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1.0 kilogram 2.205 pounds

1 litre/ha 0.107 US gallon/ac
1 Newton metre 0.74 Ibft
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Introduction

Liquid function diagram for the HARDI RANGER sprayer from 2014
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Foreword

Dear Reader,

Most people are fascinated by modern agricultural sprayers. The huge size and
automation of nearly everything is truly remarkable and almost incredible if we go self-
steering, self-propelled sprayers.

Strangely enough, the basic composition of a sprayer has not changed much over the
last 60 years. It still comprises of a pump, controls, tank, frame, filtration and nozzles.
The components have been refined but not the composition.

You are probably about to read this book because you are involved with service and
support for the HARDI customer. This book is written to give you a basic understanding
of the HARDI sprayers. It is divided into chapters that will guide you through the
sprayer, component by component that, in the end, will help you understand the
complete sprayer.

The chapters follow the divisions of the HARDI parts catalogue and start with pumps as
thepumpi s t he @ hear tThistextbook dse indudes @oyzke basics as the
nozzle is the deciding component, t h e iffydu fike, fonspray quality before the
liquid leaves the sprayer.



The chapters may also contain some historical content as an aid to help you understand
the present products.

A chapter on the principles of fault-finding technique is also included. This will hopefully
minimise your on-farm time and maximise the customer satisfaction.

The final chapter addresses identification of the HARDI sprayers. It includes part
number logic, symbols and identification of older models. The model identification might
be of help in finding the correct parts for these older models.

This book mainly addresses broad-acre field sprayers although vineyard and orchard
sprayers are mentioned.

It is also used as background material for the HARDI basic training courses and in
conjunction with a slide series used on these courses.

The HARDI world started in 1957. We make sprayers from the ground up and know
nothing else but sprayers and spraying. This makes us both sprayer specialists and the
best ally a customer can have and vulnerable should we not live up to customer
expectations. It forces us to be pioneers in the world of agricultural application
techniques and machinery and we enjoy this challenge.

We hope you also enjoy the challenge and welcome you to our HARDI world.

About the author

Anthony Facchin was born in 1956 in Horsham, a country town in the middle of an Australian farming
community. After completing studies in agriculture, Anthony Facchin worked on Australian, Canadian and
Danish farms and then settled into an Australian business supplying agricultural pesticides and spray
equipment. With a flair for technique, he started a 2-year apprenticeship with HARDI in Denmark, and
after this he returned to Australia to work for a HARDI importer.

In 1985, Anthony returned to HARDI in Denmark where he worked in Technical Service, Product

Management, Export and After Market. In 2010, Anthony was appointed manager for HARDI Academy in
Denmark for the Global Marketing Group.
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Pumps

Basic models

322324

Range and Identification

The HARDI company is founded on the diaphragm pump and started the business in
1957. The concept of a simple, robust pump with dry sump and cast iron crankcase and
covers has not changed. There are now 7 basic models. The above diagram is from the
A900 pages of the HARDI Parts Catalogue (EPC).

Model base names are 500, 600, 320, 1200, 1300, 360 and 460.
With updates, the last digit has changed, e.g. model 500 is now called model 503.

The pumps only have 1, 2, 3, or 6 diaphragms or diaphragm covers.
1 for 500-503 model pumps
2 for 600-603, 320-321 and 1200-1203 model pumps.
3 for 1300-1303 model pumps.
6 for 361-364 and 460-464 model pumps.

The older series of pumps, models 500, 600, 1200, 1202, 1300, 1301 and 1302 have
imperial thread. The newer series of pumps which include 503, 603, 1203 and 1303 are
metric. They are recognized in the naming of the pump ending with i 0 3Tbe.liquid
connections are always British Standard Pipe (BSP) inch thread. The pump capacity
between old and new has not changed but all parts related to the thread and bolt sizes
will have new reference numbers.

-11 -



Pumps

Versions

Model variants

Valve cover

E.g., Model 503

Valve
Variants: Cover
» Stroke

« Revolutions Bliaghragr

« Crankshaft type

» Diaphragm (material) Connecting rod

Bearing

Stroke and revolutions

Models have different versions e.g.:
1 Crankshaft type
91 Diaphragm (material)

Stroke

Usually it is stamped on the crankshaft. Pumps with 3, 4, 5 or 6
mm strokes are typically for 2000 r/min applications.

Pumps with 7, 9, 10 or 12 mm strokes are typically for 540 r/min
applications.

Revolutions

The rule is the higher the r/min, the shorter the stroke. This
maintains the same capacity but reduces mechanical damage
to the diaphragms.

Conical shafts are usually on 540 r/min pumps. Note that it is
not necessary to operate the pump at 540 r/min if the pump
capacity is not required for the particular task.

Pumps with 6 spline crankshafts are for 540 r/min and those with 21 splines are for
1000 r/min.

-12 -



Pumps

Crank and transmission shaft

Crankshaft and transmission shaft
Crankshatft type
Conical, splined and straight shafts are used.
1 Conical (or tapered) shafts are used on the 1, 2 and 3 diaphragm pumps.
1 Splined shafts are on the 6 diaphragm pumps and on some Model 321 pumps.
1 Cylindrical (straight) shafts are used on the 1, 2 and 3 diaphragm pumps which
are usually powered by a stationary electrical or combustion engine.

Some pumps have through-going crankshafts to power auxiliary equipment like a
hydraulic pump.

Tractor power take-off (PTO)

The PTO usually supplies the mechanical power to the sprayer and is connected to the

sprayer with a transmission shaft. The spline type may vary.

The standard 540 r/min shaft has 6 splinesandis 1% i n di ameter. Newer
higher revolutions and power applications are found on larger tractors. A 21 spline 1%/50

diameter transmission shaft is also available. Some Soviet and Chinese tractors have 8

splined shafts that rotate at 540 or 720 r/min.

Splined HARDI transmission shafts are available in 6 or 8 spline for 540 PTO r/min and
21spline 1000 PTO r/min.

If a PTO drive is not available or desired, the pump can be hydraulically driven.

