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SUMMARY

The objective of this project was to develop a nonproprietary,
individual house, user activated water meter which is inexpensive, low
in operating and maintenance cost, and can be produced in most LDC's,
The activating mechanism of the meter is a small cylinder or cartridge
filled with compressed air.  The cartridges are light in weight and the
technology and equipment for manufacturing and recharging them is available.
Marketing of these cartridges in LDC's is not considered a problem, The
consumer will be able to purchase the cartridges at any approved outlet or
store.,

Activating the meter is done by inserting the cartridge into the
breech of the meter, As the compressed gas is released, it pushes a
piston which opens a valve, allowing the water to flow through the meter.
The cartridge is used on a one=shot basis and can be returned to the central
facility for recharging.  In effect, the water paid for is now in storage
to be used at the consumer's discretion.  The meter con be set to deliver
a predetermined amount of water per activation.

With o user activated water meter, the consumer, in essence, buys the
water .prior to using it.  Billing costs, collection of payments, poor debts,
etc., are therefore eliminated, and the utility company receives payment

for operating and maintenance.
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The user chivdfe_d meter allows fhe_vco.r..\sume:r. to buy water in
small lots (Im3 to '4m3) ‘that 'hv‘e‘ can 6ffo‘rd, ond:.h;:s the cosh .oﬁ hqnd
to 'poy' for ‘water ‘delivered to ‘his/her. h‘ouseBold. . Thus, fhe consumer's
burden of,poyving‘ what may be a large sum on-on infrequent billing
interval is "d'vrq’ide‘d; '

The User activated water meter. is a.key element in a new marketing
'oppr'ooch fo provide fufi“’fiés with the -necesécry-revenues.- .Guéronfeéing
payment for Wdfef delivered with minimum Jof _collection éosts, will encourage
Qtil?fieé to expand service to consumers in poor s'ecfions.of the community
that are deprived of sofé\clean water. . At the present time, many
utilities refuse to -ekp'ond service to such sections bec»c_:.suse of the difficulties
encountered in pdyment ;ollection, for -water. delivery.

““The puf'pose and -goals of tHis project have been successfully met, A
working model’ of thé meter has been constructed and subjected to limited
fes.ti‘n'g"';' 'A::."Th_'eAresulfs of fhis' project demonstrate that a user activated water
me'fe'f.i's feasible,  Further development, hbwever,_ including laboratory and
field testing, is necessary beféore it can be mcn,ufoc?qred and utilized in
LbC"s':.

The intérest of: the 'Hﬂérr\d?ionol ‘community in this meter is
cppre'ci‘atle‘d. ' .'Many"* fépr"esentdfive:a v;r-f‘ di.ffe‘rent. orgonizctiohs hcve»_fores‘e.en‘
broad opp“tot‘i'ons of the proposéd water metering and marketing opprogch _

for LDC's, as well as developed countties.
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INTRODUCTION

Water utilities in the developing world are unique in the sense that
they normally foce high operating and maintenance costs, coupled with
inadequate tariff rates and unreliable collection of revenues. Because
of the difficulties and uncertainties encountered in receiving payments fo:
water delivered, many water utilities are reluctant to expand services to
the poor communities or districts where revenue collection is most difficult,
Thus, consumers residing in poor districts often do not have access to high
quality water at reasonable rates,  If a water utility company can be
provided with an inexpensive, efficient collection system for all of its
customers, such a company may look favorably upon expgnding its service,
The approach to the solution of unreliable collection is o new marketing
system wherein the consumer pays for the water prior to using it.  Such
a system will eliminate billing and collection costs, and uncollectible
accounts.  The key item in this approach is a user activated water meter.

