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SERIES PREFACE

This manual is one of a series written to make available designs of basic equipment intended to be
made by institutions for their own use in teaching and research in agricultural engineering and
associated technologies.  They are directed at the study of the functional performance of various
machines and items of equipment and particularly at the important elements which determine that
performance.

As well as providing drawings showing the main dimensions of the equipment, the manuals also
include basic theory, design considerations, and techniques for their calibration and use.  The
designs are based, as far as possible, on the use of  industrial components. In addition to specifying
part numbers and sources of supply for purchased components, the latter have also been specified,
where possible, in terms of size / capacity / performance so that suitable alternatives may be used.

A range of types of transducer from simple manually read  devices to more complex electronic
units may be used with the designs. In this way the latter can serve a range of users and can remain
in use as the level of instrumentation grows.

The designs  have been provided by individuals who have had experience in their development and
use. We would value comment, criticism, and suggestions for improvements.

The assistance of the Australian International Development Assistance Bureau in providing
financial support for the original preparation of the material for publication is gratefully
acknowledged. They were originally printed and distributed to interested people by the Editor in
1991.

They are but are now being made available to a wider readership by being republished in a slightly
amended form on the ePrints Repository of the University of Melbourne and can be down loaded
free of charge at: http://eprints.unimelb.edu.au/

The manuals and associated drawings may be freely copied for non-commercial purposes.
However acknowledgement of the source of the designs is requested in any publications resulting
from their use.

                                                             R.H. Macmillan

                                                                                   Editor
Senior Fellow
International Development Technologies Centre
Department of Civil and Environmental Engineering
University of Melbourne
Parkville Victoria  3010 Australia

r.macmillan@devtech.unimelb.edu.au

October  2003
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Table 1 - Glossary  of  Terms

Application rate The quantity of spray liquid applied per unit (gross or overall) area; L/Ha,
Gal/ac.

Boom The structure and, in particular, the pipe by which spray liquid reaches the
nozzles mounted on it; see Figure 1(a) and (b).

Calibration The pressure-discharge relationship for a nozzle/tip.

Discharge rate / output / flow rate / capacity

Flow of liquid per unit time, at a specified pressure;  L/min, Imp (or US)
Gal/min.

Distribution The pattern of the quantity of spray liquid reaching various areas of the target
under a nozzle.

Fan The shape of the sheet of liquid and the resulting droplets emerging from a
nozzle.

Nozzle The fitting including  a body, strainer, tip, etc. forming an outlet on a spray
boom or wand  that causes the liquid under pressure to form into a stream of
droplets.

Pressure Force per unit area within a fluid under static conditions or equivalent;  kPa,
Bar, psi.

Pressure gauge A device to show the static pressure of spray liquid at a point in the system.

Pressure regulator / pressure control valve / pressure relief valve:

Valve to automatically reduce the pressure of spray liquid from that at the pump
to that required at the nozzle.  Excess liquid not required to maintain flow
through the tip is passed back to the reservoir; see Fig. 2 & Fig. 3.

Sprayer A machine / device for spraying crops.

Tip Component having the outlet orifice from the nozzle, the form of which
determines the spray distribution pattern.

•   Flat fan tip A flat fan tip which provides a near triangular distribution pattern.  When
operated with appropriate overlap, it provides a nominally uniform distribution;
see Fig. 1(a). 

•  Even spray tip  A flat fan tip which provides a near uniform (ie, even) band of spray, i.e. with a
rectangular distribution - used for inter-row spraying; see Fig. 1(b).

Travel speed Forward speed of the spray machine;  km / hr.

Wand / lance A hand held pipe with nozzle for manual spraying of crops, particularly trees;
see Figures 1 (d) and (e).
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SPRAY  CALIBRATION  AND  DISTRIBUTION  RIG

SUMMARY

This manual, which is one of a series on locally made equipment for teaching and research in
agricultural engineering, describes a rig for determining the calibration of, and distribution from,
agricultural spray nozzles.

