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buried below the frost linz and that the pump house provides
adequate protection from extreme cold.

The pump house, reservoir tank, and other places where
damage could occur should be secured and locked. The ease
of maintenance is a function of good design. The pump house
should be large enough to permit the rotation of the large pipe
wrenches as well as being able to accomodate one or two
maintenance people.

If the pump is located very near other houses, the pump
house roof should not be corrugated GI sheet as this amplifies
the noise of the pump. A slate or masonry roof will minimize
the sound.

TROUBLE SHOOTING

There are a few things that can cause the ram to stop or
malfunction. The symptom of malfunction usually indicates
the source of the prcblem.

1. Loud, metallic banging noise coming from the pump and/
or intense vibration with each stroke in the delivery pipe

These two symptoms mean that there is no air in the air
chamber and this should be corrected immediately to eliminate
the possibility of damage to pump or pipes. The pump should
be stopped and the air chamber drained of water. To restart
the pump, close the valve on the delivery pipe for the first
10 to 15 strokes and then slowly op=n the valve fully. Make
sure that air valve is not clogged, and open it a little more,
to allow more air to pass. If necessary, check to see that
the air hole is on the opposite side to the delivery pipz, for
if it isn't, then the air may be pumped up with the delivéry
water instead of filling the air chamber. Check that there
are no air leaks in the air chamber due to loose fitting joints.
If an innertube is used, check its condition and make sure
there is air in the tube.
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2. The impulse valve does not work, but remains closed
after repeated openings by hand

. Check to see that there is enough weight on the bolt stem.
Check that the delivery valve is not blocked by dcbhris, and is
functioning properly. Check the impulse valve seating on
the valve plate, it should not leak when held closed and should
move freely without interference from the inside walls of the

pipe nipple.

3. The impulse valve works for a few strokes by itself
and then stops

This usually indicates that there is air in the drive pip=.
Check that the supply of water is sufficient and the drive
pipe's mouth is submerged by at least 30cm. of water. By
holding the valve closed for a few minutes the air bubbles
will rise to the top of the drivepipe. If there is sufficient
water hold the valve open for several seconds - this will also
help drain any trapp=d air. Check that all the pipe joints are
free from leakage.

4. Pump is operating, but there is no water being delivered

Check to see that the delivery gate valve is open, there is
no obstruction in the delivery pipe including air blockage,
and the delivery valve is holding the pressure, so that no
water is leaking out below the air chamber. (This last con-
dition can be tested by filling the delivery pipe with water and
checking to see that the water level does not fall). Check the
valve for wear and proper seating.

5 The Impulse valve stays open

This indicates that there is nd sufficient water in the drive
pipe, or the impulse valve weight is excessivly heavy, or
the delivery valve is not functioning.
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6. Hydram Pumps With Uneven Strokes of Fluttering Sound

This indicates air in the drive pipe, or a leak in the drive
pipe, or insufficient water above the mouth of the drive pip=.

‘Special care should be taken to insure that the village
- maintenance workers take good care of the tools and pump,
fully understand the principals of operating, and know the

possible sources of malfunction and their solution, Special
care should be taken to grip all nuts and bolts with the correct
wrench, which is carefully fitted to the metal surfaces so that
the corners are not rounded off, rendering the nuts and bolts
useless. In any case, bring several spare nuts and bolts

and washers for replacement. Fittings should be water tight
and air tight, but not excessively tight. Some villagers don't
know their own strength, let alone the limits of their tools
and fittings.

BUILDING A HYDRAULIC RAM FROM LOCAL MATERIALS

Most of the information in this section is adapted from
VITA and ITDG publications. It must be emphasized that this
is only a guide ~ how you make the valves described below
will be determined by your ingenuity, the machinist, and his
tools. If the machinist knows how a hydram works and what
it should look like, it will help in adding refinements to the
pump. Dwg # 10 shows the basic fittings of a ""homemade ram"'.

By making a hydraulic ram yourself, you will better under- *
stand the pump and its maintenance well as saving a good deal
of money. Homemade pumps cost less then one-tenth(i/10)
of an equivalent commercial pump. At the date of printing
this booklet the sizes below cost in Nepalese rupees: (US$ 1=
12.45 Nepalese rupees).
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Table # 4

The cost of several hydrams made from locally available
parts (in Nepalese rupees)

| Pump size Labor Materials Total

1.5"(38mm) 50/- 220/- 270/-
2"(51mm) 66/~ 254/~ 320/-
2.5"(63mm) 70/-* 437/- 507/-
4"(102mm) 113/-* 1055/- 1168/~

-The above costs do not include the gate valves on the drive
pipe and on the delivery pipe. The equipment used was:; a
lathe, a grinding wheel, a drill press, welding equipment,
and assorted metal working hand tools.