Most water metérs in use today are cast metal (brass or bronze)
which are heavy, expensive, complicated, ecsily clogged, and not readily
adaptable to production in LDC's because of proprietary paterts,  Recently,
some water meters have been constructed out of various plastic motériqls.
These meters are relatively inexpensive, costing from $20 to $40, and
fairly accurate, i.e., +1%. Although such meters are mechanically good,

they pose a number of serious problems, such os cloaging, frequent maintenance,
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meter reading, etc. In order to collect payment, an employee of the
water authority’ dgency must read the meter and submit the data to a billing

office. The billing office 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 collection of payment. In many

LDC's thel user _simpl'y'doe‘s nof_hdye the money to pay a monthly or semi-
monthly water b';ll, olfhougl{ he ‘con pay on a-day to day basis. It is
also not uncommon 1"okhecr oboult corrupt water meter readers who, by
various methods, render the water agency unable to collect fees for water
used. In summary, existing water meters are lo_sor intensive, vexp’ens.ive,
and a high mcinfendﬁcé item,

Qn the other hand, a user activated meter does not depend upon
meter reading and billing in order to collect payment for water used, A
user activated meter is defined as a unit which is activated by an external
device which can be purchased By the user at approved outlets, such as
general stores, ccnfinés, local grocery stores, churches, government

buildings, etc. Once the user has activated the meter, he is entitled to

‘a predetermined volume of water available at a time of his choice, For

instance, if the meter" is set to dispense 3m3 of water, the consumer buys
the activating device, inserts it into the meter and con draw up to 3m3

of water through the meter in any volume amounts, or time intervals, by
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opening and closing the faucet at will,  When a total of 3m3 has been
used, the meter will cut off the supply and the consumer will have to
insert another activating device to obtain additional water. A visual
warning system will be incorporated into future design to alert the

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

~ to the user activated approach is allowing the LDC consumer to buy water

in small lots which he can afford and has the cash in hand to pay for
water delivered into his/her household, In essence, the user, by
purchasing the activator, has prepaid for the water that he will use.

In this system, payment is received prior to water use, while with
ordinary billing systems, charges are assessed for water used after the
water is consumed. In addition to the elimination of meter reading,
billing, and collection of payment, the user activated meter will also
help reduce revenue losses because of corrupt water meter readers, Only
on occasions when infrequent maintenance is required will the user come
in contact with an employee of the water supply agency.

The objective of the ireseorch ond development project was to
develop a user activated water meter that is sin%ple to ‘operate, rugged,‘
reliable, low in operotion and maintenance, and suited for LDC local

manufacture, including spare parts.



This objective has been l.lorgely oc.h.iéved inasmuch as a ﬁrotofype
meter has been constructed and subjected to Iibmifed‘ testing.  Although
the feiosfbility of v;‘)roduc.in'g such a >meter,Ahds been demonstrated, it is
recognizved that further .devel_o;:v)m‘ent, inéluding_lcbofdfory and field testing,
is necessary prior .to U.Sagev in »L'.DC\'s.
| A r_)umb.er of.represe.nfoti,vés:from various international agencies
have ‘expr'eﬁsed.a.-keen ihferesf in the meter ond. ifs'_wide application,
U..S.A"‘.I.D. encoufcges tHe internoﬁonol‘comr‘nunify. to become in\)olved

in the further development of the meter.



DESCRIPTION OF THE ROBOMETER

A user activated meter has an obvious appeal for the water utility
company and the individual consumer. The company receives ifs operation
and maintenance costs with a minimum of billing and collection expenses.
The consumer obtains, at a reasonable rate, reliable safe water, and
paying for it is within his means.  The activating agent must be unique
in order to prevent fraud by easy duplication, tampering with the meter, etc,
Various external activating devices were investigated before selecting one
which cannot be easily duplicated.  The activating device of the
Robometer is a small cylinder of compressed gas, typically ten milliliters,
which has a pressure of approximately 860 psi at ambient temperature.

The pressurized cylinder or cartridge, shown in FigurebA-l (Appendix A),
can be .eosily manufactured by the water authority or industry within the
country and available for purchase in stores throughout the region.

