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SUMMARY 

The object ive of this project was to develop a nonproprietary, 

individual house, user act ivated water meter which is inexpensive, low 

in operating and maintenance cost, and can be produced in most LDC's. 

The act ivat ing mechanism of the meter is a small cyl inder or cartridge 

f i l led wi th compressed a i r . The cartridges are l ight in weight and the 

technology and equipment for manufacturing and recharging them is ava i lab le . 

Marketing of these cartridges in LDC's is not considered a problem. The 

consumer w i l l be able to purchase the cartridges at any approved outlet or 

store. 

Act ivat ing the meter is done by inserting the cartridge into the 

breech of the meter. As the compressed gas is released, i t pushes a 

piston which opens a va lve , a l lowing the water to f low through the meter. 

The cartridge is used on a one-shot basis and can be returned to the central 

fac i l i t y for recharging. In ef fect , the water paid for is now in storage 

to be used at the consumer's discret ion. The meter can be set to deliver 

a predetermined amount of water per ac t i va t ion . 

With a user act ivated water meter, the consumer, in essence, buys the 

water prior to using i t . Bi l l ing costs, col lect ion of payments, poor debts, 

e t c . , are therefore e l iminated, and the u t i l i t y company receives payment 

for operating and maintenance. 
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The user act ivated merer allows the consumer to buy water in 

small lots ( lm^ to 4mJ) that he can af ford, and. has the cosh on hand 

to pay for water del ivered to his/her-household. Thus, the consumer's 

burden of paying what may be a large sum on' an infrequent b i l l ing 

interval is avoided. 

The user act ivated water meter- is a. key element in a new marketing 

approach to provide ut i l i t ies wi th the necessary revenues. Guaranteeing 

payment for water del ivered wi th minimum of .co l lect ion costs w i l l encourage 

ut i l i t ies to expand service to consumers in poor sections of the community 

that are deprived of safe clean water . At the present t ime, many 

ut i l i t ies refuse to expand service to such sections because of the di f f icul t ies 

encountered iri payment col lect ion for water de l ivery . 

The purpose and goals of this project have been successfully met. A 

working model of the meter has been constructed and subjected to l imited 

test ing. The results of this project demonstrate that a user activated water 

meter is feasible. Further development, however, including laboratory and 

f ie ld test ing, is necessary before i t can be nanufactured and ut i l i zed in 

I D G ' s . ' ; - : 

The interest of: the international community in this meter is 

appreciated. Many representatives of different organizations have foreseen 

broad applications of the proposed water metering and marketing approach 

for LDC's, as wel l as developed countries. 
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INTRODUCTION 

Water ut i l i t ies in the developing world are unique in the sense that 

they normally face high operating and maintenance costs, coupled with 

inadequate tari f f rates and unreliable col lect ion of revenues. Because 

of the di f f icul t ies and uncertainties encountered in receiving payments for 

water de l ivered, many water ut i l i t ies are reluctant to expand services to 

the poor communities or districts where revenue col lect ion is most d i f f i cu l t . 

Thus, consumers residing in poor districts often do not have access to high 

qual i ty water at reasonable rates. If a water u t i l i t y company can be 

provided wi th an inexpensive, eff ic ient col lect ion system for al l of its 

customers, such a company may look favorably upon expanding its service. 

The approach to the solution of unreliable col lect ion is a new marketing 

system wherein the consumer pays for the water prior to using i t . Such 

a system w i l l el iminate b i l l i ng and col lect ion costs, and uncol lect ib le 

accounts. The key item in this approach is a user act ivated water meter. 

Most water meters in use today are cast metal (brass or bronze) 

which are heavy, expensive, compl ica ted, easily c logged, and not readily 

adaptable to production in LDC's because of proprietary pa*erts. Recently, 

some water meters have been constructed out of various plastic materials. 