AN ALTERNATIVE TYPE HYDRAM

Dwg #10.2 shows another hydraulic ram built from locally
available materials, in which the fittings are arranged
differently. This style hydram must use an innertube or
perhaps tennis balls in the air chamber, to prevent the air
from escaping out the delivery pipe. Although extensive
tests have not yet been done, initial trials worked very well.
The impulse valve for this pump can be the same as described
previously, but the delivery valve, because it is horizontal
rather than vertical,. may require some changes. A commer-
cial valve will work f:rovided it is designed to operate horizon-
tally. The valves shown in dwg # 12.1 and 12. 4 will also
work fine. The delivery valve shown in dwg # 12.3 may be
troublesome depending on how much friction is produced by
the bolt moving within the guide, while in the horizontal
position.

* The 2.5" and 4" pump built here used commercially available
vertical delivery valves which made the total cost more expensive
than a pump with a "homemade" delivery valve, but not by any
means better or more efficient.
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THE IMPULSE VALVE

There are several different types of valves, suitable for
hydrams, that are not discussed here as they are more com-
plex to make or more difficult for village maintenance. The
weighted-bolt-impulse valve described here is simple and
durable, easy to maintain, and its mechanical principals are
the easiest for villagers to understand. The basic principal
of this impulse valve is: the more weight on the bolt stem, the
more water it takes to close the valve, the slower the strokes
per minute the more water is purhped. Less weight means:
less water is required, quicker strokespeed, and less water
pumpad. Longer stroke length has the same effect as more
weight, and shorter stroke length the same as less weight.

Two alternative impulse valves are described here as shown
in dwg 11.1 and 11.3. Type A allows the water to pass with
less friction, but results in more valve wear when the rubber
washer closes. Type R will have a longer washer life due to
more equally distributed pressure, and the valve guide is
easier to make.

Experience has shown that the most durable locally available
material for the washer is a piece of rubber cut from old tires.
Tractor tires are especially thick, and most shoe makers and
. leather workers have the material and will cut and shape the
piece for a very small fee.

It has been suggested that it is not necessary to use a rubber
washer as the steel washer is cushioned by the flow of water,
which prevents excessive wear. If you can get the steel washer
and valve seat machined accurately enough to prevent leakage
upon closure, this technique is very good.

Make sure that you make several weights that in combination
or alone will allow you to vary the pressure necessary to
close the valve under different quantities of water from the
source.
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It is necessary that the steel plate welded to the nipple is
sufficiently strong to withstand the savage pounding the ram
experiences. All welds should be checked for their strength
and durability. Although it costs slightly more, gas welding

using brass rods is best for finer work.

The following materials are required in order to make the
impulse valve: & hex nipple or straight nipple, a mild steel
plate (3-4mm thick) a threaded bolt with two nuts to fit, a
steel washer and thick rubber washer of the same diameter,
some scrap metal (2-5mm thick) to form the guide post and
weights, and possibly a hex nut to fit the nipple.

Take the nipple and grind the inside surface smooth if it
is rough. The hex nipples have very thick walis and by
machining 1 or 2 millimeters off the inside walls, on a lathe,
the inside diameter is enlarged. Cut the mild steel plate to
a square to fit over the nipple, and drill the hole or holes as
specified in the chart. If a type B valve is being made,
scratch the outside diameter (C) circle on a lathe (after
center punching the plate) so you know that the small holes
must fit within this circle. Drill the center hole and then
the other holes,making sure that the holes do not intersect
so that the plate remains structurally strong. If the valve is
type A, cut the hole on a lathe and round off the inside edge
of the hole so that the point of contact with the rubber washer
is smooth. On both type valves the plate should be ground
smooth on the side that contacts the rubber washer. Weld
the plate to the hex nipple (or hexnut if a straight nipple is
to be used) being certain that the holes are dead center with
relation to the nipple. This weld must be very strong and
absolutely water tight. Make sure that the bolt guide hole is
dead center with the plate hole. For Type A valve use a piece
of HDP pip= that fits onto the bolt with no more than a space
of a few millimeters. This wil] prevent the bolt's threads
from becoming damaged by constant abrasion on the bolt
guide. A brass bushing is also fine. This plastic or brass




sleeve should fit within a short metal tube or guide designed
to accomodate the bolt with a few millimeters play.

