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SYNOPSIS

The new demands placed upon application equipment by the
introduction of modem insecticides have revealed the deficiencies
of this equipment when required for continuous use on a large
scale. If adequate equipment is to be produced, specifications
must be based not only on basic materials tests but also on " use
tests, in which the conditions of field use are simulated.

The author outlines suggested techniques to be followed and stan-
dards to be adopted in testing theperformance ofcompression sprayers
and allied equipment, with reference to the following features:
compression-sprayer tank fatigue; tank impact; pump resistance
to bursting; pump resistance to collapse; pump friction; cut-off
valve durability; constant-pressure valves; cut-off valve actuation;
hose flexure; hose tension and bursting-pressure; hose friction;
gaskets, valve faces, and similar non-metallic parts; nozzle-orifice
erosion; and nozzle pattern.

Sprayers for the application of insecticides have been used for many
years. Until recently they were used largely by farmers, orchardists, and,
occasionally, householders. Their requirements were usually met by the
commercially available insecticide sprayers of the day. Mechanically
these devices were rather crude, frequently being designed and manufactured
side by side with other agricultural machinery. These simple devices served
the purposes for which they were designed and, as they were seldom used
for more than a few hours each year, there were few repairs to be made by
the farmer with minimum facilities.

This picture changed suddenly with the introduction of the modern
insecticides of which DDT was the forerunner. Insecticides invaded many
fields other than agriculture. Pest control in and around the home developed
into a major commercial activity. The forces of preventive medicine found
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that these insecticides could assist materially in the control of world-wide
diseases such as malaria, yellow fever, and plague.

These new uses of insecticides placed new demands on the application
equipment which soon proved to be inadequate. The need for sprayer use
increased from a few hours each year to six or more hours a day for periods
of many months. Sprayers, instead of being used largely by individuals,
began to be purchased and used in quantities of hundreds and thousands
by national and international organizations whose major purpose was
insect control. Such large-scale professional use began to reveal the de-
ficiencies of existing equipment and to indicate the need both for simple,
low-cost sprayers for intermittent agricultural use and for the more complex,
sturdy devices designed for hard, continuous, professional service.

Recognizing the urgent need for better equipment than that currently
available, the WHO Expert Committee on Insecticides developed speci-
fications for compression sprayers 1 at its first session and specifications for
cut-off valves, chemical-resistant materials, stirrup-pump sprayers, and allied
apparatus 2 at its third session. It became evident during the preparation
of these specifications that the only tests for materials and fabricated
equipment available at the time were basic materials tests-that is, tests for
tensile strength, chemical analysis, and similar tests-which had no direct
relationship to the suitability of the equipment for field use and which, at
the very least, require the presence of inspectors at the factories where the
raw materials were processed and the equipment fabricated. While such
an inspection service might be justified for orders amounting to many
thousands of units, many of the smaller countries could hardly provide
inspection of this type on orders for a few hundred sprayers. It became
evident, therefore, that " use " tests were needed-that is, the simulation
on an accelerated-time basis of the conditions anticipated in the field
usage of the equipment. Specifications could be based on these tests which
could be economically applied to the finished product.
A detailed description of the techniques, equipguent, and standards for

a number of such tests follows. While these tests apply particularly to
compression and stirrup-pump sprayers, they may also be applied to the
components of other types of spraying equipment.

Sampling

Sampling procedure should follow the well established procedures of
sampling for physical tests. The samples should be selected at random from
the production run by a representative of the purchaser or by a neutral
party.

1 World Health Organization, Expert Committee on Insecticides (1950) Wid Hlth Org. techn. Rep.
Ser. 4, 9

2 World Health Organization, Expert Committee on Insecticides (1952) Wld Hlth Org. techn. Rev.
Ser. 46, 3



TESTING OF HAND INSECTICIDE-SPRAYING EQUIPMENT

A large number of sprayers of any one make cannot be economically
tested due to the cost of procuring the samples and to the fact that the
sprayers may be damaged by the tests to a point where future use is im-
possible. However, it is recommended that a minimum of two sprayers of
any one make, model, or production run be tested. When a large order of
sprayers is being considered, each manufacturer bidding on the order should
be required to submit three sprayers with his bid. Two of these should be
tested, as mentioned above. The third should be placed in storage as a
reference sample for a period approximating to the life expectancy of the
sprayers in the field, which is usually considered to be three years. Should
any question arise during this time regarding the quality of the sprayers as
delivered, reference can be made to this unused sample.

Further samplps from the production run of large orders of sprayers
should be tested as they come off the production line. The first sprayer to
be produced, and the five-hundredth, thousandth, and each thousandth
after that, are suggested as samples.