These meters are re lat ive ly inexpensive, costing from $20 to $40, and 

fair ly accurate, i . e . , + 1 % . Although such meters are mechanical ly good, 

they pose a number of serious problems, such os .'.logging, frequent maintenance, 
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meter reading, e tc . In order to co l lect payment, an employee of the 

water authority agency must read the meter and submit the data to a b i l l i ng 

o f f i ce . The b i l l i ng of f ice prepares a statement of charges which is then 

given to the user. This procedure requires considerable labor and expense 

and , in many cases, does not ensure col lect ion of payment. In many 

LDG's the user simply does not have the money to pay a monthly or semi

monthly water b i l l , although he can pay on a day to day basis. It is 

also not uncommon to hear about corrupt water meter readers who, by 

various methods, render the water agency unable to col lect fees for water 

used. In summary, existing water meters are labor intensive, expensive, 

and a high maintenance i t em. 

On the other hand, a user act ivated meter does not depend upon 

\ meter reading and b i l l i ng in order to col lect payment for water used. A 

user act ivated meter is defined as a unit which is act ivated by an external 

( device which can be purchased by the user at approved out lets, such as 

I general stores, cantinas, local grocery stores, churches, government 

bui ld ings, e tc . Once the user has act ivated the meter, he is ent i t led to 

a predetermined volume of water avai lable at a time of his cho ice. For 

instance, if the meter is set to dispense 3m of water, the consumer buys 

the act ivat ing dev ice , inserts i t into the meter and can draw up to 3m^ 

of water through the meter in any volume amounts, or time intervals, by 



opening and closing the faucet at w i l l . When a total of 3m J has been 

used, the meter w i l l cut off the supply and the consumer w i l l have to 

insert another act ivat ing device to obtain addit ional water. A visual 

warning system w i l l be incorporated into future design to alert the 

consumer when the meter cutoff point is approaching. The whole key 

to the user act ivated approach is al lowing the LDC consumer to buy water 

in small lots which he can afford and has the cash in hand to pay for 

water del ivered into his/her household. In essence, the user, by 

purchasing the act ivator , has prepaid for the water that he w i l l use. 

In this system, payment is received prior to water use, whi le wi th 

ordinary b i l l i ng systems, charges are assessed for water used after the 

water is consumed. In addit ion to the el iminat ion of meter reading, 

b i l l i n g , and col lect ion of payment, the user act ivated meter w i l l also 

help reduce revenue losses because of corrupt water meter readers. On ly 

on occasions when infrequent maintenance is required w i l l the user come 

in contact wi th an employee of the water supply agency. 

The object ive of the research and development project was to 

develop a user act ivated water meter that is simple to operate, rugged, 

re l iab le , low in operation and maintenance, and suited for LDC local 

manufacture, including spare parts. 
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This object ive has been largely achieved inasmuch as a prototype 

meter has been constructed and subjected to l imited test ing. Although 

the feasibi l i ty of producing such a meter has been demonstrated, i t is 

recognized that further development, including laboratory and f ie ld test ing, 

is necessary prior to usage in LDC's. 

A number of representatives from various international agencies 

have expressed a keen interest in the meter and its wide app l ica t ion . 

U . S . A . I . D . encourages the international community to become involved 

in the further development of the meter. 
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DESCRIPTION OF THE ROBOMETER 

A user act ivated meter has an obvious appeal for the water u t i l i t y 

company and the individual consumer. The company receives its operation 

and maintenance costs with a minimum of b i l l i ng and col lect ion expenses. 

The consumer obtains, at a reasonable rate, rel iable safe water, and 

paying for i t is wi th in his means. The act ivat ing agent must be unique 

in order to prevent fraud by easy dupl ica t ion, tampering wi th the meter, e t c . 

Various external act ivat ing devices were investigated before selecting one 

which cannot be easily dupl icated. The act ivat ing device of the 

Robometer is a small cyl inder of compressed gas, typ ica l ly ten m i l l i l i t e rs , 

which has a pressure of approximately 860 psi at ambient temperature. 

The pressurized cylinder or cartr idge, shown in Figure A - l (Appendix A ) , 

can be easily manufactured by the water authori ty or industry wi th in the 

country and avai lable for purchase in stores throughout the reg ion. 

The technology and equipment for manufacturing these cartridges is 

ava i lab le . Such cartridges are manufactured and sold in a number of 

countries for making soda water. The cartridges are used on a one-shot 

basis. They are smal l , l ight in weight , and transportation and marketing 

are not considered major problems. The sell ing price w i l l be determined 

by the agency in charge of water supply and, as an incent ive, the 
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establishments (grocery store, general stores, small v i l lage supply stores, 

e tc . ) where such cartridges are offered for sale w i l l be guaranteed a small 

p ro f i t . After using the cartr idge, the consumer may dispose of i t or 

return i t to the store for recharging. The feasibi l i ty of u t i l i z ing reusable 

cartridges depends on numerous factors which vary from country to country. 