Table # 5 Dimensions for Different Sizes
of Impulse Valves
Type "1.5+38] 2'"*51 | 2.5"63 | 3"76 [4"102

A Bl|lA B|A B|A BIA B

a. Nipple inside
[V, 37 37142 42|55 55 |78 178|106 106
b. Rubber washer
outside @ | 30 37{35 36 |42 49 |61 67| 85 38
c. Outside ¢4 of
plate hole or

holes } 22 30125 30 {35 42 |48 60| 66 80
d. Boltholeg ' - 9| - 12 |- 12 |- 12| - 20
e. Small holes !

v, . - 41 - 4 1= 5 -&— 9| - 9
f. # of small | j
. holes - 28} - 281~ 24| - 20| - 44
g. Mild steel ‘

plate min. _

thickness 3 313 315 5 6 6] 8 8
h. Bolt length 150 150|150 150 {165 165|175 1751190 1903

* Hex nipples found in this size in Kathmandu. Note bolt dia-
meter should be a few mm, smaller than dimension d.

Make sure that surface of the rubber washer is as smooth
as possible - especially the side that contacts the valve seat.
It will probably be necessary to trim the washer's edges to

match the steel washer (which is welded to the bolt) on a
grinding wheel. The rubber washer can be the same size or
slightly larger than the steel washer. The rubber washer
should be epoxied on to the metal washer after a small hole
is cut in the washer center to accomodate the bolt with a few
milliteters play.
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An alternative to epoxy (the locally available brand of
epoxy is call Araldite) is to put a small washer on top of the
rubber, which is held in place by a cotter-pin which fits
through a small hole in the bolt. This alternative is only
suitable for the type A impulse valve. On type B impulse
valve nothing can come between the rubber and, the steel plate
with holes or else there will be leakage. After securing the
washer to the bolt, make sure it seats well and will not leak
when it is closed. It is worthwhile to try making different

oion waachan_haltd aarmhinatianag savhinh ~ha 4+ha Ao imatima

DLLG V‘VlelU.l. =MULL \JULLlUJ.l..ld.b.I.UllD V'V'll.l.bll L,uause l-ll'c lud-Al.ll.lulu
and minimum amount of water that the pump will consume.
Care should be taken in welding the steel washer to bolt.

It should well centered and perpendicular. If necessary,
after welding, grind smooth the steel washer's surface where
the rubber washer sits.

It may be necessary to cut more threads on the bolt stem
to allow for maximum adjustment. When the bolt-washer
assembly is fully closed against the valve seat, the threads
must extend down to the bolt guide hole. The bolt must be
long enough to accomodate at least 2 auts, some weights, and
still have enough free play to move at least 15mm.

THE DELIVERY VALVE

A delivery valve is commercially available in some
Kathmandu hardware stores. A dependable valve that can be
made quite easily is described below (see dwg # 12.1)., Using
a nipple the same diameter as the impulse valve, weld or
braze a cut and drilled steel plate as indicated in dwg # 12,2
If the plate is welded slightly recessed inside the nipple, make
sure the surface is clean after the welding or brazing is
completed If the plate is welded on the top edge of the nipple,
you might have to file the lead threads of the pipe nipple if
they have been damaged during the welding or brazing. If
the rubber washer does not sit flat on the plate or if the nipple's
threads are damaged, have the machinist regrind the plate
to ensure smoothness and/or recut the threads on a lathe.
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On top of the delivery valve plate attach a rubber washer with
a brass nut and bolt and a small metal washer bent to acco-
modate the rubber washer's movement (see dwg # 12.1 and
12.4). The rubber must be flexible enough io allow water to
pass, and firm enough to hold the water pressure from the
air chamber and delivery pipe head. Below the valve it is
necessary to make an air valve which will ensure that during
the normal course of operation, the air in the air chamber is
not depleted by the moving water. Lack of the air cushion in
the air chamber results in violent pounding which can even ~
tually damage the pump or pipes. Although other sources
recommend a copper wire, I do not think it will last as long
as a small screw and nut combination that fits a hole of a
slightly larger diameter (see dwgs # 12.1, 12,3, 12.4). If
the nipple is a hex nipple drill the hole through one of the flat
sides but be sure when turning the nipple with a wrench, not
to grab the side with the screw or wire. An alternative to the
air valve is to put a partially filled rubber innertube inside
the air chamher (see dwg # 13). For small pumps a partially
filled bicycle inner tube will work well. Large pumps would
require filling a tube with more air. A hand pump and tire
patch kit are necessary accessories, and a spare innertube
is recommended. Dwg # 12.5 illustrates another delivery
valve (a swing check valve) which can be used on either model
hydram - whether horizontal or vertical. If installed hori-
zontally, try to have the hinged portion of the valve be located
in the up position. This valve requires slightly more care

in construction, but it has the advantage of having the least
amount of friction compared to the other valves discussed
here. The valve plate should be made from mild steel or
brass. The rubber washer should be cut from an old tire and
then trimmed round and flat. The steel washer that is bolted
to the rubber washer (use a small brass nut and bolt set) can
be mild steel. This steel washer which is a few millimeters
larger in diameter than the large hole in the valve plate will
prevent the rubber from collapsing through the hole under
high pressure. The small hole in the valve plate is threaded,
and with the use of a brass nut, bolt, and washer set
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this will act as the pivot on which the rubber will naturally
flex during each opening and closing of the valve. Care must

be taken so the welding dozs not interfere with the seating of
the rubber washer.