Tests

Compression-sprayer tank fatigue

Although not readily perceptible to the eye, the metal in a compression-
sprayer tank bends outward when the tank is pressurized and returns to its
normal position when pressure in the container returns to that of the
atmosphere. Repeated pressurizations, such as are encountered by equip-
ment in field use, result in a bending back and forth of metal surfaces.
Fatigue failure frequently results ; the first evidence of this is usually seen
in a broken or leaking weld or a crack radiating from an opening such as
those designed for the cover and pump.

Fatigue stresses can be duplicated readily in the laboratory by the
testing machine shown in fig. 1 and 2. With this device as many as eight
sprayer tanks can be tested simultaneously. The dip-tube of each tank is
connected to the manifold by means of a copper tube or a rubber hose.
A small angle-valve is provided at each point of connexion with the manifold
in order that any connexion may be closed off as desired.

Each of the sprayer tanks under test is filled completely with water
the top and any other openings are closed. The manifold is filled with water
to a point within approximately 8 inches (20 cm) of the filler hole. The
water level may be checked at filling or during testing by observing from
which of the three vent fittings water will flow upon opening.

Air pressure from a power-driven compressor and reservoir is applied
to the top of the manifold through a pressure-regulating valve and an
electrically operated three-way valve. A timer switch, driven by a small
electric motor, opens and closes the three-way valve approximately three
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FIG. 1. COMPRESSION-SPRAYER TANKS BEING TESTED FOR FATIGUE FAILURE

times a minute. When electric energy is applied to the three-way valve,
compressed air flows from the source into the manifold at a pressure deter-
mined by the setting of the regulator valve. When de-energized, the air flows
out of the manifold to the atmosphere. The result is that pressure is applied
to and released from the water in the manifold which, in turn, transmits
the pressure to all parts of the sprayer. Water can be dispensed with in
this system and air substituted, but, due to the large volume of the total
system, a considerable amount of air would have to move in and out during
each cycle, compressor capacity and power consumption would be unduly
large, and a three-way valve with very large air passages would have to be
employed to permit movement of the large volume of air.

An electrically operated counter is connected in parallel with the termi-
nals of the coil of the solenoid valve. Consequently, each time the valve is
energized to accomplish a pressure cycle the counter registers the fact and
thus indicates the total number of pressure cycles accomplished.

Time-motion studies of field crews engaged in malaria-control operations
(Lawrence C. Gray-unpublished report, June 1953) indicate that the
maximum number of pressure cycles likely to be encountered would not
exceed 7,500 in a three-year period. Therefore, it is recommended that,
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TESTING OF HAND INSECTICIDE-SPRAYING EQUIPMENT

using this test device, 7,500 cycles be applied to the sprayers under test at a
pressure of 125 %Y above the normal maximum operating pressure. The test
would, of course, be stopped if failure occurred before 7,500 cycles were
completed.

While the standard suggested above serves as a criterion of acceptance
it may be found desirable at times to locate the weak points of a sprayer

FIG. 2. TEST APPARATUS FOR DEVELOPING FATIGUE FAILURES IN

COMPRESSION-SPRAYER TANKS

counter: model 6Y1-MF, Durant Manufacturing Co., Milwaukee, Wis., or equivalent
timer: model CM-6 with gear rack, Industrial Timer Corp., 115 Edison Place, Newark 5,

N.J., or equivalent
3-way valve : model V5-3, Skinner Chuck Co., Norwalk, Conn., or equivalent
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tank. In this event it is recommended that the tests be continued in incre-
ments of 2,500 cycles to failure, each increment being accompanied by an
increase in pressure of 25% of the normal maximum operating pressure.

Tank impact

The following is a simple test of the ability of a sprayer to withstand
accidental dropping.
A platform, consisting of a piece of solid oak, or similar wood, 2 inches

thick by 18 inches square (5 cm x46 cm x 46 cm) is placed on a level cement,
stone, or hard-packed-earth floor. The tank, half-filled with water and
pressurized to 50 pounds per square inch (psi) (3.4 atm.), is held by hand as
shown in one of the positions of fig. 3. When the height of the tank above
the platform is correct, the tank is allowed to drop in a free fall onto the
platform. This is repeated in the manner and for the number of times
indicated in fig. 3. Caution should be exercised in performing this test in
order to avoid possible injury due to explosion of the pressure vessel. A
metal cage may be constructed to enclose the tank during the drop.

FIG. 3. DROP TEST FOR COMPRESSION-SPRAYER TANKS

IlE<vxK > ] ~ ~ .

DROP TWICE DROP 4 TIMES DROP 4 TIMES

Following completion of all the drops the tank should be subjected to a
static hydraulic-pressure test of 100 psi (6.8 atm.). If the tank does not show
evidence of leakage and continues to function normally it is recommended
that it be considered acceptable under the drop test.

