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TRAINING FOR DEVELOPMENT

Peace Corps
INFORMATION COLLECTION & EXCHANGE
TRAINING MANUAL NO. T-25

INFORMATION COLLECTION & EXCHANGE

Peace Corps' Information Collection & Exchange (ICE) was
established so that the strategies and technologies developed by
Peace Corps Volunteers, their co-workers and their counterparts
could be made available to the wide range of development
organizations and individual workers who might find them useful.
Training guides, curricula, lesson plans, project reports, manuals
and other Peace Corps-generated materials developed in the field
are collected and reviewed. Some are reprinted "as is"; others
provide a source of field based information for the production of
manuals or for research in particular program areas. Materials
that you submit to ICE thus become part of the Peace Corps'
larger contribution to development.
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Information about ICE publications and services is available
through:

The Peace Corps Internet Web Site address:
http://www.peacecorps.gov
Please note the new Peace Corps Mailing Address from July 1998 on is:

ICE/ Peace Corps
1111 20th Street N.W.
Washington, DC 20526

USA

Add your experience to the ICE Resource Center. Send materials
that you have prepared so that we can share them with others
working in the development field. Your technical insights serve
as the basis for the generation of ICE manuals, reprints, and
resource packets, and also ensure that ICE is providing the most
up-to-date, innovative problem solving techniques and
information available to you and your fellow development
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Session 5 Representative drawings for construction

TOTAL TIME: 1 Hour

OBJECTIVES: To arrive at an understanding of the different types
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of drawings used to represent design of machinery for
construction.

To practice drawing and tracing.
To learn the names of the parts of windmills using drawings.

MATERIALS: Pencils, typewriter paper and straight-edge for all
participants.

PROCEDURES:
Step 1: 5 minutes

Pass out pencils, paper, and examples of two and three
dimensional and exploded or isometric drawings.

Step 2: 10 minutes
Compare types of drawings and practice drawing or tracing them.

Trainer Note
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If possible, have scale model of a type of mill that is to be built
during this training. Point out the features of this mill that
correspond to the drawings.

Step 3: 5 minutes

Pass out overhead, front, and side view drawings and compare
them.

Step 4:

Pass out and discuss cross-sectional drawings, making sure that
everyone understands them and how they differ from the
previous handouts.

Step 5: 35 minutes
Draw or trace the examples.
RESOURCES: Copies of Attachments 5-A and 5-B

Figure 1: 3-Dimensional (Isometric) View (Scale %1 in. = 1 ft.)
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Figure b
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Attachment 5-A

Figure 2: 3-Dimensional (Isometric) View (Scale ¥4 in. = 1 in.)

Top View
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Front View
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Side View
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Session 6 Shafts and bearings

TOTAL TIME: 1 to 2 Hours

OBJECTIVES: To begin learning about how power is transmitted
by shaft and bearing mechanisms.

To work with the models of shaft and bearing systems.

MATERIALS: Model materials & supplies, wood, wire, glue, pins,
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construction paper, etc.

Shaft and bearing materials or examples (rear auto axle or
similar parts).

PROCEDURES:
Step 1: 10 minutes

Discuss the different materials used for bearings and pass around
examples of bearings.

Step 2: 10 minutes

Discuss the type of bearings to be used in the mill being built
during the training program.

Trainer Note

Oil soaked or greased wood bearings make excellent low-cost
bearings. If they are to be used, discuss their maintenance needs
and their limitations.
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Step 3: 40 minutes

Construct and work with models, making various shaft and
bearing combinations.

Trainer Note

For groups with very little experience with machinery and power,
a model making kit consisting of 1 Erector Set, 1 Tinkertoy and 1
Lincoln Log, plus an assortment of small screws and bolts can be
used. Encourage the use of models at all stages of the building
process.
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Session 7 Strengths and testing
TOTAL TIME: 2 Hours

OBJECTIVES: Familiarize participants with the strengths and
characteristics of the local materials.

Discover what is available in the way of local building materials.

MATERIALS: Small poles, pipe, bamboo, and whatever materials
you wish to examine and test to use in wind system construction.

PROCEDURES:
Step 1: 30 minutes

Walk around the site looking at the types of materials available
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for use. Comment on and discuss the uses, qualities, strengths
and weaknesses of the various types of materials represented.

Step 2: 15 minutes

Explain the method of destructive testing-pushing things to their
limits.

Step 3: 15 minutes

Test some poles by supporting them at varying distances
horizontally along their lengths and having someone stand on the
middle of the poles.

Step 4: 5 minutes
Make some educated guesses at the stresses involved.
Step 5: 30 minutes

Discuss the forces on a mill and give some idea of the size of the
forces-wind load and centrifugal load on the rotor and tower, as
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well as the pump loads.

Trainer Note

Approximate stresses on the windmill are given in the handout
titled "Rules of Thumb for Wind Waterpumps"

Step 6: 25 minutes
Test more materials for strength and flexibility.
RESOURCES: Copies of Attachment 7-A

Attachment 7-A
Material Strengths & Testing

RULES OF THUMB FOR WIND WATERPUMPS

Centrifugal Force - (assuming a rotor tip speed ratio of
approximately 1)

1 pound at one foot from the hub exerts with a force of 55
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pounds in a 60 mph wind.