The rig is specified in terms of a basic circuit diagram and  construction drawings; sources of
supply for the components and other data on spray nozzles are also given.  The method of using
the rig is explained, together with the interpretation of the results.

Key words: Equipment, teaching,  research, agricultural engineering, spray rig, calibration,
distribution, nozzles, patternator

A sower went out to sow . . . and some seed fell among the thorns . . .
The Bible, Matthew 13:4,7

1.0INTRODUCTION

1.1 Background

Crop spraying for weeds, pests and diseases is a part of modern agriculture.   While alternative
methods for control of these problems are desirable, these are not yet available for all field crops.
Spraying is therefore necessary, so it is important that it be carried out as effectively as possible.
This means using as little spray material as is necessary to control the problem and spraying the
material uniformly over the target area.

Spraying involves pumping liquid (usually water) containing the active ingredient through a
nozzle* with an appropriately designed tip .  As the liquid leaves the tip under pressure, it forms a
thin sheet which breaks up into a series of fine droplets. These spread out in a flat fan or in a
conical shape.

Ground operated sprayers are built in many forms according to:

(i) the 'size' of the crop or target:
• nozzles on a boom for bare soil or low growing crops:

* full cover for bare ground or low, closely growing crops  -  Figure 1(a)
* band spray for spraying between row crops  -  Figure 1(b);

• nozzles in a group surrounding the plant for taller crops  -  Figure 1(c);

• single nozzle on a wand  for hand spraying of plants of any size, e.g.
* low growing crops  -  Figure 1(d)
* taller plants and trees  -  Figure 1(e).

(ii) the method of operating the spray equipment:
• hand operated knapsack;
• engine driven back-pack or hand operated cart;
• tractor mounted and/or driven machine.

                                                
*  NOTE:   Words in bold type are defined in the Glossary of Terms, Table 1.
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Figure 1: Types of spraying systems
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1.2 Functional performance

Two aspects of a spray nozzle may be used to represent its functional performance;  these are its
calibration and its distribution.  The equipment described in this manual can be used to
determine both of these characteristics.

The calibration is the relationship between pressure and discharge rate for the nozzle.  This is a
simple measurement, as described in Section 3.2, Spray Nozzle Calibration.

Distribution is the pattern of the quantity of spray liquid reaching various areas of the target under a
nozzle.  Its measurement is generally a more difficult task, particularly for the spraying systems
represented in Figure 1(c) to (e).

However, for a spray boom, which is usually operated with low growing crops or bare soil, as
shown in Figure 1(a) and (b) respectively, the measurement of the distribution is simpler.  For such
spraying, the target is effectively a flat plane (two dimensional) surface.  Hence the test, as
performed on the rig described in this manual, is an idealization of the field situation;  it will
probably represent the best performance that could be expected.  It will show the basic
characteristics of the nozzle and how these combine to give the characteristic of the whole machine.

The distribution of spray material from machines spraying tall plants (Figure 1(c)) and into trees
(Figure 1(e)) depends on the form of the plant or tree and on the environmental conditions such as
the wind.  For hand held wands (Figure 1(d) and 1(e)), the distribution also depends on how the
wand is moved by the operator.  It is therefore not possible to make a simple measurement of the
distribution that will characterize the nozzle or its location and movement.  For such spraying
operations, it is necessary to make individual measurements in the actual plant or tree.  This is
usually done with small cards placed in the canopy that represent the leaves as the targets.  The
quantity of spray reaching various parts is then measured by counting and measuring the droplets
on the card.  Alternatively, the drops of liquid containing a dye can be washed off and the quantity
measured by colorimetric or other methods.  These techniques which are described in the literature
are not considered further in this manual.

The rig described in this manual is suitable for the calibration of any type of nozzle, but, for the
above reasons, it is limited to the measurement of spray distribution from nozzles intended to be
used on boom type sprayers.
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2.0 AGRICULTURAL  BOOM  SPRAYER

Figure 2 shows a typical circuit diagram for an agricultural boom sprayer for spraying field crops.
It consists of a tank holding the spray liquid which is pumped under pressure to an adjustable
pressure regulator or control valve.  Here the pressure of the liquid flowing to the spray nozzle is
kept at a constant (but adjustable) value;  the excess liquid flows back to the tank through a return
pipe.