Pump resistance to bursting

Compression-sprayer pumps have been known to fail as a result of
pressures developed in them during pumping. Their ability to withstand such
pressures can be easily tested. The check valve should be removed and that
opening closed by means of a pipe cap, by soldering over the opening, or
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by any other suitable method. The plunger rod and cup leather should be
removed and a cap made to close the open end of the pump. This cap may
vary with the design of the pump, or a simple, expanding plug, as shown in
fig. 4, may be used.

FIG. 4. EXPANSION PLUG FOR SEALING PUMP CYLINDER

The pump barrel should then be filled with a liquid and connected at
either end to a source of hydraulic pressure, the value of which is indicated
by an accurate gauge. Many stirrup pumps will develop pressures of 250
psi (17.0 atm.) and may be used to develop hydraulic pressure for tests of
this type. Alternatively, the apparatus described in the hose tension and
bursting-pressure test (page 350) may be used.

The pump barrel should be considered to have met this test if it can

withstand, without leakage or other failure, 300% of the normal maximum
operating pressure of the tank for a period of 5 minutes.

Pump resistance to collapse

Pumps have also been known to fail by collapse due to the pressure
developed around them in the sprayer tank. The ability of the cylinder to
resist such failure can be tested by developing pressures greater than normal
around it.
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In many cases the sprayer tank may be used as the test vessel though there
is a danger that the tank itself may fail before failure occurs in the pump
cylinder. If any appreciable amount of testing is to be done it is recommended
that a pressure chamber be built, as shown in fig. 5.

FIG. 5. PRESSURE CHAMBER FOR COLLAPSE TEST OF PUMP CYLINDER

AIR OUTLET
(HSlE NIPPLE) _

STEEL DISC

socket-head cap screws:
steel disc:

61/4" diameterx 13/," long, with nuts (600 apart)
31/2/w diameter, with 6 '/32" diameter holes on 23/," diameter hole
circle (600 apart) make with centre hole to fit pump cylinder
under test

The plunger rod and cup leather should be removed and the pump
cylinder installed in the test vessel, whether it be the sprayer tank or a

special container. The check valve may usually be left in place, but if the

- SOCKET-HEAD CAP SCREWS

- STEEL DISC

S3" PIPE
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valve itself will not withstand the abnormal pressure it should be removed
and the hole capped. The vessel should be filled with a liquid so that it is
in contact with the entire outer surfaces of the pump cylinder. Connexion
should be made to a source of hydraulic pressure, as described in the
preceding test, and the pressure increased until the maximum test-pressure
is reached or until failure occurs.

It is recommended that a pump be considered acceptable under this
test if it can withstand, without collapse or permanent distortion of its
circular cross-section, a pressure equal to 300% of the normal maximum
operating pressure of the sprayer in which it is used.

Pump friction

The pumps of compression sprayers may be difficult or easy to operate.
The force required on the downward, or power, stroke is a function of the
piston diameter, the pressure in the tank, the mechanical friction of the
pump parts, and the pneumatic friction of the air passing through the
pump orifices. The first two factors are very nearly equal in most sprayer
pumps, but wide variation is to be found, from model to model, in the
losses due to mechanical and pneumatic friction.

The latter two factors can be evaluated with rough accuracy by a simple
test. The sprayer is filled with water to a point where the liquid just covers
the check valve on the pump. The tank filler-hole is left open. If the tank
construction is such that the submerged end of the pump cannot be
observed easily through the filler hole, the pump should be removed and
installed in an apparatus which will permit such observation. The plunger
rod is lifted so that the cup leather is at the top of the barrel. Weights are
applied to the pump handle, as shown in fig. 6, until a value is reached
which will force the cup leather downward and expel air through the check
valve. Movement of the cup leather downward without evidence of air
being discharged through the liquid covering the check valve may indicate
that air is leaking past the cup leather.

It is recommended that the pump be considered to have met this test
if the plunger rod is depressed through its entire length in a period of not
more than 5 seconds under a force of not more than 3 pounds (1 kg 350 g)
over and above the weight of the plunger assembly with discharge at atmos-
pheric pressure or above.

Cut-off valve durability

The cut-off valves on sprayers are frequently a source of difficulty for
they often leak, the valve surfaces wear out, and considerable maintenance is
required. However, it is a simple matter to operate cut-off valves mechani-
cally through any number of cycles and to compare their ability to resist wear.
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FIG. 6. TEST APPARATUS FOR MEASURING THE FRICTION OF A
COMPRESSION-SPRAYER PUMP
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The valve should be rigidly mounted and operated by a cam and cam
follower, as shown in fig. 7. Operated by a cam of this design, and with
35 psi (2.38 atm.) of hydraulic pressure applied to the valve faces, a typical
valve will open and close as shown by the curve in fig. 8 (A). This action
is a satisfactory reproduction of the opening and closing characteristics of a
hand-operated valve, as shown in fig. 8 (B).