The technology and equipment for manufacturing these cartridges is
available.  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 small, light in weight, and transportation and marketing
are not considered major problems.  The selling price will be determined

by the agency in charge of water supply and, as an incentive, the



.estc.blishments (grocery store, general §tores, small village supply stores,
etc.) where such cartridges are offered for sale will be guaranteed a small
profit,  After using the cartridge, 1.'he consumer may dispose of it or
return it fd fl;me-stéré for ;echorgi'r.wg.‘ . The fecsfbilify of ufili.zi'ng reusable
corfndges depends on numerous focfors which vcry from counfry to country
The present wholesole cost of a ccrfrndge fllled with scrubbed CO 2
is approximately $0.10.  The cost of such .corfrldg'es for use as cc?ivcting
agents for the meter wu|| be ‘cpprecmbly less béccuse compressed air will be
used instead of CQ?_. llnform'ction on fhe costs associated with setting up
a cartridge chorgmg fomllfy is dufflcult to obtam. ‘Manufacturers who
produce such ccrtridges were relucfcnf fov discuss details of their operation,
The low wholesale eosf of the .ccrtr‘idgeﬁnd the Iimtifed market suggést
that the cost of the equipment‘is moderate,

“The details of -the 'm-eter are shown in Figufes 1-12,  The prototype,
'shown in Figures 1 and 2, wo‘s constructed and fabricated in o building
block fashion, the ."b.|ocks" being éosifively located by hardened steel
dowels, ond Ahe.ld firmly in place by various sfzgs of hollow head cap
sc'rews:'cnd flat Ahgoél ﬁ\ocgine scr.e.w.s... | it is feéognizéd that this_mefhod of
manufacture CO.L‘JI“d prove flo be véry costly, and only a few will be

produced in this fashion for testing and monito'rin.g purposes. The ultimate



Figure 1: Robometer



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



goal is to make the meters from thermoplastic materials, and injection
mould the parts wherever possible.

To activate 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, it exerts pressure on the piston
(Figure 4). The forw.ord 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 valve, A cartridge pressure of no less
than 600 psi will activate the pisten.  Thus, bicycle pumps or commonly
used compressors cannot be used in lieu of the cartridge.

In effect, by inserting the cartridge, the water paid for is now in
storage, to be used at the consumer's discretion,  When the faucet is
open, water flows through the meter.  Any movement of water through
the meter sets the mechanism in action,

The mechanism is o water propelled driving 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 position.  When the cam

completes one revolution, the valve will close and the mechanism comes



Figure 2. Breec!

1 Assembly
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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)



Figure 7: Transmission Box Showing Cluster Gears and Drive Pinion



Figure 8:

Metering Gears Showing Assemblies for Three Particular Volumes
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Figure 9:

Dual Purpose Cam



to rest, restricting further flow of water.  This sequence is shown in
Figures 10-12, It is now necessary to reactivate the meter with a fresh
cylinder to obtain further water supply at the faucet.

The amount of water supplied per activating cylinder will be
predetermined by the water utility and controlled by a simple gear train
(Figure 8) preset at installation.  Actual volumes will be determined
based upon socio-economic conditions and technical considerations,

Detail drawings of the meter are given in Appendix A.

17
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Figure 10: Valve Mechanism Showing Valve Stem Held Open by Vertical
Acting Portion of Cam
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Figure 11:

Valve Mechanism Showing Horizontal Acting Portion of Cam
Returning Piston Toward ifs 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 driving mechanism (Figure 6),
i.e,, the unit that converts part of the energy of the flowing water through
the meter into the torque required to operate a gear train. Initially, an
efficient driving mechanism which operates under a wide pressure range of
1 to 40 psi wos sought. Review of the literature of water meter
manufacturers indicated that the driving mechanism of most meters are
either an oscillating disk, rotary vane, or rotary piston,

The oscillating disk in a common disk meter, oscillates in a
passageway so that a known volume of fluid moves through the meter for
each oscillation. A stem normal to the oscillating disk operates a gear
train which in turn activates a counter,

In meters equipped with a rotary vane, the vone.is driven by the
water and it 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 principlehﬁlizes
a piston which the water oscillates in a working chamber.  Each piston

cycle is equivalent to a known volume of water.  The piston movement

21



_ is transferred by dppropriofe‘redu'cing gears to a counter.