In designing such a sprayer, it is necessary to consider the following variable:

• Nozzle spacing on the boom;  this is usually a standard value, viz, 500 or 1000 mm (20 or 40
inch) and, for a given machine, is not usually adjustable.

In operating such a sprayer, it is necessary to consider the following variables:

• Boom height  -  the boom is usually operated at a standard height above the target as
specified by the nozzle manufacturer;  this is usually in the range 350-600 mm (14-24 inch).

• Discharge rate from the nozzle  -  for a given tip and for common water based sprays this
depends only on the pressure.

• The travel speed  -  this is usually held constant.

• The concentration of the active ingredient in the spray mixture.

For a given spray mixture and a required areal application rate (litre/hectare; gallon/acre), either
the flow rate from the nozzle or the travel speed can be chosen and the other variable can be
calculated.  If the travel speed is chosen (according to the tractor gear and terrain conditions), the
required discharge rate can be determined.  This flow rate will be obtained by setting the
appropriate pressure, as determined in the nozzle calibration discussed later.  The pressure and
travel speed must then be kept constant at these values if the desired application rate is to be
achieved.

In practice the operation of a sprayer, set up according to the manufacturer's data as described
above, would be expected to deliver a known quantity and a uniform distribution of spray material
on the ground or target surface.

However, the two characteristics discussed may be checked by the operator to ensure that the
machine and its components (and, in particular, the nozzle tips) are performing satisfactorily:

• The calibration of the nozzle is determined by  measuring the pressure of the spray liquid at
the nozzle and the discharge rate from it.

• The distribution from the nozzle is determined by measuring the quantity of spray liquid
from the nozzle reaching various areas over a horizontal surface.

These measurements may be done on a field sprayer, but the principles involved may best be
studied using the Spray Calibration and Distribution Rig described below.
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Figure 3: Circuit diagram for spray calibration and distribution rig

Reference numbers refer to parts on Drawings Nos 4/1 and 4/2
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3.0 SPRAY  CALIBRATION  AND  DISTRIBUTION  RIG

3.1 General

The spray rig has the same basic components as a typical field sprayer.  It consists of a supply
tank, pump, pressure regulator, on-off valve, hoses, pressure gauge and nozzle body into which
various nozzle tips can be fitted.  A circuit diagram is shown in Figure 3.

In addition, the rig has a surface or 'patternator' for catching liquid coming from the nozzle.  It is so
called because it measures the 'pattern' or distribution of the spray liquid, as would occur on a plane
horizontal surface such as the bare ground or a low growing crop.  This patternator is constructed
in the form of a series of 50 mm wide 'V' shaped channels.  From these, the liquid flows into a
series of small graduated measuring cylinders where the quantity falling on each channel section of
the surface can be measured.  These quantities represent the distribution across the width of the
pattern.

Any suitable tip may be fitted to the rig for calibration purposes.  However, the use of the rig to
determine the distribution of spray should be limited to either 'flat fan' or 'even spray' tips that are
intended to be used for spraying onto flat surfaces such as the ground.

The rig is able to simulate an actual sprayer and, as such, has the advantages and disadvantages of
this type of rig, as discussed in the introductory manual to this series ('An Introduction to Practical
Work and Report Writing', Manual No.8).  Being a purely mechanical system, its characteristics of
repeatability are excellent.  For example, the pressure values can be repeated accurately from test to
test and the effect of wind is negligible if the test is run indoors.  However, the rig only allows the
calibration and the macro-scale distribution of the nozzle to be determined.

The distribution at the intermediate and micro-scale (less than the width of the patternator trays  -
50 mm) and the effect of the actual target surface on the distribution cannot be determined.  Nor
does the rig give any information on the overall performance of the machine into which the nozzle
might be fitted.  This is a function of the adjustment, the dynamics and operation of the machine
and of the environment in which it is operated.  Such information would have to be obtained from
the testing of the complete machine under field conditions.