Liquid should be caused to flow through the valve while it is under test.
This can be most easily accomplished by connecting a sprayer to the valve
in the normal manner. The sprayer is filled with the desired liquid and
pressure is developed in the tank. Discharge from the valve should be
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FIG. 7. CAM AND CAM FOLLOWER FOR TESTING CUT-OFF VALVES

through the usual lance and nozzle, and from there into a container. This
method of conducting the test requires a minimum of equipment, but
constant attendance is required to maintain pressure in and to refill the tank
with liquid as needed.

These disadvantages may be overcome by using a re-circulating system
powered by a pump. Such a system serves very well if solutions alone are

to be used in the test. However, if the test liquid is to carry water-wettable
insecticides in suspension, the abrasive action will result in a very short life
for most pumps. Specially designed pumps using porcelain or nylon friction-
surfaces may partially meet this problem, but they are either very expensive
or have other features which make them undesirable for this use.
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FIG. 8. ANALYSIS OF MOVEMENT OF SPRAYER CUT-OFF VALVE

(A) Cam-operated

(B) Hand-operated

An air-operated pump, little affected by abrasion, is shown in fig. 9.
Discharge from the nozzle flows into the reservoir and maintains the liquid
at the level indicated. Should this level fall below a prescribed limit the
entire action is stopped by the float switch until more liquid is added. When
both the reservoir and the pressure tank are at atmospheric pressure, liquid
flows from the reservoir past the check valve into the pressure tank as a

result of the difference in liquid level in the two vessels. A cam, mounted
on the same shaft as the cut-off valve actuating cam, closes a switch a

moment before pressure is needed at the cut-off valve. The closing of the
switch actuates a solenoid-operated three-way valve, which closes the outlet
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TESTING OF HAND INSECTICIDE-SPRAYING EQUIPMENT 383

of the pressure tank and connects it to a source of high-pressure air, usually
set at 50 psi (3.4 atm.). The resulting pressure forces liquid from the pres-
sure tank to the cut-off valve, and from there through the wand, the nozzle,
and into the reservoir. A moment after the cut-off valve closes, the cam and
switch de-energize the three-way valve, which disconnects the tank from
the pressure and opens it to the atmosphere. The cycle is then repeated.