Expé‘rilmenfs using representot}i'ves of each of the above .dl"iv'i‘n.g ‘
.mecbd_ﬁislr.ns Qere’ Conduéfec.i”to defe'rminé the torque 'ou}'puf of each of the -
dbévé under various vfilow‘vrcfes cnd‘ press.Ores.“ It .st tonclu{ded» that the»-
rotgfy "pisfdn’driving‘ meéhdnism was the most efficient unit ..providing the
Fighest torque uhdér.ldw pr'gssbre and léw‘ flow conditions, wh'ic-h are
corﬁmoﬁ m most LDC‘s‘.. |

Various conf‘igurcfions‘bf_pqwer train drives were invesﬁgcfed..
The direct rotary motion of the fofory’ piston had to be 'sfeéped down to
maintain .suffi'cienf torque to operate the cam which controls _fhe‘ movement
of tHé piston "ahd:rod; Ditferent bcombinoﬁons of plostic worm and
.~o>|:rfr.14v:/hee|j;l as well as other power trqins were tested, .Of all
combinations eval‘uoted, the preferred power train is the one shown in

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

Piston cnd Cylindér

The first piston and cylinder agsembly was constructed from mefcll.
A number of tests "oZn' the -forces develéped on the p‘isfon'rqd when the
'.c.ort.r‘i”c'ig;a'._is octi\';b‘fea',' i e., 'Qés is released from the cartridge to the piston,
sﬁégésted that a sfﬁéller .;‘Sié’ton_csser'nbl.y constructed ‘fr'or'n. PVC should function

well.  Therefore, a PVC piston and cylinder assembly was constructed and
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tested. To provide a seal between the piston and the cylinder, 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 while the piston movement of 5 cycles per minute was provided
by a mechanical arm linked to an electric motor via a series of pulleys.
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 wall,
It is interesting fo note that if a meter was to be activated twice a week,
5,000 cycles is equivalent to 48 years of operation,

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 relief valve was incorporated in the meter,  The
purpose of such a valve is t§ allow the air to escape before it reaches the
driving mechanism, ensurfng that the volume of water purchased will not‘ be
influenced by the air flowing through and rotating the driving mechanism of

the meter,
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. .Thebbigct%_ve‘s in désigning,thg 'qi}r rel.i.ef valve were to haove o
“minimum of i'ﬁo'v‘ing' parts, _oﬁd. ,1;He ‘abilli‘t)./ i’o operate over a wide range of
fléw r"atés ond pressures. - | The v.al-\./e' ;elecfed operates on the princible of
l:)‘uoyc:‘ncyf ‘As‘>|c'>n_gv o%_- air i.s’fljowir:jg. fhrélulgh the incoming line, it will
:e'nte‘r ‘fhe‘. \v/;i.‘l_yef.:.cnd ;s;gpe_'thro;Jéh the air vent; thus, the air flow will
not dtt_i.vatAe. the'driv:ing mechc;ni‘srﬁ. As soo.ﬁ‘vo,s the water ‘orr»i\fes,-the
'vclv_e flrdvatstirbwfo p’idc'e 'q.nd ;éols-the qi; \)erﬁ', forcing the water to go

through'the driving mechanism of the meter,

: Me‘teri.ng' Gears

The metering gears shown ip Figuré 8 are coliErcted to dispense 1,
2, 3, and 4m3. Thé-cbove gécrs 6re ir'\ferchc.mgeable,- ths giving the

v' water authorities some flexibilif_y to deéide which gear arrangement is
prefe;red, §r to éhonge the gears after the‘meters have been installed, A
nurﬁbér of cclib;;:fior; tests were conducted at different pressures.  The

" results, sumrﬁarized |n ToB|e_ 1, show the accuracy of the meter under
differ'én,f ope.rcfi,ng conditions. .The differénce in vq!ﬁme dispensed in
-relation to line presﬁure -c<:n be attributed to the drop in efficiency of the
“driving r_nechonisrﬁ at low‘p;rc.assvur'es. The internal components of the meter
‘have not béen optimized‘, thu; leading to large head losses. ‘S_.ignifi'cont

improvements’ in meter accuracy can be expected ofter optimization,
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Cam Development