The rig has been designed to be one metre square so that one 800 nozzle operated at its correct
height can be tested at one time.  It would, however, be possible to make the rig two metres in width.
This would allow two nozzles to be set up and the distribution between the nozzles to be checked,
as discussed in Section 3.3 below.

The construction details of the rig are shown in Drawings No 4/1, 4/ 2 (Appendix 2), the associated
Parts List (Table 5), Appendix 2.  Sources of Supply  are shown in Appendix 3.  A description of
the various aspects of the construction of the rig is given in Appendix 4.
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Table 2: Typical calibration data for spray nozzles

       
Pressure Disch. Rate  Pressure       Discharge Rate 

       
Bar kPa L/min  PSI Imp. Gal/min US Gal/min

BCPC No. F80/0.8/3; Lurmark Tip No. 02-F80   
1.5 150 0.560    
2.5 250 0.730 35 0.158 0.190
3.0 300 0.800 40 0.168 0.202
3.5 350 0.864 45 0.179 0.215
4.0 400 0.924 50 0.187 0.224
4.5 450 0.980 60 0.203 0.244

BCPC No. F80/1.6/3; Lurmark Tip No: 04-F80   
1.5 150 1.130    
2.0 200 1.306 30 0.290 0.348
2.5 250 1.460 35 0.316 0.379
3.0 300 1.600 40 0.336 0.403
3.5 350 1.728 45 0.358 0.430
4.0 400 1.847 50 0.375 0.450
4.5 450 1.950  60 0.411 0.493
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Figure 4: Calibration curves for nozzles shown in Table 2
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3.2 Spray nozzle calibration

Calibration of a nozzle requires the measurement of the discharge rate at various pressures.

The manufacturers of spray nozzles quote these values in their nozzle catalogue.  Table 2 gives a
tabulation and Figure 4 gives a graph of the calibration of two typical nozzles (02 F80 and 04 F80)
taken from the manufacturer's data (Lurmark).

However, it is desirable in studying sprayer operation and in setting up a field sprayer to check the
manufacturer's specification, i.e. to measure these discharge rates and plot them against pressure.

This can be done on the rig as follows:

(i) Fill the reservoir with water and switch on the pump.  Ensure that there is no air in the hoses
by allowing it to pass out through the nozzle.  If necessary, fill the suction hose with water
before placing it in the reservoir;  then turn on the pump.

(ii) Set the lowest recommended pressure at the nozzle (e.g. 200 kPa) by adjusting the pressure
regulator.

(iii) Place a one litre graduated measuring cylinder under the nozzle to catch all the liquid.  At the
same time, start measuring the time with a stop-watch or a watch with a sweep second-hand.

(iv) Before the cylinder is full, remove it from under the nozzle;  at the same time, stop the watch
or read the time.

(v) Note down the pressure, the volume in the cylinder, and the time period elapsed.

(vi) Repeat for other pressures, in steps of say 50 kPa, up to the maximum recommended for the
nozzle (e.g. 450 kPa).

(vii) Calculate the flow rate (litre/minute) for each pressure.

(viii) Plot a graph of discharge rate (litre/minute) versus pressure (kPa) as in Figure 4.

(ix) Plot the manufacturer's data on the same graph sheet.

(x) Compare the results.  Consider what factors might have caused any differences between the
experimental results for the actual nozzle tested and the manufacturer's specification for the
nozzle type.

(xi) Fit  a power law to the data by plotting the logarithms of the data on linear graph paper or the
data directly on log-log graph paper or using a computer spread sheet. Determine the
parameters ('constants') A and n in the equation:

Discharge rate   =   A x (Pressure)n

(xii) Compare the result with theory for flow through an orifice;  account for any differences.
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Figure 5: Effect of overlapping patterns on overall distribution
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3.3  Spray distribution

Where it is intended to provide a uniform coverage of spray material over the whole target area, the
actual distribution (quantity per unit area) is of interest.  This may be measured by means of the
patternator described above.  The quantities of spray falling on each small area (50 mm wide) are
caught and measured separately, giving in effect a histogram of the spray distribution in the
measuring cylinders.  This is recorded for later analysis;  see Figure 3.