FIG. 9. SCHEMATIC DIAGRAM OF AN APPARATUS UTILIZING AN AIR-
OPERATED PUMP IN TESTING THE RELIABILITY OF CUT-OFF VALVES

~~~~~~~~~~~~ am ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~~~~oa

WIRIEB SEAMAN

electric motor: 14.4 revolutions per minute; type NSI-12RG, Bodine Electric Co., Chicago, iii.,
or equivalent

solenoid valve: 3-way 1/411; model PX-NC, Valvair Corp., 454 Morgan Avenue, Akron 11, Ohio,
or equivalent

switches : all switches are Acro snap switches, XD4 5L, Acro Electric Co., Cleveland,
Ohio, or equivalent

This device is reasonable in cost, requires a minimum of attention while
operating, and will pump both solutions and suspensions with equal ease.

Cut-off valves intended for use with insecticides in solution may be
tested with the intended solvent as the test solution. However, a standard
hose-test solvent 3 may be used to impose the maximum demand on non-
metal parts. If the valve is to be used with suspensions, a 500 suspension

3For tests of non-metallic parts, a standard hose-test solvent is recommended composed of 10% kero-
sene, 5% benzene, 20% toluene, and 15% xylene.
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of water-wettable DDT may be used as the liquid. In this case the suspension
should be changed after each 8 hours of use. This material will test the
abrasion resistance of the metal parts of the valve and will reveal any
tendencies toward stoppage of the liquid passages.

Time-motion studies of malaria-control crews (Lawrence C. Gray-
unpublished report, June 1953) have shown wide variation in the number
of times a cut-off valve is opened and closed during a day's operation.
However, the maximum should not exceed 5,000 per month. On this basis
it is recommended that a cut-off valve be considered to have met this test
if it can accomplish 50,000 cycles of operation at 50 psi (3.4 atm.) followed
by 500 cycles at 100 psi (6.8 atm.) without undue leakage, stoppage, or
mechanical failure.

Constant-pressure valves

Devices to provide constant pressure at the nozzles of compression
sprayers are becoming increasingly available. The majority of these devices
consist of regulator valves in the liquid delivery-line of the sprayer. Mal-
functioning of such a valve may be due to failure of one or more of the parts,
such as a diaphragm or spring, or may be due to the closure of a liquid
passage by the deposit of insecticides suspended in the liquid.

Constant-pressure valves may be tested by operating them under simu-
lated conditions through a representative number of operating cycles.
A test machine designed for this purpose is shown in fig. 10. The device
utilizes a system which continuously circulates a test liquid through the
sprayer under test. The liquid used in the test apparatus may be either a
suspension of water-wettable DDT or it may be the standard hose-test
solvent. Since most constant-pressure valves contain no non-metallic
components, the former would normally be used. Power is supplied to
move the liquid through the device by a reciprocating two-cylinder pump,
the cylinder walls of which are lined with porcelain to resist erosion. A
hydro-pneumatic surge tank is connected to the outlet of the pump to
equalize the pressure variations developed by the action of the reciprocal
pump and a by-pass valve serves to deliver liquid to the sprayer tank only
when pressure in that tank falls below the pressure-setting of the valve.
This mechanism keeps the sprayer tank sufficiently full of liquid and at a
pressure of 45 psi (3.06 atm.) or above. While this apparatus will perform
satisfactorily, an air-operated pump similar to that shown in fig. 9 may be
used to advantage.

The constant-pressure valve is set at a representative release pressure-
for instance, 25 psi (1.7 atm.). Liquid is permitted to flow through the
constant-pressure valve, through the lance and the nozzle, and back into the
supply tank by the action of opening the cut-off valve. The cut-off valve
is opened and closed, either by the solenoid and timer, as is shown in fig. 10,
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FIG. 10. TEST

counter:
pump:

solenoid:

timer:

APPARATUS FOR DETERMINING THE RELIABILITY OF
CONSTANT-PRESSURE VALVES

model 6Y1-MF, Durant Manufacturing Co., Milwaukee, Wis., or equivalent
model 62, John Bean Division, Food Machinery & Chemical Corp., Lansing 4,
Mich., or equivalent
Bendix part No. 13-5-35, Soreng Manufacturing Co., Eden Avenue, Schiller Park, Ill.,
or equivalent
model CM-4, Industrial Timer Corp., 115 Edison Place, Newark 5, N.J., or equivalent

or by a cam similar to that described in the cut-off valve durability test
(page 379). Operation of the valve should approximate to 15 open-close
cycles per minute. The constant-pressure valve will operate with each
opening and closing of the cut-off valve.

It is recommended that a constant-pressure valve be considered accept-
able under this test if it can withstand, without clogging or failure, 50,000
cycles of operation.

Cut-off-valve actuation

A common objection to cut-off valves is the effort required to move
the handle from the closed to the open position. Commonly accepted
criteria for this movement specify that in the case of lever-actuated valves
the torque shall not exceed 200 inch ounces (0.14 kgm). The method of
measuring the torque required to actuate a lever-type valve is shown in
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FIG. 11. METHOD OF MEASURING THE TORQUE REQUIRED TO ACTUATE A
CUT-OFF VALVE

fig. 11. The torque is equal to the weight, in ounces, required to move
the lever from the closed to the open position, multiplied by the distance,
in inches, from the point of application of the weight to the pivot point
of the lever.

FIG. 12. METHOD OF MEASURING THE LINEAR FORCE REQUIRED
TO ACTUATE A CUT-OFF VALVE

It is frequently specified that valves operated by direct linear move-
ment shall require a force of not more than 8 ounces (250 g). This value
may be measured as shown in fig. 12.
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FIG. 13. TEST APPARATUS FOR EVALUATION OF FLEXURE
RESISTANCE OF HOSE

PRESSURE CU-5wrr N- \ OUT swnc
HIGHN PRESSUIRE)

TERMINAL SOLENOID VALVE
BUKIK B5EELL