-13-



Pumps

Synthetic materials

Diaphragms
Diaphragm and O-ring material

Historically many materials were available for diaphragms. Today, there are basically 2
versions, polyurethane (PUR) or Nitrile.

O-rings requiring a high resistance to pesticides are supplied in a material called Viton.

Material Usage Colour Advantage Disadvantage
Polyurethane Standard for Yellow Good all round value Poor UV resistance
diaphragms Low cost
Some O-rings
Nitrile Option for Black Good mechanical Poor chemical resistance
diaphragms resistance with alkaline and petro-
Some O-rings Good heat resistance chemical liquid
Low cost
Viton © O-rings Green, High chemical Low mechanical resistance
(Registered brown resistance High cost
trade name of matt
DuPont) black

-14 -




Pumps

Syntax for pump description

1

2 3 4 2

6

7

&

464 [12.0-322 /340 -15 bar-5 -2 /1% + notes

00 =] 07 N = Q3 M =

- Model

_ Stroke in millimetres
- Capacity in IY'min at 0 bar and normal r/min
- Normal working r/min

- Maximum pressure in bar
. Crankshaft type:
- Inlet/outlet in inches
- Notes

S for Spline

C for Conical

¥ for Cylindrical

Syntax of pump description

The pump identification follows a set syntax.

1. Model
2. Stroke (in mm)
3. Capacity in litre/minute at 0 bar and at normal nominated revolutions
4. Normal working revolutions (although the pump can operate at lower revolutions)
5. Maximum pressure in bar
6. Crankshaft type, being either, spline, conical or cylindrical
7. Inlet and outlet thread dimensions in inches
8. Notes, e.g. whether the pump is for hot liquids
Pump specification for 1303/6.0.
1/min 300 400 500 540 600 700 800 900 1000 1100 1200
bar I/min | KW | Vmin | kW | I/min | kW l/min | kW | Umin | kW | I/min| kW | I/min | kKW | I/min | kW | I/min | KW ] lI/min | kW
0 4 (09 54 112 70 15 82 |18 94 |24 106 (24 | 122 | 26 ] 136 | 3.0 1561 |33 ] 165 [ 36
2 38 |08 51 1.2 64 15 75 1.8 86 | 24 98 |24 | 109 | 27 ) 122 | 30 134 | 33| 146 | 36
4 37 |10 49 113 62 1.6 73 19 83 |22 94 |24 | 104 | 27 ] 116 | 34 130 | 33| 138 | 36
a, 6 3k [1.0 48 113 60 1.6 70 [20 81 2.3 91 |27 | 101 | 3.0 143 | 33 124 136] 133 [ 44
© 10 M [ 14 46 |14 57 1.8 67 [22 77 [ 26 87 3.0 97 33 108 [ 37 147 [ 44] 128 | 46
a 15 33 |14 44 |17 54 2.2 64 2.7 73 | 34 82 |36 92 41 103 | 45 113 | 49| 123 | 53
g PSI gpm | Hp | gpm | Hp | gpm | Hp gpm [ Hp | gpm | Hp | gpm [Hp | gom | Hp | gom | Hp | gpm | Hp | gpm | Hp
- 0 108 (12 | 143 [ 16] 185 | 20 216 |24 | 248 | 28 28032 [ 322 | 35| 359 [ 40 ] 399 44]436 |48
29 100 |12 | 135 | 16] 169 | 20 198 |24 | 227|238 259 /32 | 288 | 36 ] 322 |40 ] 354 | 44]385 |48
58 98 [13 ] 129 |17 ]| 164 | 24 193 [25 | 219 | 3.0 248 (32 | 275 | 36 ] 306 | 42 343 | 44| 364 | 48
88 95 |13 127 | 17] 158 | 24 185 |27 | 214 | 34 240 |36 | 267 | 40) 298 [ 44 ) 327 48] 354 [ 55
147 90 |15 ] 121 [19])] 15.0 | 24 177 |30 | 203 | 35 23040 | 256 | 44) 285 |50 ) 309 | 55]338 |62
220 87 |19 ] 116 23] 143 | 3.0 169 |36 | 193 |42 21648 | 243 | 551 272 [ 60 | 298 66 ] 325 [ 74
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Pumps

Identification plate of a Model 464 pump

Identification

1. Model / mm stroke

Max. operation revolutions
Identification number
Capacity

Max. pressure

U SR

Identification plate

An identification plate on the pump, usually at the front or rear, shows:
1 Model / mm stroke

1 Max. working revolutions
1 Identification number See below on ID
1 Pump capacity Note the capacity drops a little at higher pressure
1 Max. pressure Some HARDI diaphragm pumps go to 20 or 25 bar
The table indicates the capacity Model |Capacity range Capacity range
output ranges for the various (I/min) (US gpm)
models. 503 14 to 16 3.6t04.2
603 26 to 31 6.810 8.2
The identification number (ID) 321 48 to 73 12 to 19
First 2 digits are the production year 1203 99 to 108 26 to 28
Next 6 digits are order number 1303 114 to 136 30 to 36
Last 4 digits are serial number 364 140 to 194 37to 51
464 280 to 349 74 to 92

The power usage is relatively low.

Pump life can be extended by operating at lower pressures and lower revolutions, using
the correct grease and cleaning it after the spray job.

-16 -



Pumps
Types of pumps used in agriculture
Pump type Advantage Disadvantage
Piston High pressure High wear rate
(80 Bar +) Must not run dry
Proportional
output
Centrifugal High capacity Capacity drops (< 10 Bar)
Cannot prime
Output not propartional
Roller vane Compact High wear rate
Gear Must not run dry
Low capacity
Diaphragm, oil High pressure Difficult to service
filled (40 to 60 Bar) Oill pesticide mix
Proportional
Diaphragm, dry | Long life Max. pressure 20 bar
Proportional
Easy to service

Diaphragm pump advantages

The diaphragm pump is the founding component of the company. The advantages to
the user gave benefits no other pumps could offer.

Self-priming (can suck liquid when filling)

Able to run dry (no damage)

Easy to service (customer can do this)

Grease lubricated (dry sump, drained housing)

Rotates clockwise or anticlockwise (no damage)

Chemical resistant valves and diaphragms

= =4 -8 -8 -9 -9

The HARDI pumps are robust, easy to service and simple with crankcases and covers
made of cast.