The present wholesale cost of a cartridge f i l l ed wi th scrubbed CO2 

is approximately $0 .10 . The cost of such cartridges for use as act ivat ing 

agents for the meter w i l l be appreciably less because compressed air w i l l be 

used instead of C O 2 . Information on the costs associated with setting up 

a cartridge charging fac i l i t y is d i f f i cu l t to ob ta in . Manufacturers who 

produce such cartridges were reluctant to discuss details of their operat ion. 

The low wholesale cost of the cartridge and the l imited market suggest 

that the cost of the equipment is moderate. 

The details of the meter are shown in Figures 1-12. The prototype, 

shown in Figures 1 and 2 , was constructed and fabricated in a bui lding 

block fashion, the "blocks" being posit ively located by hardened steel 

dowels, and held f i rmly in place by various sizes of hollow head cap 

screws and f lat head machine screws. It is recognized that this method of 

manufacture could prove to be very cost ly , and only a few w i l l be 

produced in this fashion for testing and monitoring purposes. The ult imate 
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Figure 1: Rotameter 



OJ 

Figure 2: Robometer Showing Metering Gears and Breech Loaded with Cartridge 



goal is to make the meters from thermoplastic materials, and inject ion 

mould the parts wherever possible. 

To act ivate the meter, the consumer inserts the compressed gas 

cyclinder or cartridge into the breech of the meter shown in Figure 3 . 

As the gas from the cylinder expands, i t exerts pressure on the piston 

(Figure 4 ) . The forward motion of the piston and shaft opens the valve 

as shown in Figure 5„ With the valve now open, water can reach the 

user's faucet . The sole function of the pressurized cartridge is to push 

the piston in order to open the va lve . A cartridge pressure of no less 

than 600 psi w i l l act ivate the piston. Thus, b icyc le pumps or commonly 

used compressors cannot be used in l ieu of the car t r idge. 

In ef fect , by inserting the cartr idge, the water paid for is now in 

storage, to be used at the consumer's discret ion. When the faucet is 

open, water flows through the meter. Any movement of water through 

the meter sets the mechanism in ac t i on . 

The mechanism is a water propelled dr iv ing assembly, which through 

a gear train (transmission box and metering gears) shown in Figures 6 - 8 , 

rotates a dual purpose cam. The cam shown in Figure 9, holds open the 

valve and returns the piston to its starting posi t ion. When the cam 

completes one revolut ion, the valve w i l l close and the mechanism comes 
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Figure 4 : Piston Assembly Rings and Rod 
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Figure 5: Valve Mechanism Showing Piston in Forward Position, Valve Stem 

Depressed 
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Figure 6: Driving Assembly (Rotary Piston) 
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Figure 7: Transmission Box Showing Cluster Gears and Drive 



Figure 8: Metering Gears Showing Assemblies for Three Particular Volumes 
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Figure 9: Dual Purpose Cam 



to rest, restricting further f low of water. This sequence is shown in 

Figures 10-12. It is now necessary to reactivate the meter wi th a fresh 

cylinder to obtain further water supply at the faucet . 

The amount of water supplied per act ivat ing cylinder w i l l be 

predetermined by the water u t i l i t y and control led by a simple gear train 

(Figure 8) preset at insta l la t ion. Actual volumes w i l l be determined 

based upon socio-economic conditions and technical considerations. 

Detail drawings of the meter are given in Appendix A . 
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Figure 10: Valve Mechanism Showing Valve Stem Held Open by Vert ical 
Act ing Portion of Cam 
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Figure 11: Valve Mechanism Showing Horizontal Act ing Portion of Cam 
Returning Piston Toward its Starting Position 
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Figure 12: Valve Mechanism Showing Cycle Completed and Valve Stem Having 

Returned to Closed Position 



EXPERIMENTAL WORK 

Driving Mechanism and Power Train 

The heart of the Robometer is the dr iv ing mechanism (Figure 6 ) , 

i . e . , the unit that converts part of the energy of the f lowing water through 

the meter into the torque required to operate a gear t r a i n . I n i t i a l l y , an 

eff ic ient dr iving mechanism which operates under a wide pressure range of 

1 to 40 psi was sought. Review of the l i terature of water meter 

manufacturers indicated that the dr iv ing mechanism of most meters are 

either an osci l lat ing disk, rotary vane, or rotary piston. 