Development of the dual purpose com was probably the greatest
obstacle in the development of the meter,  With certain physical restrictions
(size and orienltoﬁon), it was difficult 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 ecceintric loading on the piston rod created
a great deal of back pressure and when transmitted back into the driving
mechanism, would cause jomming and someﬁmes shearing of the plastic geor
teeth,

Experiments with bench models of different cam configurations led to
the selection of the type of cam to develop and what functions it should
perform, )

The requirements of the cam are:

1. To hold in position the valve stem already
depressed by the piston rod.

2. To return the piston and rod to the starting
position,

3. At the completion of the cycle, to release
the valve stem and thus allow the water
supply to be cut off,

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

presented some problems.  As it was attempted to return the piston ond rod

25



to .'t.h.e'stbc‘:rt;mg posiﬁén with thé_;:om lobe in ‘(:ontocf f§r only 120°. of
-‘ifofa‘tion,' and fh.evlcnb'ov_e mentioned physical restric;.tiqns,._diffiéulf_ies were
, enco'unferéd | ;vitf\ . i'nte'rfc»zci_.n'g, of ;ompoﬁénfs .

Expohdi.ng tFé_ .sco.pe‘of".fhelcs:qm ‘al."\d kéeping contact with fh‘e éiston‘
fod for cpﬁroximctqu‘ 3069,; tﬁerefore‘sp‘recding fi\e work. to be ddne' over
‘a mpch longer per‘iod, ’vimbrovéa the .c'_o‘mponenf i.nferfoc'ing_ action considerably .,
All ‘thqt ré‘mc;ﬁned thé'n was the ﬁm‘ing} be}Qeén the horizontal ocﬁﬁé portion - |
of fhé cq>m. (which returns tﬁé 'pislton and the rod) Vand' the vertical qc.:fin'g
pdfﬁoh whigh holdﬁ open and allows the closing of the gcﬁe valve.

Hcviﬁg satisfied fhe‘ conditions rec.quired; 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 AND CONSUMER

The water meter/box assembly would be manufactured in-country for
about $12.00/unit, Installation with LDC labor, including logistics,
would cost about $3.00 per unit.,  The utility would thus have a one
time installed cost of $15.00 per unit for the meter. No meter reading
or billing 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 utility would price the cost of the cartridges in the following

manner:

(@) The production, operation and maintenance cost per
cubic meter would be established by the utility, i.e.,
say $0.10 per cubic meter,

(b) Based on a consumer demand market survey, the utility
would decide what volume of water they would require
their meters to dispense,  This would coincide with
the ability of the people to afford such o volume
within a certain time period, i.e,, should the survey
show that they use and can afford 2m™ every 3 days,
the meter would be set to dispense 2m3 of water.

(¢) Based on the cost per cubic meter established by the
utility in (a) ond the cubic meters to be dispensed per
activation, the cost per cartridge to the utility would
be the number of cubic meters dispensed times the unit
cost of the water, i.e., for our example 2m3 x 50.10/m3
or $0.20/2m3 cartridge plus the cost of the manufacture

27



- and filling of the 10 m1-860 psi cartridge (c 1.5 to
- ¢2.0 per cartridge), A pass-through charge of
. 2-3 cents per cartridge would be provided to -
commercial stores for handling and having readlly
available ‘such cartridges for the :consumers to buy.
" The total cost to the consumer would be as follows:

for 1 CUblC meter: volume cartridge -

$. 10 + .03 = $0 15/m3

for 2 cubic meter volume corfrvdges -

$.20 + .02 .4 so 25/2 m3 or 30, 125/m3

for 3 cubuc meter volume cartridges -

$.30 + .02 4 .03 = $0.35/3 m3 or $0. 112/m

- for 4 CUbIC meter volume corfrldges -

$.40 + .02 + .03 = $0.45/4 m3 or r $0, 112/m3

_for 5 cubic meter volume carrrnoges -

1$.50 « .02 + .03 = $0,55/5 m3 or $. ]10/m

for 10 cubic meter volume cartrudges -

$1.00 + .02 + .03 = $1.05/10 m3 or $0. 105/m3

"~ A summary of the costs to consumers using the Robometer system is
given in Figure 13. - It should be noted that the.cost of marketing (on a
unit cost basis) is nominal for volumes greater than 1m3,  Essentiolly, it.