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COUNTER OUT NwOIFN

10 IIVOLT

WIRING DIAGRAM
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Hose flexure

Hose used in spraying operations is repeatedly flexed in every direction.
To determine how any given sample of hose will withstand such flexure,
the device shown in fig. 13 and 14 may be used. As many as ten samples
of hose to be tested may be mounted horizontally between the pairs of hose
nipples. The manifold is filled with the desired test solvent, depending
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FIG. 14. HOSE SAMPLES BEING TESTED FOR ABILITY
TO WITHSTAND FLEXURE

upon the end use of the hose. The most stringent test is probably obtained
with the standard hose-test solvent, but end use may be such that other
fluids will be desirable. Air pressure is applied to the manifold and residual
air in each of the hose samples is bled off through the drain plugs on the
reciprocating arm.

Desired pressure, depending upon the design and intended use of the
hose, is built up in the manifold and the reciprocating arm is put in motion.
An electric counter indicates the number of bends, through 2100, to which
the hose is subjected. A low-pressure cut-out switch is provided which
opens on falling pressure. It is connected in such a manner that when a
hose sample bursts or leaks pressure drops, the switch is activated, and
the motor stops. A high-pressure cut-out switch, which closes on falling
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FIG. 15. TEST APPARATUS FOR DETERMINING HOSE TENSION
AND BURSTING-PRESSURE
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2'/2"x 21/2" X '/4,' with angle 1'-6" long
1,000-pounds capacity; W.C. Dillon & Co. Inc., 1421 South Circle Avenue,
Forrest Park, III., or equivalent
3" x 1 '/2,1 x '/41" channel
1,500-pound Ashcroft, Manning, Maxwell & Moore Inc., Bridgeport, Conn.,
or equivalent

base:
dynamometer:

frame:
pressure gauge:
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pressure, opens a solenoid valve which releases pressure from the system.
Thus the solvent is not sprayed over the apparatus when a sample fails.
The device can be left unattended to run 24 hours a day.

While the total number of flexures any hose will withstand depends
upon the design of the hose, the solvent used, and the pressure applied,
it has been found that this test has good correlation with the hose friction,
tension, aging, and bursting-pressure tests (Richard P. Lonergan-unpub-
lished data, January 1954). Used with the standard hose-test solvent
and at a pressure of 50 psi (3.4 atm.), a good hose will withstand 200,000
flexure cycles without complete failure though the cover may be separated
from the reinforcement by that experience.

It is suggested that this test may be substituted for friction, tension,
aging, and bursting-pressure tests when time or availability of equipment
are important factors.

Hose tension and bursting-pressure

Hose specifications usually contain minimum tension and bursting-
pressure values. Machines to make these tests are commercially available,
but are generally more complex and expensive than those used for hose
testing alone. A satisfactory multipurpose device which can be constructed
at minimum cost is shown in fig. 15.

The upper section of this device consists of a dynamometer to indicate
the tension on the specimen of hose, a threaded screw and hand wheel
to apply the tension, and specially designed mandrels and clamps on
which the specimen is mounted. The specimen mounts should conform
closely to the design shown in the drawing. Deviation from this design is
likely to result in breakage of the hose on one of the mandrels instead of
between them as is desirable.

In operation the mandrels are placed on the hose sample, hose clamps
are fastened to it, and the mandrels are mounted between the clamps of
the machine. The hand wheel is turned to apply tension to the specimen
until it breaks. A maximum-value indicator on the dynamometer will
indicate the tension at which the sample breaks.

The lower section of the device is designed to supply hydraulic pressure
for hose bursting and other tests purposes. When used to determine the
bursting-pressure of hose, a sample 6 inches (15 cm) in length is fastened,
by means of a hose clamp, to the vertical hose-nipple on the tray. A nipple
terminating in a small valve is clamped into the open end of the sample.
The valve is left open and water is pumped by means of the hand pump
through the sample and valve until air is excluded. The valve is then
closed and pumping is continued until the hose bursts. A wide-mouthed
glass jar may be inverted over the sample, if desired, to contain leakage.
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A maximum-value indicator on the pressure gauge indicates the value
at which the sample bursts.

This device may also be coupled by means of a hose to spray cans,
pumps, pressure vessels, and other units when hydraulic-pressure tests are
required.

Hose friction

The specifications for hose of the WHO Expert Committee on Insec-
ticides 4 require a test for hose friction. Friction, as used in this connexion,
is defined as the force per unit of time required to separate two layers
of the hose over an axial length of 1 inch (2.5 cm).

FIG. 16. TEST APPARATUS FOR DETERMINATION OF HOSE FRICTION
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SECTION A-AL FRONT VIEW

angle: 3/4t X 3/4H X 1/8"; fasten to frame with wood screws
square clamp 1/4"t thick x 1l/4"
screw 1/411 diameterx 3/411 long; weld head to clamp
washer: 8/811 inner diameterx 1" outer diameter; weld to weight-support rod

The force may be applied and the units measured in a variety of ways,
but the holder shown in fig. 16 is a simple device which will aid in this
operation. It may be found convenient to place the hose sample on a

World Health Organization, Expert Committee on Insecticides (1950) Wld Hlth Org. techn. Rep.
Ser. 4. 9
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metal mandrel which is then mounted in a lathe. With the sample rotating
at high speed, a razor blade, or other sharp cutting edge, is used to make