The osci l lat ing disk in a common disk meter, oscillates in a 

passageway so that a known volume of f lu id moves through the meter for 

each osc i l la t ion. A stem normal to the osci l la t ing disk operates a gear 

train which in turn activates a counter. 

In meters equipped wi th a rotary vane, the vane is driven by the 

water and i t revolves in direct proportion to the quantity of water passing 

through the meter. The revolutions of the vane are transferred by 

appropriate reduction gears to a counter, 

A volumetric unit operating on the rotary piston principle ut i l izes 

a piston which the water oscillates in a working chamber. Each piston 

cycle is equivalent to a known volume of water . The piston movement 
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is transferred by appropriate reducing gears to a counter. 

Experiments using representatives of each of the above dr iv ing 

mechanisms were conducted to determine the torque output of each of the 

above under various f low rates and pressures. It was concluded that the 

rotary piston dr iv ing mechanism was the most ef f ic ient unit providing the 

highest torque under low pressure and low flow condit ions, which are 

common in most LDC's. 

Various configurations of power train drives were invest igated. 

The direct rotary motion of the rotary piston had to be stepped down to 

maintain suff icient torque to operate the cam which controls the movement 

of the piston and rod . Different combinations of plastic worm and 

/vormwheel, as wel l as other power trains were tested. O f a l l 

combinations evaluated, the preferred power train is the one shown in 

Figure 7 , comprised of a train of plastic cluster gears. 

Piston end Cylinder 

The first piston and cyl inder assembly was constructed from meta l . 

A number of tests on the forces developed on the piston rod when the 

cartridge is ac t i va ted , i . e . , gas is released from the cartridge to the piston, 

suggested that a smaller piston assembly constructed from PVC should function 

w e l l . Therefore, a PVC piston and cyl inder assembly was constructed and 
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tested. To provide a seal between the piston and the cy l inder , two 

rubber " O " rings were used. The PVC piston and cylinder assembly was 

subjected to 5,000 cycles of piston movement. The cylinder was 

stationary whi le the piston movement of 5 cycles per minute was provided 

by a mechanical arm l inked to an electr ic motor via a series of pul leys. 

After 5,000 cycles only small wear of the " O " rings was noted. This 

wear did not affect the seal between the piston and the cylinder w a l l . 

It is interesting to note that i f a meter was to be activated twice a week, 

5,000 cycles is equivalent to 48 years of operat ion. 

Further experimental work on the piston and cylinder assembly led 

to the replacement of the " O " rings with two PVC rings which provides an 

excellent seal . 

Air Relief Valve 

Because it is not uncommon to have air in the distribution lines in 

many LDC's, an air rel ief valve was incorporated in the meter. The 

purpose of such a valve is to al low the air to escape before i t reaches the 

driving mechanism, ensuring that the volume of water purchased w i l l not be 

influenced by the air f lowing through and rotat ing the driving mechanism of 

the meter. 
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The objectives in designing the air re l ief valve were to have a 

minimum of moving parts, and the ab i l i t y to operate over a wide range of 

f low rates and pressures. The valve selected operates on the pr inciple of 

buoyancy. As long as air is f lowing through the incoming l i ne , i t w i l l 

enter the valve and escape through the air vent; thus, the air f low w i l l 

not act ivate the dr iv ing mechanism. As soon as the water arrives, the 

valve floats into place and seals the air vent, forcing the water to go 

through the dr iv ing mechanism of the meter. 