1 kilogram at 1 meter from the hub exerts with a force of 180
kilograms in a 100 km. per hour wind.

Maximum Windmill Drag Approximation - (in a 60+ mph (100+
km. per hour) wind)

10 pounds per square foot
45 kilograms per square meter
Power Calculation -

One horsepower is equal to lifting 400 gallons of water to a
height of 10 feet in one minute.

One horsepower is equal to lifting 1500 liters of water to a height
of 3 meters in one minute.

This formula is for theoretical horsepower and does not include
the efficiency (or inefficiency) of the pump or the hydraulic
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friction losses in the pipe or the mechanical friction. For real life,
use about one quarter of these figures for single acting pumps,
and one half of these figures for double acting pumps.

Pumping Capacity

A 2" pump puts out a quart for every 18 inches of stroke
A 2" x 2" square pump puts out a quart in 14" of stroke
A 3" pump puts out a quart for every 8 inches of stroke

A 5 cm. pump puts out a liter for every 50 cm. of stroke
A 5 cm. x 5 cm. pump puts out a liter each 40 em. of stroke
A 8 cm. pump puts out a liter for every 20 cm. of stroke
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Session 8 Joinery
TOTAL TIME: 2 Hours

OBJECTIVES: To investigate some of the methods used to join
materials.

To join different materials in 8 variety of ways and test the joints.

To learn about triangulation as a simple method of improving
support structures.

MATERIALS: Small poles or lumber, pipes, fastening materials
(rope, nails, wire, screws, bolts, rawhide, etc., as available)
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Tools for the above as necessary from the shop.

PROCEDURES:

Step 1: 30 minutes

Discuss the different types of fastening techniques available.
Trainer Note

In a discussion, solicit local knowledge about local methods and
materials for fastening and joining materials. Show samples and
do demonstrations whenever possible using local participants.

Step 2: 30 minutes

Attach some poles or pipes using the various methods. Giving
projects to groups of 2 or 3.

Trainer Note

Poles can be fastened with metal pins made from concrete
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reinforcing rod or other similar metal. Drill the holes, insert the
pin, put washers on the ends, bend the ends of the pin over to
form a tight connection.

Step 3: 30 minutes
Test some of the materials and attachment methods.
Trainer Note

Employ destructive testing and show how it can be done without
instruments by estimating the forces involved.

Step 4: 15 minutes

Make squares and triangles using lashings. Build a hoisting
tripod.

Step 5: 15 Minutes

Test them and discuss triangulation for bracing.
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RESOURCES: Copies of Attachments 8-A, 8-B, and 8-C.

Attachment 8-A
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Figure 2: Tripod, Shear Leg, and Other Pole Lashings

Attachment 8-A

MISCELLANEOUS KNOTTING

Fig. 165: Poles Lashed and Wedged in the manner shown in this
illustration are held securely, with but little liability of their
slipping or working loose. After the lashings have been applied,
small wooden wedges are driven between them and the poles as
shown. This tends to take up any slack in the lashings.

Fig. 166: The Telegraph Hitch is used on long poles and piles
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when it is required to hoist them vertically. To make the hitch
take a piece of line of sufficient length, middle it and make cross
turns around the pole as shown. A short bar is then placed under
the final cross turn and a turn is taken about it, after which the
ends of the rope are secured with a Reef Knot forming a bight for
the hoisting hook.

Fig. 167: The Putlog Lashing is employed when it is required to
lash two square timbers together. The manner in which it is
formed is clearly shown in the illustration.

Fig. 168: The Packing Knot is frequently used to hold large pieces
of timber together. It is also used in stone quarries to secure
large blocks of stone on the cars which haul them. The small
block of wood used in the illustration is intended to represent a
slab of stone. Two or three turns with a heavy line are taken
around both the slab of stone and the dolly or car upon which the
stone rests. A piece of timber or a metal bar is then inserted
under the lashing rope and it is twisted until all of the slack is
taken out of the lashing. The piece of timber used as a lever is
then in turn lashed to the body of the dolly as illustrated.
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Fig. 169: The Double Chain Lashing shows the manner of making
a line fast to a pair of crossed shears. The end is seized to the
standing part of the rope after a sufficient number of turns have
been taken about the shears.

Fig. 170: A Loop Lashing such as that shown serves to illustrate
the manner in which the bight of a hawser is made fast to a pair
of crossed shears. The bight of the hawser is passed over, under,
and around the legs of the shears in the manner shown, after
which the loop of the bight is placed over the top of one of the
legs, leaving the standing part of the hawser as shown.

Fig. 171: The Crossed Lashing is another method used to make a
line fast on the head of a pair of crossed shears. Any nhumber of
turns may be taken as shown, being crossed in back, after which
the end of the lashing is made fast to its standing part with a
seizing.