Although pipe nipples come in various sizes, within each
size the inside diameter will vary by a few millimeters. As
a guide the dimensions according to the dwg # 12.5 are given
below for a 2" (51mm) @ hex nipple. Based on this information
you should be able to design and build your own valve of any
size with only minor modifications.:

Dimensions for a delivery swing check valve to fit a 2" @& nipple.
(Table # 6)

a. nipple inside @ and valve plate

outside ¢ 42mm 53/32"
b. valve plate large hole @ 24mm  15/16"
c. rubber washer outside @ 35mm  45/32"
d. steel washer outside @ 26mm  33/32"
e. valve plate small threaded

hole @ 4mm 5/32"
f. maximum distance from valve

plate edge to large holes edge 12mm 15/32"
g. minimum distance from valve

plate edge to large hole's edge 6mm "
h. distance from small threaded

hole's center to edge on valve

plate 6mm 3"

MAKING THE AIR CHAMBER

There is no maximum limit to the size of the air chamber.
One source suggests an air chamber volume equal to 109
times the delivered output in one stroke cycle. A one meter
length of pipe of equal diameter to the impulse and delivery
valves sealed with a cap will work well. An equivelent
volume of a larger diameter and shorter length of pipe fitted
with the appropriate reducers is also suitable. Jus below the
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air chamber and above the delivery valve is a tee which is
reduced in the middle to fit the delivery pipe.

MOUNTING THE RAM

The drive pipe and delivery pipe should each be connected

‘to the ram via union joints and gate valves, which greatly

facilitates maintenance. Depending on the individual installation
one might want to weld on to the ram a set of mounting legs to
insure pump stability from the constant vibration. If possible,
holes should be drilled in the bottom of the mounting legs to

fit bolts that should be securely sunk in the concrete floor

with the threaded ends exposed. ILock nuts will fasten the

- pump to the base. An alternative to this is to use strong gal-

vanized stay wire securing the pump to a fixed object based
on your subjective judgement during installation, but a solid
concrete base with mounting bolts is much stronger and

preferable.
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Unit Sq ft. Sq. meter (Ropani) (Bigha) Acre Hectare
(1 Ropani) 5,476  508.72 - 0.75 .126  .0509
(1 Bigha) 72,900 6,772.66 13,13 - 1.676  .6773
1 Acre 43,560 4,046, 87 8 T .6 - . 4047
1 Hectare 107,637 10, 000.00 19,73 1.483  2.471 -
Volume and Cubic Measure -
1 i3 = 16.387cm® = 0.016 liters e
1em3 = 0.0611n3 = 0,001 " (1 milliliter) T
1liter = 1000 cm3 = 0.264 gallons (US) = 0. 22 imp. gal.
1£7 = 0.0283 m3 | |
(lpathi)= (8mannas) = 0.0043 m3 = 0.15 ft3 = (0.05 muri)
1in3 = 35.34ft3 = (232.6 pathi) = 1000 liters
1 gallon (US) = 3,785 liters = 0.833 imp. gal. = 0,134 ft3 = (7.04 mannas) = 4 quarts
(1 muri) = (20 pathis) = (160 mannas) = 86 liters = 22.7 gallons (US)
1 MB%. gal. =1,2USgal =4.546 .
lmy = 353 ft3
1yd® = 0.765 m3 = 27 3
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~ Pressure
1kg/em? =  14.11bs/in = 82.5ftof head = 10m of head
1 1b/in2 =  0.07l1kg/cm2? = 2.31ftofhead = 0.7 mofhead = 0.068 atm.
1ftofhead =  0.433 Ib/In? (water weighs 62,4 Ibs/ft2 x 1 £t2/144 in?) = 0.443 1bs/in®
6 kg/cm” = 60 m head pressure limit = 197 ft. of head limit
10 wm\cBw = 100 m head pressure limit = 328 ft. of head limit
Flow Rate
1'liter/min =  0.26 gal/min = 0.0167 liters/sec. = 1 cm depth over 6m? in 1 hr.

1gal/min = 3,785 liters/min= 0.063 liters/sec. = 0,00223 ft3/min,
| = 1" depth over 96.3 £t2 in one hour = 60 gal/hr, =
o 1440 gal/day = 525,600 gal/year
H#w\mmo..npmmmﬁ\BEnmq.pmm,mm_\roﬁnuwmaumwuow\ro:u

1£t3/min, =  0.472 liters/sec. = 28.32 liters/min = 7.48 gal/min.
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