Meter ing Gears 

The metering gears shown in Figure 8 are calibrated to dispense 1 , 

2 , 3 , and 4m^. The above gears are interchangeable, thus giv ing the 

water authorities some f lex ib i l i t y to decide which gear arrangement is 

preferred, or to change the gears after the meters have been insta l led. A 

number of cal ibrat ion tests were conducted at different pressures. The 

results, summarized in Table 1 , show the accuracy of the meter under 

different operating condit ions. The difference in volume dispensed in 

relat ion to l ine pressure can be attr ibuted to the drop in ef f ic iency of the 

dr iv ing mechanism at low pressures. The internal components of the meter 

have not been opt imized, thus leading to large head losses. Significant 

improvements in meter accuracy can be expected after opt imizat ion. 
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Cam Development 

Development of the dual purpose cam was probably the greatest 

obstacle in the development of the meter. With certain physical restrictions 

(size and or ientat ion), i t was d i f f icu l t to get an acceptable geometric pattern 

between the cam and piston rod . The ideal situation is when a tangent at 

the point of contact is close to (90°) to the piston rod . 

It was discovered that any eccentric loading on the piston rod created 

a great deal of back pressure and when transmitted back into the dr iv ing 

mechanism, would cause jamming and sometimes shearing of the plastic gear 

teeth. 

Experiments wi th bench models of di f ferent cam configurations led to 

the selection of the type of cam to develop and what functions i t should 

perform. 

The requirements of the cam are: 

1 . To hold in position the valve stem already 
depressed by the piston r o d . 

2 . To return the piston and rod to the starting 
posi t ion. 

3 . At the completion of the c y c l e , to release 
the valve stem and thus al low the water 
supply to be cut of f . 

The first cam to be incorporated in a prototype meter under this project 

presented some problems. As i t was attempted to return the piston and rod 
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to the starting position with the cam lobe in contact for only 120° of 

rotation, and the above mentioned physical restrictions, difficulties were 

encountered with interfacing of components. 

Expanding the scope of the cam and keeping contact with the piston 

rod for approximately 300° , therefore spreading the work to be done over 

a much longer period, improved the component interfacing action considerably. 

All that remained then was the timing between the horizontal acting portion 

of the cam (which returns the piston and the rod) and the vertical acting 

portion which holds open and allows the closing of the gate valve. 

Having satisfied the conditions required, the cam was then 

incorporated in a prototype meter and has proved to be successful. 
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ECONOMICS OF USER ACTIVATED WATER METER 
FOR UTILITIES A N D CONSUMER 

The water meter/box assembly would be manufactured In-country for 

about $12 .00 /un i t . Installation wi th LDC labor, including logist ics, 

would cost about $3.00 per un i t . The u t i l i t y would thus have a one 

time installed cost of $15.00 per unit for the meter. No meter reading 

or b i l l i ng costs would subsequently develop. Infrequent routine maintenance 

(estimated once every 4 or 5 years), which provides an outside inspection 

of the unit would be required. 

The u t i l i t y would price the cost of the cartridges in the fo l lowing 

manner: 

(a) The product ion, operation and maintenance cost per 
cubic meter would be established by the u t i l i t y , i . e . , 
say $0.10 per cubic meter. 

(b) Based on a consumer demand market survey, the u t i l i t y 
would decide what volume of water they would require 
their meters to dispense. This would coincide wi th 
the ab i l i t y of the people to afford such a volume 
wi th in a certain time per iod, i . e . , should the survey 
show that they use and can afford 2m every 3 days, 
the meter would be set to dispense 2m^ of water . 

(c) Based on the cost per cubic meter established by the 
u t i l i t y in (a) and the cubic meters to be dispensed per 
ac t i va t ion , the cost per cartridge to the u t i l i t y would 
be the number of cubic meters dispensed times the unit 
cost of the water, i . e „ , for our example 2n"r x $0.10/m3 
or $0.20/2m^ cartridge plus the cost of the manufacture 
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and f i l l i ng of the 10 m l -860 psi cartridge ( c l . 5 to 
c 2 . 0 per cartr idge). A pass-through charge of 
2-3 cents per cartridge would be provided to 
commercial stores for handling and having readi ly 
avai lable such cartridges for the consumers to buy. 
The total cost to the consumer would be as fol lows: 

for 1 cubic meter volume cartridge -

$.10 + .03 = $0.15/m3 

for 2 cubic meter volume cartridges -
$.20 .+ .02 + .03 = $0 .25 /2 m3 or $0.125/m3 

for 3 cubic meter volume cartridges -
$.30 + . 0 2 + .03 = $0 .35 /3 m 3 or $0 .112 / m 3 

for 4 cubic meter volume cartridges -
$ .40 r .02 + .03 = $0 .45 /4 m3 or $0.112/m3 

for 5 cubic meter volume cartridges -
$.50 + .02 + .03 = $0 .55 /5 m3 or $ .110 /m 3 

for 10 cubic meter volume cartridges -
$1.00 • .02 + .03 = $1 .05 /10 m3 or $0.105/m3 