Fig. 172: The Square Lashing shown in this illustration is used for
much the same purpose as that shown above. It is made in the
same manner except that the turns are parallel and not crossed.
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Fig. 173: The Shear Head Lashing is used to lash the heads of a
pair of shears together. The shears are laid parallel to each other
on the ground; a number of turns are taken around them, after
which several cross turns are taken. The ends are then finished
off with a Reef Knot.

Fig. 174: The Shear Leg Lashing is employed to attach a cross
member to the lower ends of the legs of a pair of crossed shears.
The methods employed are clearly evident in the illustration.

Fig. 175: The Tripod Lashing is an interesting method frequently
employed for holding the three legs of a tripod together. The
three members are first placed in the position shown and a
strong lashing is passed around all of them. Cross turns are then
made between the shear heads, and the ends of this line are
secured with Clove Hitches as shown.

Fig. 176: The Square Cross Shear Lashing is a very simple but
secure method of passing a lashing which is commonly used.

Fig. 177: The Herringbone Cross Shear Lashing is made by taking
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a number of Figure-of-Eight Turns about the two members after
which cross turns are added above and below the cross shear.
These tend to make the lashing more secure.

Reference - Encyclopedia of Knots and Fancy Rope Work
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TOTAL TIME: 1 to 2 Hours

OBJECTIVES: To investigate pump design by reviewing a variety
of pumps

To learn the basic operating principles common to all
displacement pumps

MATERIALS: Blackboard or equivalent

Drawings of pumps or actual pumps and pump components (old
and new if possible)

PROCEDURES:
Step 1: 30 minutes

Begin by discussing the pump design shown in the accompanying
attachments. Discuss the various methods for attaching the pump
to the mill and the necessity of securing the sections of sucker
rod firmly together. Explain the construction and use of swivels
and crossheads.
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Trainer Note

Either examples or models of the things you are talking about are
invaluable here. Have good flipchart-sized drawings of the things
of which you do not have any hardware samples.

Step 2: 15 minutes

Extract from the examples the minimum parts common to the
displacement type pump-inlet valve, outlet valve, something to
displace the water.

Trainer Note

If building a pump is part of the training, then have a finished
example of that pump available for inspection.

Step 3: 15 minutes

Discuss the difference between a pump that works submerged in
water (borehole type) and a pump that works above the water
level and must suck water up to it. Note the approximately 20
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foot (7 meter) limit in height the pump can be located above the
water level for the non-submersible pump.

Trainer Note

If the training is done at high altitudes, the height a lift pump can
draw water decreases. The decrease is at the rate of 1 meter per
1000 meters (3300 ft) of elevation above sea level.

RESOURCES:

Copies of "Rules of Thumb for Wind Waterpumps"
Session 7 (Attachment 7-A)

Copies of Attachment 9-A

Attachment 9-A

Connecting Rod 4
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Figure 1: "Hand Pump" with Single-acting, Bucket-piston
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Figure 2: Persian Wheel with Portgarland Drive Wheel and
Horizontal Drive Shaft
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Figure 3: Square Wooden Piston-type Water Pump
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Figure 4: Double-acting Piston-type Water Pump
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Clonpection to Power Source
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Figure 6: Steel-washer Chain-type Water Pump
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Figure 7: Square Wooden Enclosed Chain-type Water Pump
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Figure 8: Centrifugal Reaction-type Water Pump
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Figure 9: Large-diameter Slow-speed Centrifugal-type Water
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Figure 10: Netherlands "Tjasker" - type Rotor and Water Pump
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Figure 11: Peristaltic-type Water Pump
Attachment 9-A

MISCELLANEOUS PUMPS

1. Reciprocating Pumps

Most reciprocating pumps have the disadvantage that the torque
lead is not constant, thus requiring a higher wind velocity for
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starting, and variable stresses on the system when in operation.

(a) The single-acting cylindrical piston pump is most frequently
used in wind-powered pumping systems. It consists of a cylinder
with an inlet pipe and valve at the base, a leather-sealed piston
with a one-way valve and a water outlet at the top, water
passing through the pump only on the lifting stroked of the
piston. This type of pump is used to pump water from any depth,
with an operating speed of up to 40 strokes per minute.

(b) A square wooden single-acting piston pump is commonly
used by fishermen in eastern Canada (figure 3) and has recently
been adapted to wind power. A square wooden pump powered by
the wind has been powered for use in Thailand. The height of lift
is limited by the amount of water pressure that can be sustained
by the wooden joints, although the simple construction is well
adapted to basic carpentering skills.

(c) The double-acting piston pump (figure 4) is similar to the
single-acting pump, except that there is no valve or passage of
water through the piston, the water by-passing the piston
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cylinder through pipes and valves under pressure during both the
upstroke and the downstroke. The advantage of this pump over
the single-acting pump is that the load of the power source is
more constant, but it is not usually used in wind pumping
systems because any compression load during the downstroke
could buckle the long piston rod leading from the top of the
tower; this problem could be avoided if a very short piston rod
were connected to an immediately adjacent rotary power transfer
mechanism powered by a lo