted cuts on
 
lines indicate this face
 
each cut.
 

Depth of each Compound
 
cut applied at crosslide opd
 
half thread handwheel
 
angle.
 

Half thread angle.
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T14E CENTRE LATH. AND ITS PARTS
 

1. 

2. 


3. 
4 


5. 
6. 


7. 


8. 


9. 


10. 


11. 


!2. 


33 Is I5 ;Lo0lI 

PARTS OF THE CENTRE LATHE. 

All-geared headstock 13. 


Clutch lever 
 14. 


Speed change levers 15. 

Chuck 16. 


17.
Bed slideways 

18.
Four-way turret 


Compound slide 19. 


20.
Apron 


Sliding handwheel 21. 


22.
Tailstock sleeve 


Sleeve locking lever 23. 


Tailstock clamping lever
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Feed reverse lever
 

Quick change gearbox
 

Feedshaft
 
Leadscrew
 

Screwcutting lever
 

Screwcutting dial
 

Cross-slide handwheel
 

Feed engage lever
 

Rack
 

Tailstock offset screw
 

Tailstock handwheel
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CUTTINO SPEEDS AND FEEDS
 

Here speed refers to 
the speed at which the 
job in the chuck of
the lathe revolves, and the feed refers to the rate at which the
lathe tool 
is fed in to 
the chuck.
speed is Use of the oorrect feed and
very important for the maintenance of tf'e
the achievement of rood sizes arc 
tools life, and
finishes. 
 What follows is
chart of cutting speeds, given ir FEET PER MINUTE and METRE PER

a
 
MINUTE, on which the lathe you will find a chart showing how to
set the speed, 
but in REVOLUTIONS PER MINUTE.
require You therefore
a method of converting F.P.M. into R.P.M., 
and this is
given below the speed charts.
 

Recommended cutting speed 
in feet per minute (FPM).
 

Material 
 Roughing Finishing 
 Roughing Finishing
SPEED (ft./min) 
 SPEED (m./min)
 
Aluminium 300-400 
 90-150
 
Brars 


150-400 

45-120
 

Mild steel 
 70-150 

20-45
 

Cast iron 
 60-100 

20-30
 

To find 
the correct Revolutions per minute (RPM) to set your
machine to; Simply take the middle of the cutting speed range
for the metalyou are going to work on. 
 Multiply it by 4 and
divide your answer by the approximate diameter of the metal
you are going to cut. 
ee 
if you are going to machine steel
with a 2". Dia, then the calculation will be 
=
 
FPM X 4 
 200 X 4 
 200 X 4
Dia. of Metal _ 800 -Dia. of Metal 2" 2" = 400 RPM. 

You can 
now work out 
the R.P.M. needed
with any cutter. to cut any metal
When you have your answer in R.P.M. select
the nearest available R.P.M. setting on your machine.
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TAPPING & DIE~ CUTINCr THRERD.S
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MOUNTINCv WORK IN A CH4UCK 
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BORING HOLES
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PREPARING MACHINESHOP EXERCISES 
As explained in Section 4, on "Developing Workshop Exercises", the starting
point is always: "What jobs could the student perform to maintain or develop
this workshop ?" 
 Once the job has been identified, the drawing is prepared.
From the drawing and the instructor's knowledge of the skill breakdown, the
job operation sheet is produced.
 

However, as 
was pointed out in Section 5, on "Developing Machineshop Material",
machineshop skills are more complex than bench fitting in 
terms of the number
of steps in the skill sequence. 
 This largely affects the area of educational
material, but it also complicates the job operation sheet somewhat. 
 For
this reason, we would recommend that the instructor follow the procedure

shown here:
 

(a) Examine the drawing and job operation sheet shown on the
 
next two pages.
 

(b) Prepare operation sheets for the two drawings which follow.
 

(c) Attempt to produce the jobs from his own operation sheets,
and correct any weaknesses, omissions, etc.
 

(d) Prepare drawings and operation sheets for simple jobs

required in the machineshop.

(e) 
 Record all difficulties experienced by the student in using
 

the operation sheets.
 

(f) Amend the operation sheet accordingly.
 

The instructor is now ready to proceed with the production of a range of
 
drawings and job operation sheets for use on his course.
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Operation Sheet
 

Half Inch B.S.W. Bolt
 

1. Hold in a 3-jaw chuck and face off one end.
 

2. Turn on the ° diameter by 3" long, and face out at 3" length.
 
3. Die on the " B.S.W. thread 1 1/8" long with die stock and die,
leaving 1 7/8" plain shoulder. 

4. Reverse job in chuck and face off to length, 1/2" by I" (! 0.032"). 

5. Chamfer head, 1/8" by 45 degrees.
 

6. Remove all sharp edges and burrs.
 

7. Hand in for inspection. 

This is a very simple operation sheet, because the job is very straight­

forward.
 