Sprayers that are set up to provide such uniform coverage use 'flat fan' spray nozzles designed for
that purpose.  These nozzles are arranged on the boom at such a spacing and the boom is operated
at such a height that the patterns overlap, as shown in Figure 1(a) and Figure 2.   Changing the
spacing of the nozzles on the boom or the operating height of the boom will alter the extent to
which the patterns overlap and hence the overall distribution of the spray liquid.

The distribution from a single nozzle may be measured as follows:
(i) Set up rig as described in Section 3.2 (i) above.

(ii) Set the nozzle holder so that the tip is at the correct height above the upper surface of the
patternator tray.  Refer to the manufacturer's specification quoted in Table 3, Appendix 1.

(iii) Set the nozzle so that the plane of the fan is at right angles to the channels in the patternator.

(iv) Start the pump and set the pressure at the nozzle by adjusting the pressure regulator.  Choose
a value within the working range of the nozzle.  Refer to the manufacturer's specification
quoted in Table 2.

(v) Run the rig for a few minutes before beginning measurements. When there is steady flow
from the channels, turn the measuring cylinders under the outlet tubes of the patternator.

(vi) Before the tubes are full, pivot the measuring cylinders to the vertical position.

(vii) Note the quantity in each  cylinder.

(viii) If it is desired to determine the effect of pressure on distribution, set other pressures within the
range recommended by the manufacturer for the particular nozzle.  Repeat the above steps.

Having determined the distribution from one nozzle by measuring the quantities in each of the
measuring cylinders, these should be plotted on a histogram, as shown in a simplified form in
Figure 3.  In an actual sprayer, the distribution pattern from one nozzle overlaps that from the
adjacent nozzle on each side.  To determine the overall effect of the nozzles, it is necessary to
overlap the histograms so that the total from the two or, if appropriate, three nozzles is obtained.

This is shown (in principle) in Figure 5.   If we assume that all nozzles are the same as the one
tested, we can take the distribution pattern with histogram elements shown as 1, 2, ..., 7 and add 1 to
7 for the first overlap.  The total of the two patterns as shown in Figure 5(a) is clearly very non-
uniform.  The patterns are overlapped one further step, i.e. element 1 is added to 6, and 2 to 7.  This
is an improvement (Figure 5(b)), but is not optimum.  The process is repeated until the best
distribution is obtained, as in Figure 5(d).  In practice, it is usually sufficient to overlap the patterns
for nozzle spacings from just less than the manufacturer's recommendation to just greater than it.

To calculate how uniform the overall distribution is, it is possible to determine the coefficient of
variation of the sum of the values obtained by adding the two histograms.  This is done by
calculating standard deviation of the values divided by the mean.  If the coefficient is then plotted
against the nozzle spacing, a graph similar to that shown in Figure 6 will be obtained.  The spacing
giving the most uniform distribution can then be seen and this value can then be compared with the
value recommended by the manufacturer



Locally Made Equipment for Teaching & Research in Agricultural Engineering : R.H. Macmillan

14

0

5

10

15

20

25

30

350 400 450 500 550 600

Nozzle Spacing, mm

C
o
ef

f.
 o

f 
V

ar
ia

ti
o
n,

 %

  Manufacturers recommendation

Figure 6: The effect of nozzle spacing on uniformity of spray distribution

4.0  EXTENSION TO OTHER MACHINES

This same logic can be applied to any agricultural machine that laterally spread seed, fertilizer or
other material in a triangular or trapezoidal pattern. The question for the operator is what 'bout'
(travel) spacing (equivalent to nozzle spacing above) to use.