The crankcase has a drain hole at the bottom. When
spray liquid leaks from this drain, the diaphragm
needs to be changed.

If the pump was oil lubricated, i.e. wet sump, the oll
will contaminate the spray liquid and the spray liquid
will probably damage the pump bearings.

-17 -



Pumps
Key identifying features

Model 500 series (500, 503)
1 One diaphragm
1 Conical or straight shaft
T Jo inlet and outl et

Model 600 series (600, 603)
1 Two diaphragms with V configuration
1 Conical or straight shaft
1 Detachable feet
1 Height: 263 mm
T Jo inlet and outl et

Model 1200 series (1200, 1202, 1203)
1 Two diaphragms with V-configuration
Conical or straight shaft
Cast iron feet
Height: 320 mm
1200: 13O0 injl et and outl et
1 1202 and 1203:1%0nliet and 10 outl et

Model 320 series (320, 321)
1 Two diaphragms with Boxer (opposed) configuration
T Jo inlet and outl et

Model 1300 series (1300, 1301, 1302, 1303)
1 Three diaphragms
T 1300: IJo i n;l1201, 13®Damd 180B:t1Vse ti nl et and
1 1302 and 1303: Have ribbed, synthetic connection tubes in valve chambers

Model 360 series (360, 361, 363, 364)

1
1
1
1

9 Six diaphragms
1 Length: 222 mm
1 36landsome 363:1%0 i nl et and 10outl et
T 363: 1i0 inlet and 10outl et
1 364: Black covers over top 4 valve covers, 2 grease nipples under pump
1 6 spline is for 540 r/min and 21 spline is for 1000 r/min
Model 460 series (460, 461, 462, 463, 464)

Six diaphragms, introduced early 1998

Length: 264 mm

460: 11 0 %ond wetdb2atnidhd? inletand1%o out | et
46 3: Raod 1l ¢ @;tVhhee tovers with boss for connecting rod bolt
464: Black covers over top 4 valve covers, 2 grease nipples under pump
6 spline is for 540 r/min & 21 spline is for 1000 r/min

E

-18 -
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Pumps

Lubrication points

3
[A-50[(309] (a-50[Y](304]

Lubrication
The HARDI pumps require greasing every 50 hours of work. Most pumps have just one
central grease point found on the crankshaft. There are 3 exceptions:

1 Model 1300 pumps: There are 3 grease points; one on the shaft and one on each
side of the pump near the centre of the crankcase.

1 Model 464 and 364 pumps: There are 2 grease points at the bottom of the pump.

Some of the older pumps with a through-going shaft require removal of the transmission
shaft for access to the grease point.

The recommended grease for pump lubrication is HARDI Pump
Grease Lithium V550, Ref. No. 28164600. The specification is
NLGI 1, 550cSt @ 40° C.

Normal service, diaphragm renewal and bearing replacement
require different amounts of grease.

58
2
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Pumps

Lubrication chart

- 50 hours
50 timer

50 Stunden

50 heures
’ \ 50 horas

50 yacoe

MNormal operation
Normal drift
Normalbetrieb
Fonctionnement normal
Operacion normal

Diaphragm renewal
Membran fornyelse
Membranerneuerung
Renouvellement diaphragm
Renovacion de diafragma

MNow bearings

Mye lejer

Meue Lager
MNouveaux roulements
Rodamientos nuevos

HopmankHasa onepauuna O6roBneHne Ouachparma HoBble NogWMAHKL

Model B gram total B ounce total A gramtotal B ounze total B oamtota B ounze total

500 - 503 6 0.21 40 1.42 60 212

600 - 603 10 0.35 60 212 100 3.53

31 10 0.35 60 212 100 3.53

1200 - 1203 13 0.46 80 317 130 4.59

1300 - 1303 3x5 3x0.18 3x35 3x1.23 3 x50 3x1.76

360 - 363 50 1.76 350 12.35 500 17.64

364 2 x30 2 x1.06 2 x 200 2x7.05 2 x 300 2 x 10.59

460 - 463 50 1.76 350 12.35 500 17.64

464 2x30 2x1.76 2 x 200 2x7.05 2 x 300 2x10.59
Lubrication

The amount of grease needed depends on the intervention.

A table from the instruction book will describe the amount needed.

To determine the amount of
grease delivered from a grease
gun, pump 10 full strokes onto a
scale to measure the weight
delivered. Now you can calculate
the amount with more or less
grease gun pump strokes.
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Alignment of connecting rods

334214

> \/ '\i- C;.-/ 120024 P '
2 } * | L 111608
) q{!‘) . 210114

9.0mm: 140884
6.0mm: 146489

28001
421035 —

210128

330118 -~

111602 ; 2 21008 o
460353 — @ SRR ‘
A 29
2 LS\ ‘% 210092
330118~ o~}
- \ \ 180064
; ! . 421002 o]
‘ " < L s
f V0064 & 177472
! 1 283899
-421035 | 210002 - 480353 - 460342 :
L-210103 111692

Connecting rod position for models 600, 320, 1200 and 1300

If the pumps are completely disassembled for bearing replacement, it is important to
place the connecting rods correctly at re-assembly. Failure to do so will cause
excessive pulsations in the liquid delivery.

The parts drawings are quite helpful as they show the correct orientation. Looking from

the transmission shaft side, the first connecting rod must be orientated so it points to the
right.
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Pumps

Alignment of connecting rods

Connecting rod position for models 600, 320, 1200 and 1300

Correct assembly of the connecting rods on a model 1303 pump with pump shaft facing

you.

| f you Ashake handso with the pump, +thdné f i r.
side.

Torgue settings

Pump model Valve cover Diaphragm cover Diaphragm bolt
(Nm) (Nm) (Nm)

503 and 603 50 50 25

321 60 60 60

1203 and 1303 80 80 80

364 and 464 90 - 90
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Pumps

Basic overhaul

Model 600 Model 1202

Changing valves and diaphragms

If the pump leaks liquid from the crankcase, the diaphragm needs to be changed.