Now try preparing job operation sheets for the next tw drawings. 

Remember to try them out yourself and amend as necessary. 
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PREPRRINQ LESSON PLANS 
outlined so far in this pamphlet is implemented, i.e. the
If the system 

work is done, then the preparation of lesson plans will be relaiively 

easy, if not effortless. The lesson plan is the very last step in the 

process.
 

The System
 

The system outlined so far will be re-stated briefly and the connection
 

with lesson planning mades
 

1. From the crude teaching/learning standard established in the
 

introduction, the curriculum is designed or modified.
 

2. The curriculum contains an outline of the course and a more
 

detailed course of study.
 

3. The course of study begins at the simplest and works towards the 

more complex skills, operations and theory.
 

visual4. The instructor selects modern technical texts with good 

aid content and marks the section or sections which he will teach.
 

5. Within that section, or those sections, he selects the material he
 

is going to present visually.
 

6. He prepares visual aid information sheets. 

7. He prepares accompanying basic skill operation sheets where 

necessary, i.e. where the skill is too complex in terms of number of
 
retain itsteps to be undertaken for an average student to be able to 


in his memory..
 

8. He examines the workshop environment to establish which production 

exercises he will design.
 

9. He prepares a drawing. 

10. From this he develops a job operation sheet. 

11. Now he must prepare his lesson plans.
 

12. First he must distinguish between theory lessons and skill 
These should be taught separately for
lessons (or "demonstrations"). 


ease of learning.
 

(a) Skill lessons should be performed on or with the equipment,
 

which are the subject of the lesson. They
tools, machines, etc., 

should be basically visual and experiential. The verbal part
 

should be purely descriptive. (No complex theories or
 

calculations should be included.) 

(b) Theory lessons should be taught in a classroom, but should 

always be related, in the instructor's verbal presentation, to 

practical 	applications.
 

No theory lessons should last more than 30/40 minutes, as the
13. 

Skill lessons should be
 

considerably shorter.
 
students' concentration will wane. 


14. The instructor now has. in his presence all the material he 

requires for his lesson plans - information sheets, basic sk4 ll
 

operation sheets, drawings, operation sheets and the course of study
 

specified in the curriculum. 

the order and pace of instruction.15. The curriculum determines both 

The order runs from simple to complex, whereas the pace of instruction 
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is determined by the length of the course and the amount of material
to be taught. There will 
never be time in any training course to
teach "everything".
 
16. 
 The instructor begins the preparation of lesson plans by setting
learning objectives 
- e.g. "The student will be able to set the speed
gears of the lathe". 
 This is obviously part of a skill lesson.
17. 
 A number of compatible objectives may be combined in one lesson:
e.g. "The student will be able to hold a file correctly"; "Will be able
to 
file a flat surface"; "Will be able to

other"; "Will be able to 

file two faces square to each
file to a scribed line", etc.
 
18. 
 A single objective will probably produce a boring lesson. 
 On
the other hand, more than 5 or 6 objectives will probably produce
an over-long, or cramped, lesson and some of the objectives will not
be achieved. 
 Where more than 5 or 6 compatible objectives are
identified, they should be grouped into two or more 
lessons.
Incompatible objectives should never be combined.
 
19. 
 The instructor begins by writing all his objectives for a specified
period. 
 He then combines them into workable lessons. 
 If he has
more lessons than lesson periods, he must eliminate the more complex
material and teach the more basic lessons.
 
20. 
 Then he divides the lessons into skill(demonstration) and theory
lessons.
 
21. 
 He then divides each theory lesson into four parts: 
 1. Introduction,
(which links the lesson to previous lessons and provides the context for
the new lesson). 2. Presentation, (wherein the content of the lesson,
as defined by the objectives, is outlined). 
 3. Recapitulation, (which
involves a brief concise, summary of the presentation); and 4. 
Testing.
(By asking specially designed questions, the instructor checks 
to
ensure that he has achieved the objectives set for the lesson).
Section 2 should be no more than 15 minutes long;
5 minutes each. the other three ebout
(Thr lesson should be timed by the instructor).