If an individual pattern can be measured (by catching the material in trays) the optimum bout
spacing can be determined by successively overlapping the patterns either manually or on
calculator or computer and calculating the resultant distribution and its variability. The
variability will decrease to a minimum which will give the optimum overlap and hence desired
bout spacing.
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APPENDIX  1

SPRAY  TIP  SPECIFICATION

Nozzles are specified according to four parameters, as follows:
1. Nozzle type:  flat fan, even spray, hollow cone, etc.
2. Spray angle:  included angle (o) of the spray fan (if known) at rated pressure.
3. Nozzle discharge rate:  output (or flow rate or capacity) (L/min, Imp. gal/min, US gal/min) at

rated pressure.
4. Rated pressure:  pressure (Bar, kPa, psi) at which nozzle output and angle is specified.

Nozzles of different flow rate may also be of a different colour.

Different manufacturers and the British Crop Protection Council (BCPC) have different ways of
expressing the code by which spray tips are specified.  In the examples given in Table 3, the code
detail corresponds to the underlined part of the specification.

Table  3:  Typical spray nozzle specification codes

Code Type Angle Discharge Rate Pressure
Brit. C. P. Code F80/0.8/3 Flat fan 80 0.8 L/min 3 Bar
Manufacturer
Lurmark 02-F80 Flat fan 80 0.2 US Gal/min 40 psi
Hardi 2080-14 Flat fan 80 0.2 US Gal/min 40 psi
TeeJet 8002 Flat fan 80 0.2 US Gal/min 40 psi
Delevan LF 2-80 Flat fan 80 0.2 US Gal/min 40 psi

Table 4:  Guide to Equivalent Nozzles  -  800 Tips Flat Fan

British Crop                             Lurmark          Hardi Teejet Delevan
Protect. Code      Code      Colour  

F80/0.40/3  01-F80  Pink  2080-10 8001  LF 1-80
F80/0.60/3  015-F80  Light Brown  2080-12 80015  LF 1.5-80
F80/0.80/3  02-F80  Orange  2080-14 8002  LF 2-80
F80/1.20/3  03-F80  Red  2080-16 8003  LF 3-80
F80/1.60/3  04-F80  Cambridge Blue  2080-20 8004  LF 4-80
F80/2.00/3  05-F80  Yellow  - 8005  LF 5-80
F80/2.40/3  06-F80  Lime Green  2080-24 8006  LF 6-80
F80/3.20/3  08-F80  Moss Green  2080-30 8008  LF 8-80
F80/4.00/3  10-F80  Royal Blue  2080-36 8010  LF 10-80
F80/6.00/3  15-F80  Emerald Blue  - 8015  LF 15-80
F80/8.00/3  20-F80  Olive Green  2080-50 8020  LF 20-80

Recommended:
Height mm(in) 600(24)  450(18) 450(18) 450(18)
Spacing mm(in) 500(20)  500(20) 500(20) 500(20)
Notes:
      1. Refer Table 2 for explanation of codes.
      2. Equivalent nozzles generally have the same output at the same pressure 
          but droplet size distribution may vary. 
      3. Addition of E means 'even' spray tip.
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APPENDIX  2: DRAWINGS