If the liquid system cannot aspirate and produce pressure or it is pulsating, it may be a
damaged valve. Before opening the pump, it is wise to have a pump kit on hand. The
sprayer instruction book gives you more specific details. General guide:

Valves

Remove the covers (1). Before changing the valves (2), note the orientation.

Note that on the older 6 diaphragm pumps, one or two valves with an air bleed hole in
the valve flap are used. They are colour-coded white. Note the placement (2A).

Use new gaskets (3) at re-assembly.

Diaphragms
Remove the diaphragm cover (4).

The diaphragm (5) can now be changed. Note the
orientatonwi t h A TOPG®&Gdeon t he wup
Do not distort it when re-tightening the covers as the
diaphragm will not seal properly.

Re-grease the pump if liquids have reached the
crankcase.

Do not over-grease and check the drain hole is clear.
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Pumps

Older (black) and new version (yellow) diaphragm for model 1200 and 1300 series pumps

— 420221 430938 —|

471127
—161172

T 334310

——334214

240026
o—120024
120024

Diaphragms and older pump models

The diaphragm material and shape has changed over the years. The older diaphragms
were thicker, coloured black and made of nitrile. The present diaphragms are thinner,
yellow in colour and are made of polyurethane. They have i T OP 0  side thatis ¢
face up. The new material has better
resistance to chemicals and the thinner
diaphragm has a longer mechanical life.

The new design diaphragm can be fitted to the
older pumps. Spacers are supplied in the
overhaul kits. Top plate and bolt are now made
of stainless steel for a longer life and these are
also supplied in the overhaul kit.
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Pumps

Over-greasing

Cavitation damage

Typical faults and remedies
Over-greasing

This will hinder or block crankcase drainage. Only the bearings and connecting rods

require lubrication.

No filtration

Pump valves jammed with foreign objects indicate
that filled water has not been filtered.

If using a filling device, place a filter on the filling
line before the liquid reaches the sprayer.

The picture shows an in-line suction filter (Ref. No.
72050000)f or 21 0 hose with
filter insert.

Cavitation

This is caused by a high vacuum on the suction side of the pump. The high vacuum is in
turn caused by under-dimensioned suction lines and fittings, a flow restricting suction

filter or a blocked suction filter.

Wrong parts; damaged diaphragm covers

This is due to an incorrect combination of connecting rod and crankshaft. These parts
are matched i.e. 10 mm con-rod is for a crankshaft with a 10 mm stroke.
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Pumps

Frost damag Chemical damage

Mechanical damage

Typical faults and remedies

Frost damage

The best preventative to frost damage is running the sprayer with anti-freeze (glycol)
before winter storage. Some pumps are equipped with drain plugs but draining the
pump will not guarantee frost damage to other parts of the sprayer.

Chemical damage

Pesticides using petro-chemical solvents are very harsh on synthetic components. They
typically have an odour similar to kerosene. The diaphragms will swell and begin to
flake. If the sprayer has not been cleaned before storage, this will leave the components
in contact with the solvent for a long time and chemical damage may be expected.

Mechanical damage

Normal mechanical lifetime for diaphragms is approximately from 1000 to 2000 hours.

If the spraying is always done at high pressures and/or high revolutions, this will shorten
the diaphragm life.

Damage will look like a knife cut.

Once the diaphragm is perforated, the pump will leak liquid from the crankcase.
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Pumps

Transmission shafts

-—min. 20 mm

i

T259-0007 R,

Transmission shaft

The transmission or Cardan shaft supplies power from
the tractor to the sprayer. Universal joints allow for
changes in alignment. For applications where the angle
between tractor and sprayer are acute, a wide-angle
shaft should be used otherwise the universal joint
bearings will be damaged

The shaft may need to be shortened at the first
installation. If it is too long, it or the pump will be

damaged. Before installation, set the sprayer and tractor
so the shortest distance possible is found between
sprayer pump and tractor P.T.O. Now compare with the
transmission shaft and shorten if needed.

The recommended overlap (A) should be 2/3 of the shaft
length. The shaft must have a minimum overlap (A) of %2 rsa00s

the length.
For operator safety, the transmission shaft guards must be intact and must not rotate.

Avoid angles greater than 15° as this will shorten bearing life. Refer to transmission
shaft instructions supplied with the shatft.
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Suction (S) and Pressure (P) dampers
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Suction and pressure damper

Many of the smaller pumps can be supplied with a suction (S) and pressure (P) damper.
The dampers remove the pulsations caused by the small number of diaphragms.
The 6-diaphragm pumps do not require a suction or pressure damper

The suction damper is a passive diaphragm and does not require control. The pressure
damper is pre-charged from the factory with 2 bar (30 psi) pressure.

To check for a damaged pressure damper diaphragm, first unscrew the damper from
t h ed fplriamdehen shake it. If you hear a sloshing sound, it is damaged.

Spray pressure Damper pressure Spray pressure Damper pressure
bar bar psi psi
15-3 0-1 20 - 45 0-15
3-15 1-3 45 - 220 15-45
15-25 3-4 220 - 360 45 - 60
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Controls

M-600 BK

M-70

Control types overview

As a general rule, red coloured components on HARDI control e.g. levers, handles;
knobs etc. indicate a point of operation, i.e. something that can change position.

M-600 control unit

This is a simple brass control unit with pressure gauge and pulsation damper. It is
suitable for direct attachment to pump. Like all pressure controls, the pressure regulator
basically punctures the pressure line to reduce spray pressure. The more liquid that
returns to the tank, the lower the spray pressure.

M-70 control unit
It is a basic unit made of synthetic materials with pressure regulation and safety valve in
one unit. It is often used with a simple distribution valve with up to three sections.

BK control unit

The pressure regulation and main ON/OFF with safety valve are two separate units.
This permits the use of the HARDI-MATIC volumetric valve allowing constant
application rate even with speed variations if the tractor is kept in the same gear.

It has a built-in pressure filter and pressure equalization device in the section valves that
maintain the same pressure when the section valve is turned off.

The hydraulic tank agitation can be turned off to reduce foaming and thereby utilise total
tank contents.