22. 
 Skill lessons should be divided into four parts:
(e.g. application of skills to be taught, etc); 

1. Introduction,
 
2. Demonstration, (in
which the instructor demonstrates each step of the skill slowly and
carefully). 
 3. 
Student Practice, (in which one or
attempt to repeat the steps of the skill); 

two of the students
 
and 4. Correction, (in which
the instructor comments on the mistakes made by the practicing students
and recapitulates the steps of the skill). 
 The demonstration should
not exceed 5 minutes. 
 Student practice should not be less than 10
minutes. 
 Parts one and four should be less than 5 minutes each.
23. Information sheets and basic skill operation sheets will normally
be issued at the end of a skill lesson, or during Recapitulation in the
case of a theory lesson.
 

23a. 
 If education charts are used, (i.e. system 'C' in Section 2 on
Preparing Visual Aids), then they are used from the beginning of the
theory lesson, and the students are given time to copy the drawings
into their notebooks. The information which would appear on the
basic skill operation sheet, should, in the case of system 'C', 
be
written on the chalkboard by the instructor and copied by the students
into notebooks. 
 (In the case of skill lessons, the notes are taken
after 
 the lesson is completed.)
 
24. A typical lesson plan might look like this:
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Date:
Lesson No. 


Objectives: The student will:
 

1. Be able to hold a file correctly.
 

2. Be able to file flat surfaces
 

3. Be able to file two faces square
 

to each other
 

4. 7e able to remove all sharp edges
 

and 	burrs.
 

Lesson title: Introduction to 	filing
 

SKILL LESSON/AN /
 

I. Introduction: Explain the applications
 
of filing.( 2 to 3 minutes).
 

2. Demonstration: The instructor scribes
 

two lines at 90 degrees near the edges
 
of a piece of roughly square metal.
 

He demonstrates the method of holdinp
 

the file; files two sides flat and
 
square to each other. He removes all
 
sharp edges and burrs. (5 minutes).
 

3. The students practice these skills.
 

(10 	minutes).
 
errors
4. The instructor corrects thei 


and recapitulates the lesson.
 

NB: 	Issue all relevant information sheets
 

and or basic skill operation sheets
 

at the end of the lesson.
 

Objectives must be capable of being 	
tested in a practical manner.
 

Therefore they must consist of observable 
behavioar changes.
 

It would be useful at this stage if 	the instructor were to put some of
 

the above procedures into practice:
 

job which you want a [uture intake of
 Decide on a very simple 


students to make for the wcrkshop, (e.g. a washer, 
a parallel pin,
a. 


& plain stud, etc.)
 

b. Prepare a drawing.
 

Prepare a job operation sheet.
c. 


Prepare a visual aid information sheet 
and a basic skill
 

d. 
cover all skills 	necessary for the job.


operation sheet to 


From this information, prepare a lesson 
plan.


e. 


FURTHER UNTIL THESE EXERCISES HAVE 3EEN 
COMPLETED.
 

DO NOT READ ANY 
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Once you have completed these exercises, it becomes obvious that i.t
really is not a very difficult job.
 

You are now in a position to give a lesson from your lesson plan.
At the end of the lesson you would issue the information and

operation sheets. 
You could then give the student the drawing and job operation
sheet and tell him to make the job.
 
He would still need some supervision.
 

It really is that easy.
 

Finally, here are some questions to be answered:
 

1. 
 What is the first item to be written before lesson plans are
 
prepared ? 
2. 
 Is it wise to use one objective per lesson ?
 
3. How many types of lesson plan are there ? 
4.a. How many parts are there to a theory lesson plan ? 
4.b. Name them. 
5. What factor determines whether certain objectives may be combined ?
6. Where does the instructor get the information for his lesson plans ? 
Now check your answers carefully against the text above. 
 If they are
all correct, you have absorbed the substance of the system. 
 If not,
then go back to the beginning of this section and re-read it.get all the answers correct, you are ready to 

Whenyou 
start the real thing;preparing all necessary educational material for your course.
 

Happy teaching ...........
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ABOUT THE AUTHORS 

Jim Byrne and Malcolm Willis are both mechanical engineers
 

by trade, engineering instructors by experience. and
 
They both
appropriate technologists by inclination. 


to Bangladesh as organisation and training consultants
 came 

an
seconded by the British Volunteer Movement to 


International Labour Organisation/Norwegian Agency for
 
trainin.
International Development orranisation and 


Programme at the Marine Diesel Training Centre, Narayan­

ganj.
 

Jim Byrne has a varied background in many aspects of
 
-
engineering - (chemical, electrical, mechanical, etc.,) 


He is a graduate
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certificate in advanced machineshop practice from
 

GTC Enfield Training Centre, Enfield, Middlesex, England.
 