Table 1:  Parts List

                                   PARTS     LIST             
Item Name Material or description Reqd

A Main frame group
A1 Main frame Mild steel (MS) angle, 38x38x3, 25x25x3 1
A2 Stay MS angle, 25x25x3 2
A3 Clamp - nozzle pipe 20(3/4) ID pipe, 150 long 1
A4 Clamp bolt Nut and bolt with cross bar 2
A5 Adjusting foot Bolt and nut, 10(3/8)x25 long 2
B Patternator group
B1 Patternator frame MS angle, 25x25x3 1
B2 Patternator tray Gal. S sheet, 0.45 (26Ga) 1
B3 Drain Cu tube, 10 OD; length to suit group D 20
C Sump group
C1 Sump frame MS angle, 25x25x3 1
C2 Sump & outlet Gal. S sheet, 0.45 (26Ga); Gal pipe to suit C3 1
C3 Hose, sump to reservoir 12 ID; length to suit 1
D Measuring cylinder group
D1 Cylinder support frame MS angle, 25x25x3; MS bar 12 D 1
D2 Cylinder frame bracket MS bar, 38x12; MS angle, 25x25x3 2
D3 Measuring cylinder 50 mLx25 D (app); see Appendix 3 20
D4 Cylinder clamp - top Wood, 12x60 (app) 1
D5 Cylinder support - bottom     "          "         " 1
D6 Handles/counter weights MS rod, 25 D; 275 long approx. 2
D7 Washer 12 ID 2
E Nozzle group
E1 Elbow 10(3/8) ID Gal. pipe 1
E2 Nozzle support       "      "    "      " 1
E3 Tee       "      "    "      " 1
E4 Nipple 10(3/8) ID Gal. pipe 1
E5 Nozzle body (inc. check valve) See Appendix 3 1
E6 Lock nut    "        "         " 1
E7 Tips (2 sizes)    "        "         " 1
E8 Bush 10(3/8) to 6(1/4) Gal. pipe 1
E9 Pressure gauge See Appendix 3 1
F Pump / motor group
F1 Pump/motor See Appendix 3 & Fig. 3 1
F2 Filter   "            "         "        " 1
F3 Pressure regulator   "            "         "        " 1
F4 Hose, pump suction 12 ID, length to suit; see Appendix 3 & Fig. 3 1
F5 Hose, pump to regulator   "            "         "        "        "        "        " 1
F6 Hose, regulator to nozzle support   "            "         "        "        "        "        " 1
F7 Hose, return to reservoir   "            "         "        "        "        "        " 1
F8 Hose connector 10(3/8) pipe to suit 12 ID hose 4
F9 Reservoir 20 Litre 1
G Miscellaneous
G1 Bolts & nuts 6 or 10 D, Gal; length to suit 15
G2 Screws - metal thread 4D (app) 8
G3 Screws - wood Round head 4
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APPENDIX  3

SOURCES  OF  SUPPLY

1. Measuring cylinders:

Item No Description                       Part  Nos

Crown Bibby
Scientific

D3 Measuring cylinder
Glass (body only, without base) 3205/09 3205/09
Polypropylene (with base) F28454

The above parts are available from the following:

• Crown Scientific Pty Ltd
144 Moorebank Avenue
Moorebank,  New South Wales  2170,  Australia.
Tel:  (02) 602 7677   Fax: (02) 821 1817

• Bibby Science Products Ltd
Stone,  Staffordshire ST15 0SA,  England.
Tel:  (0785) 812121;   Telex:  36226

Equivalent parts are also available from a range of other suppliers/manufacturers.

2. Spray rig components:
Part Nos

Item No Description Silvan Lurmark

E5 Nozzle body & check valve (complete) LP-1082 12 EF 1082

E6 Lock nut 25 LN 1032 25 LN 1032

E7 Nozzle tips (see Tables 1, 2 and 3) LA 80 - 002 02 - F80
LA 80 - 004 04 - F80

E9 Pressure gauge, 0 - 5.5 Bar, (0 - 80 psi ) C 99-201 360 - 060 G
(Dual calibration)

F3 Pressure regulator - diaphragm type 430Q2430 430Q2430
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The above parts are available from the following:

• Silvan Australia Pty Ltd
     89 Lewis Road, Wantirna South,  Victoria 3152,  Australia

Tel:  (03) 9887 2788;   Fax:  (03) 887 1035

• Lurmark Limited
Longstanton,
Cambridge, Cambs CB4 5DS,
England.
info@lurmark.co.uk
http://www.lurmark.com

Equivalent parts are also available from a range of other suppliers/manufacturers.

3. Pump and motor:

Any motor and pump giving 2 Litre per minute at 450 kPa (4.5 Bar), (0.5 Imp gal per min
at 60 PSI) would be suitable. The following are typical:

                   Part Nos
Item No Description Silvan SHURflo

F1 12  Volt DC   8000-543-136 8000-543-136
115Volt AC 8000-563-136 8000-563-136

 230Volt AC 8000-573-136 8000-573-136

F2 Filter 361-170-061-00 170-061-20

These are available from the following:

• Silvan Australia Pty Ltd
     89 Lewis Road, Wantirna South,  Victoria 3152,  Australia

Tel:  (03) 9887 2788;   Fax:  (03) 887 1035

• SHURflo International Ltd
The Old Forge,
36 West Street
Reigate, Surrey GU1 1EL,
England.
Fax: 01737  242290.