A summary of the cosh to consumers using the Robometer system is 

given in Figure 13. If should be noted that the cost of marketing (on a 

uni t cost basis) is nominal for volumes greater than lm3 . Essentially, i t 

results in a $0.01-$0.02/m3 increase in unit costs to the consumer. 
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CONCLUSIONS A N D RECOMMENDATIONS 

The goal of this project has been achieved by developing a new 

user act ivated water meter, made almost entirely of thermoplastic materials. 

The meter is a non-proprietary item directed toward local production in 

I D C ' s . The act ivat ing device of this meter is a small compressed air 

car t r idge. Although the technology and equipment for manufacturing 

and recharging the cartridges is ava i lab le , costs for setting up a plant 

are d i f f i cu l t to ob ta in . 

Act iva t ion of the meter is achieved by inserting the "one-shot" 

cartridge into the meter. The meter can be set by the water u t i l i t y 

3 3 

company to dispense from lm to 4m of water using interchangeable 

gears. The consumer, by purchasing and using the act ivator , has prepaid 

for the water and can use i t at the t ime of his cho ice. 

The meter is viewed as a key component in a new marketing and 

water metering system in which the water u t i l i t y company is assured of 

receiv ing revenues subject to minimal col lect ion costs. Guaranteed 

revenues should inf luence favorably the planning of u t i l i t y companies wi th 

regard to expansion of water services to poor sections or communities. 

The main subsystems of the meter are: the air rel ief va lve , the 

dr iv ing mechanism, piston and cy l inder , metering gears, valve assembly 
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and dual purpose cam. While some of these subsystems were developed 

and perfected experimentally v ia a tr ial and error procedure, others were 

avai lable commercially and required only slight modi f ica t ion. 

The prototype meter has been subjected to only a l imited amount of 

laboratory tests and further laboratory and development work are necessary. 

In particular i t is recommended that: 

1 . A fo l low-up project incorporating further laboratory 
development and testing be undertaken. The specific 
object ive of such a project would be: 

(a) Development of a meter box and locking devices 
for the meter 

(b) Determining the wear and behavior characteristics 
of each of the subsystems of the meter u t i l i z ing 
water of varying qual i t ies. 

(c) Modi f icat ion and adaptat ion, i f necessary, of the 
present prototype design based on the information 
obtained from (a) and (b) , 

2 . Evaluate the feasibi l i ty of producing the meter in selected 
LDC's based on present ava i lab i l i t y of equipment and 
technology. This phase should proceed simultaneously 
wi th recommendation (1) to ensure that the meter 
developed is compatible wi th the technology and 
resources avai lable in the selected LDC's. 

3 . Evaluate the costs associated wi th setting up a cartridge 
recharging fac i l i t y in selected LDC's. 

4 . Subject the meter to an extensive f ie ld testing program 
in order to: 

(a) Evaluate the behavior of the meter under LDC 
consumer use. 
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Evaluate the acceptabi l i ty of the meter by LDC 
consumers of di f ferent cultures. 

Work wi th interested national governments and 
local plastic manufacturers to stimulate local 
production of meters and cartridges. 

Modi fy and adapt, i f necessary, the design based 
upon the information obtained from (a), (b), and 

• ( c ) . 
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TABLE I 

ROBOMETER CALIBRATION TESTS 

PRESSURE, 

PSI 

5 

10 

20 

40 

1 m3 

1.12 

.99 

.99 

.95 

GEAR ASSEMBLIES 

2 m3 

2.25 

1.99 

1.99 

1.89 

3 rr.3 

3.35 

2.98 

2.99 

2.94 

4 m3 

4.46 

3.98 

3.98 

3.90 

Each data point (given in m3) represents an average of three tests. 
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APPENDIX A 

WORKING DRAWINGS OF ROBOMETER 

Note : A l l drawing dimensions are as shown 
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