Malcolm Willis, who was educated at Burford Grammar
 

School, Oxfordshire, England. has a solid background in
 

mechanical engineering. His apprenticeship was in all
 

aspects of mechanical engineering, with emphasis on
 
and machine maintenance.
fitting/turning, tool makini 


He holds a full. certificate in mechanical engineering
 
from the Engineering Industry Training Board (UK), and
 

is a graduate (with credit) from Oxford Polytechnic.
 

They have both worked as Appropriate Technology
 

consultants to the Education and Urban Services Section
 

of UNICEF Bangladesh, and are currently working as
 
Workshop & Vi±iage Technology consultants to the
 

Village Education Resource Centre, (SCF/CDF), Savar.
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WORKSHOP PRACTICE 
is designed to assist instructors in
the step-by-step process of training the technicians who must
design, make and maintain mechanical implements. This Manual
explains in simple detailed steps both how to create a
functioning workshop and how to 
use simple tools for the
production of equipment in a classroom/workshop environment.
It 
stresses safety precautions and the proper care of machinery.
 
ADAB takes pride in publishing this pioneer work.
 
The authors and ADAB welcome suggestions for its improvement


and reports on experience in its use.
 

Winburn T. Thomas, PhD.
 
Nancy M. Straughan 

Winburn T. Thomas, an Educator who came first to Asia forty
five years ago is Director and Co-Founder of ADAB. He also
is Editor of the ADAB NEWS which by January 1,1978 reached
a monthly circulation of 3,000 copies. This international
publication has pioneered in stressing appropriate technologies
for Bangladesh as well as providing current and relevant
agricultural and rural development information. ADAB NEWS
is practical in scope, undertaking to present complicated
information in lay language.
 

Nancy M. Straughan is 
a teacher and independant international
consultant currently working as 
Co-Editor of the ADAB NEWS.
Additionally she is editing a manual 
on appropriate technology
for Bangladesh, for which she has been research advisor.
This forthcoming publication is by the authors of WORKSHOP

PRACTICE.
 



An Abridged List of Appropriate Technology Publications
 
Available in the ADAB Library:
 

CHINESE CHAIN AND WASHER PUMPS, by Watt, Simon. Publisher:
* 
ITDG, 1976.
 

TECHNOLOGICAL SELF-SUFFICIENCY, by Clarke, Robin. Publisher:
 

Faber& Faber, London.
 

* 	 TOOLS FOR AGRICULTURE, A Buyers Guide to Low Cost Agricultural 

Implements, by Boyd, John. Publisher ITDG 1976. 

* 	 LIKLIK BUK, A Rural Development Aandbook for Papua New 

Guinea. Publisher:liklik $uk Information Centre Papua
 
New Guinea.
 

*'APPROPRIATE TECHNOLOGY, A Handbook. Publisher: Brace
 

Research Institute, Canada.
 

* 	 APPROPRIATE TECHNOLOGY SOURCEBOOK by Darrow,Ken & Pam, 

Rick. Publishers: Volunteers In Asia USA. 

* 	 FIRST STEPS IN VILLAGE MECHANIZATION by MacPherson, G.A. 

Publisher: Tanzania Publishing House Dar Es Salaam 

* 	 ENERGY AND AGRICULTURE IN THE THIRD WORLD (report) by 

Makhijani, Arjun & Poole, Alan. Publisher: Ballinger 
Publishing Company, USA 

* 	RADICAL TECHNOLOGY, edited by Bovle, Godfrey & Harper, 

Peter. Publisher: Pantheon Books. 

* 	 EXPERIENCE IN FARM MECHANIZATION IN SOUTH EAST ASIA by 

Southworth, Herman. Publisher: A/D/C New York, USA 

* 	 SMALL IS BEAUTIFUL by Schumacher, E.F. Publisher: Spher 

Books, Ltd. 1977 

* 	 ENERGY FOR RURAL DEVELOPMENT, National Academy of Science. 

* 	SIMPLIFIED WIND POWER SYSTEMS FOR EXPERIMENTERS by Park, 

Jack. Publisher: Helion, California, USA 

* 	WATER LIFTERS AND PUMPS FOR THE DEVELOPING WORLD, by 

Wood, A.D. Publisher: AID, Washington, USA 

* 	ECONOMICALLY APPROPRIATE TECHNOLOGIES FOR DEVELOPING 

COUNTRIES, An Annotated Bibliography, by Carr Marilyn. 
Publisher: ITDG, 1976 

* 	 HAND PUMP MAINTENANCE. Publisher: ITDG 

* 	 AGRICULTURAL MACHINERY DEVELOPMENT PROGRAM by IRRI, 

Philippines. Publisher: AID, Washiniton 
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