two cuts, 1 inch (2.5 cm) apart, to the desired depth. A longitudinal cut,
parallel to the axis of the sample, is made between the two radial cuts to
the depth desired. One edge of the material is carefully peeled back and the
clamp attached to the loosened edge. An ink mark is made on the loose
flap of hose cover at the point where it is still attached to the body. The
mandrel is placed across the support edges, and weights of desired values
are placed in the weight cage. The rate of separation per unit of time
with a given force (weight) can easily be determined by leaving the weight
applied for the unit of time. The sample is then removed and the length
that has separated from the body is measured with the aid of the ink
starting-mark previously made.

The fiiction test is one of many which may be applied to hose. Results
from this test must be interpreted only after consideration of the results of
other tests. Criteria for acceptance under this test, however, are prescribed
in many hose specifications.

Gaskets, valve faces, and similar non-metallic parts

Sprayer gaskets are frequently subject to attack by insecticides and
solvents for they are often in continual contact with these agents. Un-
doubtedly the strength of the gasket material is adversely affected by this
contact, but strength in tension is seldom required of a gasket. More
accurately, it must maintain its original size and have sufficient compressive
strength to satisfactorily serve its intended function.

It is recommended, therefore, that gaskets, valve faces, and similar parts
be completely immersed for a period of 48 ±0.25 hours in a solvent compar-
able to that intended in ultimate use. If the use is varied or unknown, the
standard hose-test solvent should be used. After removal from the solvent
the sample should be air-dried at 700 ± 100 F (21.10± 5.60 C) for 24 hours.

It is recommended that criteria of acceptance for this test be the ability
of the gasket, or other part, after the application of this test to have such
dimensional stability and strength that it can be readily returned to its place
in the equipment and can serve its intended function under all pressure
tests and normal operating conditions.

Nozzle-orifice erosion

Sprayer nozzle orifices used with insecticides suspended in a liquid may
become enlarged with use due to erosion of the metal by the hard particles
of insecticide or diluent. Such enlargement frequently results not only in
an increased delivery-rate but also in a change of pattern which makes the
nozzle, or nozzle tip, unsatisfactory for use.
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As many as four nozzle orifices may be tested at one time in the apparatus
shown in fig. 17 and 18. The pump, designed to handle liquids containing
suspended particulates, draws liquid from the reservoir and supplies it,
through a pressure-regulating valve and a filter, to the manifold at any
desired pressure. The liquid thence flows through the nozzles under test
back into the reservoir. Sufficient agitation is provided by the flow of
liquid in the apparatus. The suggested test liquid is a 2½02% suspension of
water-wettable DDT. The filter should be cleaned and the test liquid
changed after each 8 hours of operation.

The erosion of an orifice after the passage of a specified volume of test
liquid may be evaluated in terms of the size and shape of the orifice as ob-
served and measured under a microscope. Perhaps a better method, however,
is to evaluate the erosion in terms of the volume delivered in a unit of time.
For the purpose of accurately measuring this volume a solenoid valve may
be used ; it is opened for the selected time interval by an accurate timing
device. When a measurement is to be made in this manner, the nozzle tip
under consideration is removed from its normal position and is inserted
into the nozzle body connected to the solenoid valve. A graduated cylinder
is held under the nozzle and the timer actuated to open the solenoid valve
to permit a measured period of flow. Thus an accurate measure of the
discharge per unit of time may be obtained without the timing errors
inherent in human operations governed by a stop-watch.

It is suggested that a nozzle be considered acceptable under this test if
the volume of flow does not increase more than 10 % after 1,000 US gallons
(3,800 litres) of the test solution have passed through the orifice and if the
pattern is not changed beyond the limits indicated in the following test.

Nozzle pattern

On the basis of a theoretical ideal, fan-shaped spray nozzles used for
the application of residual insecticides should have uniform delivery across
the entire width of the fan. Since no known commercial nozzle is able to
conform to this ideal, it is highly desirable to know the distribution pattern
of any nozzle under consideration. This may be easily determined with the
aid of a nozzle-pattern test apparatus similar to that shown in fig. 19 and 20.
Devices of this sort have been used for some time, but the suggested design
can be constructed at low cost and will give results with an accuracy suffi-
cient for most purposes.

The nozzle under consideration is mounted on the outlet pipe over the
centre of the drainboard. Its elevation over the drainboard is easily adjust-
able within wide limits. Water, oil, or other liquid may be loaded into the
reservoir under the drainboard. Air pressure, adjusted to any desired
pressure by means of a regulator valve, is applied to the reservoir thus
making possible the study of the nozzle at any required pressure. Flow
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FIG. 18. SCHEMATIC PIPING ARRANGEMENT OF NOZZLE-ORIFICE-
EROSION TESTER
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STEEL -WELD SEAMS

SUPPLY TANK

pump: type CDQ-frame 1L2, Robbins & Myers Inc., Moyno Pump Division, Spring-
field, Ohio, or equivalent

solenoid valve: 2-way 1/,11; NC, Valvair Corp., 454 Morgan Avenue, Akron 11, Ohio, or
equivalent
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FIG. 20. OBTAINING THE DISTRIBUTION PATTERN OF A NOZZLE TIP

is started from the nozzle. A short period of time, usually from one-quarter of
a minute to two minutes, is allowed for flow on the drainboard to reach equili-