results in a $0.0’14$0.02/m3 increase in unit costs to the consumer,
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CONCLUSIONS AND R;EC.OMMENDATIONS" |

The. gba\ of this ﬁroiecf has 'beenbochiveved by developing a new
user cctfv’c.fed‘ wdfgr meter, made élmdsf enfirely c‘>f‘ fherm6p|cstic‘ materials.
The meter is a ‘nop-propriefory_.ifem _dAire‘cf‘ed fowérd |o.cc| pfodutfion in
LDC's.  The ;:c;;ivoting device of thus .me'afer’ is a small compressea air
cortr-idlg‘e. Although'fhé technology cﬁd éq‘uipr'nent for mohufocfuriné |
cmdb' recharging the cartridges is chiIoEle, costs for ;effing up a _plﬁnf
are difficult to ochin. |

Ac.'ﬁvdfion of the meter is achieved by vinsieri‘:ing-the "one=-shot"
cartridge vinfo' the meter.  The meter can be set By the water u-ﬁiity
componyA to dispense f?om M to 4m3‘of,'wo'rer using interchangeable
geofs. The é.ons_t.Jr.n.e.r, by .purchcs‘ing‘and uging the activator, has prepaid
for the water and can use it at the time of his .choic_e.‘

The meter is vilewed qg a key companent in a new marketing and
water. meferiﬁg system in whi.ch' the water Uﬁlify company is assured of
~ receiving revenues subject fo'AminirﬁclbcoHecfion costs, Guo'ronfeied
revenues should in.ﬂuenc'e favé)rdbl}t the planning ‘of utility companies wjfh
regord to éxpcnsioﬁ of water services to ;obor_secfidns or communities,

The main subsystems of the meter are: the air relief valve, the

driving mechanism, piston and cylinder, metering geors, valve assembly
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ond ducl purpose cam.  While some of these subsystems were developed
and perfected experimentally via o trial and error procedure, others were
available commercially and required only slight modification,

The pfofofype meter has been subjected to only a limited amount of
laboratory tests and further laboratory and development work are necessary.
In particular it is recommended that:

1. A follow-up project incorporating further laboratory
development and testing be undertaken. The specific
objective of such a project would be:

(@) 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 utilizing
water of varying qualities.

(¢}  Modification and adaptation, if necessary, of the
present prototype design based on the information
obtained from (a) and (b).

2.  Evaluate the feasibility of producing the meter in selected
LDC's based on present availability of equipment and
technology.  This phase should proceed simultaneously
with recommendation (1) to ensure that the meter
developed is compatible with the technolegy and
resources available in the selected LDC's.

3. Evaluate the costs associated with setting up a cartridge
recharging facility in selected LDC's.

4,  Subject the meter to an extensive field testing program
in order to:

(@) Evaluate the behavior of the meter under LDC
consumer use,
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Evcvluof.e the acceptability of the meter by LDC

- consumers of different cultures.

~ Work .with interested national governments and

local . plastic manufacturers to stimulate local

production of meters and cartridges.

Modify and adapt, if necessary, the design based
“upon the information obtained from (a), (b), and

(c).
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TABLE |

ROBOMETER CALIBRATION TESTS

PRESSURE, GEAR ASSEMBLIES
PSI 1 m3 2 m3 3 md 4 m3
5 1.12 2,25 3.35 4.46
10 .99 1.99 2.98 3.98
20 .99 1.99 12,99 3.98
40 .95 1.89 2,94 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: All drawing dimensions are ‘as shown
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