-29-



Controls

Electric Valve Control (EVC) Electric Fast Control (EFC)

Control box not shown VL.@

Control box not shown

Electric Valve Control (EVC)

This is a remote-controlled unit utilizing 12 Volt motorized valves (not solenoid) to
operate the spray functions. If connected to a sprayer computer, it can maintain the
application even when changing the tractor gears.

The HARDI-MATIC volumetric pressure regulation valve for constant application rate is
built into the pressure regulation system.

It can have from two to nine section valves that have the equalization device
maintaining the same pressure when section valve is turned off.

It uses a radial sealing system that offers better sealing than facial sealing.

Electric Fast Control (EFC)

This is a high capacity remote-controlled unit similar to the EVC. It requires a controller
as the equalization system has become automatic.

Up to 13 section valves can be used.

In 2011, the pressure regulation valve was upgraded with a new regulation valve
(DynamicFluid 4) that minimises wear and leakage.

Discontinued control units

Air Control (AC): Fr om t he e ar | ylivel $ysiesn,usetl gneusmatic valees. t
Electric Control (EC): The first of the 12 Volt motorized valve controls started life in
1982. It included a main ON/OFF valve. This unit was superseded by the EVC.
Solenoid Control (SC): Low cost solenoid system. It was discontinued in 2004.
Electric Manual Control (EC/BK): This economic unit had electric pressure regulation
and main ON/OFF with manually operated section valves. It was discontinued in 1995.
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Simple controls HARDI-MATIC volumetric controls

Combined pressure and safety valve T

Separate safety valve not shown

HARDI-MATIC pressure regulation valve volumetric control

The HARDI-MATIC is a simple method to maintain a constant application rate.

When spraying, a certain percentage of the liquid goes to the nozzles, and the
remaining liquid returns to tank. With a HARDI pump, increasing revolutions within the
working range also proportionally increases the flow output to both nozzles and to tank.
The percentage division remains the same.

With a simple regulation valve control, changing engine and thereby pump revolutions
changes the application rate.

With the HARDI-MATIC system, changing engine revolutions does not change the
application rate. This is because the valve opening is fixed, unlike the simple system
where the spring assembly would allow the opening to change.

HARDI-MATIC is a simple handy feature when the operator changes engine revolutions

e.g. to reduce spray drift with lower revolutions or when working in hilly terrain when the
tractor will speed up downhill and slow down uphill.
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Controls

Cutaway of BK distribution valve Seal in the EVC valve

Principles of pressure equalisation

A simple distribution valve divides the liquid up to the various boom sections. It is
advantageous to have many sections as less spray is wasted on irregularly shaped

fields.
Closing a section will normally cause the pressure to rise. The operator or computer will

need to intervene and reset the pressure.

The pressure equalisation system is basically a calibrated two-way valve. When
spraying, the return to tank line is closed. Closing the spray line opens the return to tank
line. The pre-calibrated orifice has the same flow as the boom section and therefore the
pressure does not change. Consequently, calibration on BK and EVC controls is
needed when the capacity of the nozzles is changed.

An O-ring and/or a gasket seal the valves. If the sprayer utilises a computer and the
seals leak, the electronic read-outs will be misleading. 3000 litres sprayed out will be
registered as e.g. 3500 litres. This is because the liquid that is supposed to go to the
nozzles has gone back to the tank and then been recycled through the flow sensor on
the way to the nozzles again.

The seals can be checked by removing the return to tank line. It should have no liquid
flow when the boom spray lines are all open.
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Installation and storage of pressure gauges

T140-0021

672044

Pressure gauges

The pressure gauge is the
expensive wrist watch. This component is often the
only visual indication to

Most field spraying is done between 1.5 to 5 bar (20

to 70 psi). The gauge should be accurate and large
enough for the operator to see the value.

The HARDI sprayer safety valve opens at about 15

bar (220 psi) so a traditional gauge with an evenly
spaced scale would be hard to read accurately.
Alarge di amet er ( is€al@ gamgais4 0)
easier to read.

The gauge is liquid filled (glycerine) to protect against vibrations and
prevent internal condensation. It has a vent at the top of the gauge
that must be opened once the gauge is installed. It is recommended
to store the gauge in a frost-free environment.
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Functions diagram

:
_QJ
I'LI

Basic sprayer functions

. Suction filter; the suction point is located at the bottom of the tank
Pump

. Pressure agitation valve

. Main ON/OFF valve with built-in safety valve and return line to tank
. Pressure gauge

. Section valves with pressure equalization return to tank line

. HARDI-MATIC pressure regulation with return line to tank

. Boom sections with nozzles

ONOUTAWN R

The liquid not sprayed out through the nozzles is returned to the tank.

The suction filter is relatively course (30 mesh) and protects the pump valves from
damage.

The ability to turn off pressure agitation at the near end of emptying the tank reduces
the risk of foaming and this increases the ability to completely empty the tank.

The safety valve, usually set at 15 bar (220 psi), must be located before the main
ON/OFF valve.

-34 -



Controls

BK ON/OFF module, ball and damaged seal

BK controls

The safety valve is incorporated into the ON/OFF module of the valve. The pre-set
maximum pressure is now 15 bar (220 psi).

On older units, this could be adjusted via a knob on the side of the unit.

For BK controls used on vineyard and orchard sprayers, it may be a 25 bar (375 psi).
The value is stamped on the side of the housing.

The ball seal (hence the name BK, Ball Control) prevents spraying when the valve is
turned off.

If the sprayer leaks at the nozzles when the main ON/OFF is off, a damaged ball seal is
most probably the cause. Lack of correct cleaning will typically be the cause of damage.

If liquid returns to tank from the main ON/OFF valve when in spraying (ON) position and

thereby reducing capacity, the close-off gate is worn. It can become scored from poor
guality water or powder formulated pesticides.
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Electric motors

El ectrica

Gear box

Cam

Limiter S

Ope@l ose i

Val ve se]

EVC controls

The electric controls utilise a motor with gearbox to open or close the valve. This is a
more secure operation than a solenoid valve.

It also allows for manual operation should there be a power failure. To operate
manually, first disconnect the cable from the control box to the control unit. This will
ease operation as it will not function like an electrical brake when disconnected.