brium. When the operator is satisfied that the flow is uniform the collecting
rack is tipped forward until it comes against a stop. In this position the drainage
from each of the drainboard valleys, on 1-inch (2.5-cm) centres, falls into a
separate test-tube. Thus the flow from each inch of width of the nozzle
pattern is collected in a separate container. When the tubes collecting the
maximum amount are about three-quarters full the collecting rack is returned
to its original position and the volume collected in each tube read by means
of the scale mounted behind the tubes.

Normally, the general form of a distribution curve is of chief importance.
However, it may be desirable at times to compare the distribution curves,
or patterns, of two or more nozzles. This may be done by using the same
time interval in each test.

The theoretically ideal distribution curve for the application of insec-
ticides would be similar to that of the square shown in fig. 21 (A), assuming
that the nozzle could be moved in such a manner that neither overlapping
nor gaps occurred. The best nozzles available at the present time have,
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FIG. 21. NOZZLE DISTRIBUTION

(A). Theoretically ideal (B) Good practical

(C) Composite of three good distribution curves as applied to a wall

(D) Poor
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when new, a pattern similar to that in fig. 21 (B). Applied by a skilled crew
member, these would give resultant deposits similar to the curve in fig. 21 (C).

Nozzles with poor distribution give curves similar to that shown in fig.
21 (D).

It is recommended that a nozzle be considered acceptable under this test
if, when it is operated at a distance of 18 inches (46 cm) from a surface
and at a pressure of 40 psi (2.7 atm.), its curve of distribution shows a peak
in the shape of a rough plateau, with a width of not less than 14 inches
(36 cm), and its sides show an even rate of decrease without secondary
peaks.

Use of tests

The foregoing techniques and equipment may be used to evaluate the
quality of compression sprayers and allied equipment. The standards
suggested represent, it is believed, the highest standards of equipment
commercially available in the world today ; thus they should be used as a
basis for specifications of sprayers intended for disease-control programmes
where durability is an important factor.

Based on tests such as these, specifications must be prepared with the
proposed function of the sprayer in mind and tests applied only where
needed. A specification based on the standards suggested might call for
equipment which had qualities in excess of needs. Thus the same tests,
with lower standards, might be applied to sprayers with a low use demand.
Similarly, the manufacturer can use the tests to evaluate new designs and
to stress old designs to the point of failure. Used in these ways the tests can
be useful in both design and procurement of equipment at all levels of
quality and purpose.

However, as this phase of the art of testing is aided by experience,
modification and improvement of techniques and equipment may be
indicated. Specifications, based on these tests, will be challenged by the
basic force of industry-namely, the profit motive. Without doubt, loopholes
will be found and penetrated by manufacturers under strong competitive
pressure. If the best of equipment is to be obtained these loopholes must be
closed, as experience determines them, by continued improvement in the
techniques of, and equipment for, testing and by continued revision of the
standards required.

REISUME

Les appareils de pulverisation d'insecticides sont soumis actuellement a des efforts
considerables, qui depassent de beaucoup ceux qu'avaient prevus les constructeurs, au
debut de la fabrication, alors que l'usage des insecticides n'etait ni si intensif ni si repandu.

Devant l'urgente necessit6 de disposer d'un equipement de qualite meilleure que
celui qui etait jusqu'alors en usage, le Comite d'experts des Insecticides, de l'OMS, au
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cours de diverses sessions, a defini des normes concernant les pulverisateurs 'a pression
prealable, les vannes d'obturation, les materiaux chirniquement inalterables, les pulve-
risateurs du type pompe a etrier. Les fabriques d'importance moyenne ne pouvant
assumer les charges d'un contr6le de resistance des materiaux de construction, il s'agissait
d'e1aborer des <#tests d'usage , creant artificiellement les conditions d'usure auxquelles
est soumis l'equipement utilise sur le terrain.

L'auteur decrit en detail les techniques et les normes relatives a un certain nombre
de tests portant sur les caracteres suivants: fatigue des reservoirs metalliques soumis a
des alternances de compression et de decompression, resistance des reservoirs aux chutes
accidentelles, resistance de la pompe 'a la pression interne et externe ainsi qu'au frotte-
ment du piston, resistance a l'usure des vannes d'obturation, vannes 'a pression constante,
fonctionnement des vannes d'obturation, souplesse des tuyaux, resistance des tuyaux a
la pression et 'a la tension, adherence des diverses couches composant les tuyaux souples,
resistance que presentent aux solvants la garniture (presse-&toupe) et d'autres pieces
non metalliques, schema de projection de l'insecticide par les buses. Les normes men-
tionnees dans la description des techniques et de l'equipement, qui figurent dans cet
article, sont les plus elevees auxquelles satisfassent actuellement les appareils que l'on
trouve sur le marche mondial. Elles peuvent servir de base a l'etablissement de specifi-
cations applicables aux pulverisateurs dont on exige une forte resistance A l'usure. Les
tests d6crits peuvent etre appliques, avec des normes moins severes, aux pulverisateurs
destines 'a un usage moins intensif. D'une fagon generale, les specifications seront etablies
en tenant compte de l'usage auquel est destine le pulverisateur. Ces tests peuvent servir
a plusieurs fins, aussi bien pour creer des types d'appareils que pour en fabriquer, pour
tous les usages et de toutes les qualites.
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