Equivalent parts are also available from a range of other suppliers/manufacturers.

APPENDIX 4

Discharge rate and pressure conversion chart

     DISHARGE  RATE             PRESSURE 
L/min Imp Gal/min US Gal/min PSI Bar kPa Atmos.
1.000 0.220 0.264 1.000 0.069 6.895 0.068
4.546 1.000 1.200 14.503 1.000 100 0.987
3.785 0.833 1.000 0.145 0.010 1.000 0.010

14.696 1.013 101 1.000
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APPENDIX  5  -  DESCRIPTION  OF  RIG

The rig is described in terms of a series groups that are listed below and referenced with respect to
the items shown on the drawings 4.1/1 and 4.1/2 (pages 12 & 13), the parts list Table 5 and Figure
3 which shows a circuit diagram, particularly for those parts not shown on the drawings.

*  Main Frame Group  -  Item A.   
This is welded together from 38 x 38 x 3 and 25 x 25 x 3 mm (or similar) mild steel angle.  Other
sections such as rectangular hollow may be used;  such material could be one size smaller.  Two
adjustable feet are included to allow the rig to be supported without rocking on an uneven floor.

*  Patternator Group  -  Item B
This consists of a tray or 'patternator' with 'V' shaped channels with an associated supporting frame.
The tray is made by bending up a sheet of galvanised steel to form the Vs and soldering ends onto
it.  The drainage tubes of copper or similar are also soldered in at the base of the Vs.  The
patternator is sloping to allow the liquid to drain to the front.

The patternator group (B) is pivotted at the main frame to allow the rig to pass through a narrow
doorway;  two stays (A2) from the main frame to the rear of the patternator frame locate the latter in
its working position.

Although the 20 Vs which form the patternator are given a nominal dimension of 50 mm, the overall
width of the tray may be somewhat greater or less than 1000 mm.  It is therefore recommended that,
in making these parts, the patternator tray (B2) is made first.  Its supporting frame (B1) and the
main frame (A1) are then made to suit.

*  Sump Group  -  Item C.
This is comprised of the frame and the galvanised steel sump resting in it.  The liquid that drains
from the patternator channels above, and that which is emptied from the catching cylinders, is
drained back through the sump to the reservoir through an appropriate hose.

*  Measuring Cylinder Group  -  Item D.
This group is mounted on a 12 mm dia. bar that pivots on two brackets (D2) that  are bolted onto
the sump frame.  To allow the dismantling of the group, if necessary, it is recommended that the
handles (that also serve as counter weights) are tack welded to the pivot bar.  They should be
located in a vertical position when the measuring cylinders are also in the vertical position for
reading the quantity of liquid in the cylinders. Wooden strips (D4 and D5) which bolt to the frame
(D1) are used to support and clamp the measuring cylinders (D3).  If polypropylene cylinders are
used, it will be necessary to remove the base by cutting and/or grinding on a coarse wheel.
The frame holding the measuring cylinders may be pivotted to one of three positions:

• under the outlets to allow filling from the patternator tray;
• vertical in the position for reading the quantity in each;
• down toward the back to allow emptying into the sump.

Stops (not shown) may be welded onto the frame (C1) to limit the travel of the cylinder support
frame and hence to locate the cylinders in the correct position for filling.

*  Nozzle Support Group  -  Item E.
This group is clamped to a short length of pipe (A3) welded to the main upper cross member.  It
forms the mounting for the nozzle body and the associated pressure gauge etc. (Items E2 - E9).
The group is adjustable for height above the patternator tray to suit the various nozzle tips.

*  Pump/ Motor and Hose Group  -  Item F.
This group, which is separate from the main frame, allows liquid to be pumped from the reservoir
through the pressure regulator to the nozzle support group.

*  Miscellaneous  -  Item G.
Bolts, nuts, screws, clamps and other  minor items necessary for the assembly of the rig are
suggested, but may be varied according to local supply.
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