The pressure equalisation adjustment knob and return are at the bottom of the valve. A
pressure relief return is also incorporated into the EVC. It relieves the pressure in the
hoses to the nozzles as soon as the valve closes as the hoses can cause the nozzles to
continue to spray for a short while after the section valve is closed.

The knob colour is a code. It may indicate age and motor speeds.
Red knobs are on the oldest versions. Motor to spindle ratio is 1:300.
Yellow knobs on the pressure regulation indicate a faster 1:150 ratio.

The gearbox never wears out but the limiter switch and the seals for equalization can
wear and need replacement. If the limiter switch does not click, it is probably faulty. If
the valve becomes slow to turn, the motor is usually damaged. This can be due to
overheating or use of incorrect fuses.
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EVC and EFC

Emergency operation
knob

To boom

EFC controls
The high capacity EFC is used with a HARDI controller.

The modular section valves have a pressure dump to stop nozzles from spraying when
the section is turned off. Without this, small capacity nozzles and/or wide booms e.g.
over 30 metre (90ft) would continue to spray until the pressure in the hose is less than
0.3 bar (5 psi), being the closing pressure of the green coloured non-drip nozzle check
valve.

When a section is operated, the pressure equalization is executed by the controller.
Manual calibration of the pressure equalization is therefore not needed.

The pressure regulation valve basically punctures the pressure
line to reduce the spray pressure. Increasing the return to tank
or suction line lowers the pressure.

The valve consists of a ported cylinder and a piston inside the
cylinder. Some versions of the cylinder and piston are all
synthetic material whilst others are stainless steel and
ceramics to combat wear and internal leakage which reduces
the sprayer capacity.

An encoder monitoring the piston position was used for the
HARDI LookAhead regulation software.
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DF4 is active even when not spraying

DynamicFluid 4 regulation system

To obtain the correct application rate, the classic spray regulation system is based on
reaction to a mistake, meaning the sprayer needs to be spraying and to be off target
before it can be regulated. It can take a relatively long time before application rate is
back on target again and is extremely challenging for a sprayer when conditions rapidly
change, like at spray start with a rapid change in speed, turning sections off or on and
on-the-go dosage change. Modern tractors with power shift and constant velocity
transmissions are also a big challenge to fast-on-target application rate.

The revolutionary DF4 regulation system foresees the correct setup and is very fast in
reaching on-target application rate. It was introduced in 2011 to the COMMANDER
sprayers and now is available on the self-propelled, NAVIGATOR and the range of
MEGA sprayers.

The extra sensors and the software behind them make
the system more robust. Should a sensor fail, the
operator can often finish the job and do the repair at a
more convenient time.

The reason for using ceramic discs or a combination of
stainless steel and synthetic discs is to reduce internal
leakage and wear resulting in higher capacity and less
time spent on repairs.
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Sensors and monitor pints of the DF4

DynamicFluid 4

DF4 is based on 4 sensors in the fluid system. The sensors are the pump revolutions,
angle of the regulation valve, flowmeter and pressure sensor. The speed sensor is also
used in the calculations.

DF4 monitors the flow required to the nozzles in respect of the flow to agitation,
pressure filter return and regulation valve. It takes into account pressure differences
from pump to nozzle, pressure transducer height and active boom sections.

During the spray job, there are two situations; nozzles ON or nozzles OFF.

With nozzles ON, sensor input to regulation system is live.

With nozzles OFF, the regulation system is now based on a simulation of previous
spray situation.

We call this FeedForward and it foresees the correct opening of the regulation valve
and thereby is extremely fast to obtain the correct application rate.

Even when closing all but one nozzle on a very wide boom, the application rate is quick
to achieve, correct and stable.
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Filters and non-return valves

Basic liquid system
Filter type
1. Basket 15
2. External filling — ] _
3. Suction === 4
4. Pressure o | I S o‘
5. Line &5 O
6. Nozzle —k Y 4 H
Filtration

The nozzles may be blocked with impurities in the water used, the pesticide itself and
scaling from the tank and spray lines.

The filters become finer the closer they are to the nozzles. The basket and suction filters
are course and their primary task is to protect the pump components. The pressure
filters should prevent nozzle blockage.

If the impurity can pass through the nozzle, it should not be stopped by the filter mesh.
This is overkill of filtration. The filters will need cleaning more often if the mesh is too
fine. If the suction filter is too fine, it may also cause pump cavitation.

A good filter design prevents spillage of fluid as spot pollution of residues may occur. It
should be easily accessed, intuitive to service and have embedded seals.

Self-cleaning filters have a return line back to tank to remove the impurities from the

filter. The return line is restricted to prevent pressure loss. The impurities are removed
from the system when the tank is cleaned.
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Filters and non-return valves

Filter types and mesh
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Suction filter Pressure filter In-Line filter Nozzles filter

100 Number indicates
wires per inch

0.15 Size of opening

Filter colour-coding and mesh
Mesh is used to indicate the degree of particle filtration. The higher the number, the

finer the filtration.
The mesh number relates to the number of wires per inch. The opening size is, of
course, also governed by the thickness of the wire so the mesh number is a relative

indicator.

The filters are colour-coded to aid identification.
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Filters and non-return valves

Mesh choices
* Standard

Nozzle size

0075-02 100 100 100
025-03
04 +

Filter choice

The filter choice in the sprayer is dependent on the nozzle size used. There is no need
t o ffoivietrer 6 the | iquid as the result is frec

In-Line filters can be added to each boom section to reduce the service intervals of the
nozzle filters.

When using the HARDI SNAP-FIT nozzles, the nozzle filter seal is used to hold the
nozzle in place.
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Filters and non-return valves

Top-mounted filters

Suction filters T top mounted
The primary function of a suction filter is to protect the pump components.
The suction filter is located on the top of the smaller HARDI tanks. Reasons are:
1 The filter is always drained when inspected
1 No residues are spilt on the ground
9 There is no need for an ON/OFF valve
1 The filter is located at a good inspection height without climbing up the sprayer

A damaged seal on the suction side will result in hose vibration and reduced pump
capacity which in turn will reduce filling and chemical transfer systems efficiency.

The HARDI top mounted filters have a chemical resistant O-ring seal made of Viton. It
should be present and not mechanically damaged.

If, after spraying and before inspecting the suction filter, you hear a hissing noise from
the filter housing, it is a sure sign that the seal is damaged.

The black liquid return hoses must be located away from the suction point of the yellow
tube. Failure to drain the tank will be the result if this is not so.

On larger tanks, it is preferred to inspect the suction filter at ground level.
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Filters and non-return valves

Inside the EasyClean Filter
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Suction filters T bottom mounted

On larger sprayers, the suction line comes from the bottom of the tank. Therefore, the
hoses can be kept as short as possible to minimise residues.
The HARDI EasyClean suction filter with built-in main tank shut-off valve is utilised with
the following benefits:

1 The filter can be inspected from ground level

1 The filter is always drained when inspected

1 Objects are removed when the filter is inspected

1 No residues are spilt on the ground
A vacuum gauge is placed in front of the sprayer next to the pressure gauge for the
liquid system. It is connected to the suction filter with a small diameter red hose.
The gauge is easily seen whilst spraying and indicates when the filter needs servicing.

Turning the one-handled top 90° opens the filter. When closed the handle points
forward so the crop is not damaged.

The filter is available in 30, 50 and 80 mesh and should be inspected every 30 days
during operation.
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Filters and non-return valves

Self-cleaning pressure filter with return line to tank. Blue line: Suction, Red line: Pressure, Green line: Return

Pressure filters

Pressure filters are placed after the pump and they have a higher
degree of filtration as their task is to prevent damage to the controls
and nozzle blockage.

The classic pressure filter is a bowl-type filter where the base is
removed to service the filter. There is often a risk of spot pollution
with this type of filter as the bowl is full of liquid.

Modern pressure filters are self-cleaning. The residues are continually washed away
preventing the filter blockage. The principle can be compared to a river where the banks
are very wide and then narrow. At the wide banks, the water flow is slow and little
erosion occurs at the banks; the banks are sandy.

As the river narrows, the flow increases in speed and the banks erode (wash away)
leaving only solid stone as all the sand has been washed away. The change in water
flow velocity is the principle behind a self-cleaning filter. The return-to-tank line removes
the particles from inside the filter.

The HARDI Self-cleaning filter from 1982 was the first of this type.
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Filters and non-return valves

Self-cleaning filter and CycloneFilter
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Self-cleaning filter and CycloneFilter

The HARDI Self-cleaning filter has a solid cone (3) inside the filter mesh that is narrow
at the liquid exit area. This is what causes the flow to increase in speed and maintain a
self-cleaning action. The restrictor (5) on the return to tank (6) maintains pressure in the
system. If the restrictor is missing, the sprayer will not be able to achieve working
pressure.

The HARDI CycloneFilter is also a self-cleaning filter and it has a valve at the base
instead of a restrictor. It was first introduced on the COMMANDER in 2005 to handle the
higher capacity requirements.

The valve (7) has 3 different positions:
A. Self-cleaning OFF: Used during cleaning process
B. Self-cleaning ON: Normal position. Large particles
return to the main tank
C. Boost: Used for extra filter flush during cleaning

Furthermore, the cleaning capacity is enhanced by creating a
cyclone effect in the liquid flow by winglets (4) at the liquid
entrance.
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Filters and non-return valves

Six non-return valves (position 22) on basic COMMANDER liquid system

Non-return valves

A non-return valve only allows flow in one
direction. The cone (4) is fitted with an O-
ring seal that closes on a stainless steel
seat (5).

Smaller non-return valves may utilise a
stainless steel ball closing on a synthetic
seat.

Poor cleaning can be responsible for
failure in non-return valves as residues
can damage the seal and/or cause it to
stick.
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FastFiller, safety and SmartValves

HARDI FastFiller and ejector
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FastFiller and Ejector

The HARDI FastFiller is a filling device using a venturi system. This creates a vacuum
for increasing the filling capacity. The pump capacity is more than doubled with this
device. The ejector is a smaller version used with some TurboFillers.

A Model 463H (high capacity) pump at 540 r/min produces 322 I/min (85 US gpm). The
filling capacity rises to 800 I/min (211 US gpm) when filling from ground level through a
21 060 hose.

If the system is dry, the diaphragm pump will prime the filling device so the venturi effect
can be started. A valve inside the FastFiller prevents liquid to return to the filling source.

The colour-coded restrictor inside the tube is matched to the pump capacity. Higher
capacity requires a larger restrictor orifice. The model 460 series of pumps uses the
yellow restrictor.

The tank must be fitted with a high capacity air vent otherwise this will reduce filling rate.
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FastFiller, safety and SmartValves

HARDI progressive safety valve

Pressure maintained as

Safety valve

The pressure safety valve protects the liquid system from excessive pressure. If the
system exceeds a pre-set maximum pressure, the valve will open and the liquid will be
returned to tank. Without the safety valve, hoses or fittings would be damaged.

For HARDI field sprayers, the maximum pressure is set at 15 bar (220 psi). Typical
spraying pressure is between 1.5 bar (20 psi) to 5 bar (70 psi). Optional equipment like
the pesticide transfer systems, tank flush nozzles etc. often perform best at higher
pressure and therefore the maximum pressure choice at the safety valve.

For HARDI orchard sprayers, the maximum pressure is set at 25 bar (360 psi) as these
sprayers typically use hollow cone nozzles that operate best at higher pressures.

A simple safety valve opens at the pre-set pressure and will typically remain open until
the pressure drops to about the half. This type of valve is used on basic sprayers like
the HARDI NK that has the safety valve built into the control unit.

A progressive safety valve opens at the pre-set pressure and progressively closes as
the pressure drops. It maintains the pre-set pressure. This is advantageous for some
optional equipment where the high pressure is required. The HARDI progressive safety
valve is used on most of the medium to high-end HARDI sprayers.
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FastFiller, safety and SmartValves

Suction and pressure Manifold valves and SmartValves

Manifold and SmartValves

The simpler the sprayer is, the easier it is to use it correctly.

HARDI Manifold valves group the suction and pressure valves in two manifolds. The
pressure manifold is connected to the safety valve.

HARDI SmartValves combine a number of functions in the one valve handle. Operation
of the one valve handle opens and closes a number of ports. Full operation is generally
possible with two SmartValves, being suction line and pressure line and one or two
other valves.

Colour coding and icons are used to ease identification of the function.
1 Blue is the suction side
1 Green is the pressure side. This may include low pressure return lines
1 Yellow for product transfer equipment
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Function diagram for liquid system

Diagram for RANGER 2013
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Functions overview

The HARDI sprayer instruction book always shows a diagram for the sprayer liquid

system. It shows the colour-coded icons physically found on the sprayer. This diagram
is to help understand the spray functions and cleaning of the sprayer.

It is also an invaluable tool for fault-finding on the sprayer because if you understand the
system, you should be able to find the problem in minimal time.
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Nozzles

Pesticide label stating dosage and application rates
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Understanding the application task

Before choosing a suitable nozzle for a particular spray task, we need to understand the
choices the operator has to make before choosing a nozzle.

A typical agricultural pesticide label states pesticide dosage, water application rate and
maybe some recommended choices.

Pesticide dosage

The three main pesticide groups are herbicides for weeds, fungicides for fungi and
insecticides against insect pests. The pesticide dosage is the amount of pesticide
needed for a given area (hectare or acre) for a particular crop. The dosage may have a
minimum and maximum value. The amount used depends on crop and pest stage,
weather conditions and application technique. The lower recommendations will be
chosen under ideal conditions.

Application rate

This is the amount of water to be applied with the pesticide for a given area. It will also
have a recommended minimum and maximum value. A tall crop will typically require
higher rates than a short crop. The operator will tend to choose the lower rates as this
improves his spraying capacity.

Once the application rate has been established, weather conditions are the next factor
to consider before choosing the best nozzle for the application task.
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Nozzles

FLAT FAN, LOWDRIFT and a MINIDRIFT nozzle with spray on water sensitive paper.
All have the same application rate.

Pressure: 3 bar
Driving speed: 7,2 km/h
Water volume: 100 /ha

Four basic nozzle types

Forbroad-acre field sprayers wit,khetaperedcflatfat 2 0 0)

nozzle is usually the best choice. It should have the following features:
1 Colour-coded to ease identification
1 Follow ISO standards on size, colour and nozzle type codes
1 Have a spray angle of about 110° for double overlap for good distribution
1 Have a snap fit holder to secure the correct offset angle
1 Have high accuracy
1 Be made of long wearing material
1 Be reasonably priced

There are 4 basic flat fan nozzle types.
1 Standard FLAT FAN nozzle (FF)
1 LOWDRIFT fan nozzle (LD)
1 MINIDRIFT air induction fan nozzle (MD)
T INJET air induction fan nozzle (1)

The standard FLAT FAN (FF) usually has the best efficacy. As we move down this list,

the droplet size increases to reduce spray drift for spraying done in windy conditions.
The payoff is efficacy. The bigger the drops, the more we lose to the ground.
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Nozzles

Liquid distribution from a tapered FLAT FAN nozzle
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Tapered FLAT FAN nozzle distribution

The FLAT FAN nozzle used on field sprayers has a tapered liquid distribution. More
liquid is sprayed out directly under the nozzle compared to the edges.

If every second nozzle was turned off, the collected liquid would look as above. The
neighbouring nozzle has the same pattern and by overlapping the spray, the final result
is an even distribution of the liquid.

This can also be done with nozzles with an even distribution where the liquid sprayed
out is evenly distributed under the nozzle, i.e. the same amount under the nozzle as at
the edges. When used on a boom, this is not practical as it is extremely difficult to
maintain an even distribution as it requires the boom to stay at exactly the same height.
The tapered flat fan nozzle is better suited to distribute the liquid more evenly even at
varying boom heights.
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Nozzles
ISO chart
Flow
3 bar 40 psi Colour Number Type
I/min US apm
0.3 0.075 0075 FF
04 0.1 01 FF, LD, |
06 0.15 Green 015 FF, LD, MD, I, Q
0.8 0.2 02 FF, LD, MD, MDD I, Q
1.0 0.25 Lilac 025 FF, LD, MD, MDD, |
1.2 0.3 Blue 03 FF, LD, MD, MDD, 1, Q
16 04 Red 04 FF, LD, MD, MDD, 1, Q
20 0.5 Brown 05 FF, LD, MD, MDD, 1, Q
24 0.6 06 FF, 1, Q
3.2 0.8 038 FF, 1, Q
40 1.0 10 FF, Q
6.0 15 15 Q

Range of HARDI ISO nozzles

The above table shows the flow, colour, identification number and type of nozzles in the
HARDI range.

FF is FLAT FAN, LD is LOWDRIFT, MD is MINIDRIFT, MDD is MINIDRIFT DUO, Il is
INJET and Q is QUINTASTREAM.

The numbering system origins from US flow units. The flow at 40 psi can be read
directly from the number.
Example: Size 01, orange nozzle gives 0.1 US gpm at 40 psi.

When using metric units, the nozzle number multiplied by 0.4 gives the flow at 3 bar
pressure.
Example: Size 01 orange, 1 x 0.4 = 0.4 I/min at 3 bar pressure.

The relation between number and flow is a handy feature. If the nozzle number is
doubled then the flow will also be doubled.
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Nozzles

Older style threaded cap with alignment tool

Nozzle offset angle

The nozzles used on a boom should havea n sief & a ntg9° ® thedoonB This
is to avoid the nozzle spray swath spraying into the neighbouring swaths causing swath
reduction and formation of courser droplets.

If the sprayer is mounted with SNAP-FIT caps, then the angle is
automatically built into the cap.

If the sprayer has the old /s s c r e whe angleohss to be
adjusted manually. A i HA R D ltool fRiefpN®.d333174) was
supplied with this system to assist setting the correct angle.
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Nozzles

Tapered FLAT FAN nozzle

Tapered FLAT FAN

35cm
14”

Nozzle to target distance

The opti mal boom height (nozzle to target d
110°nozzles can be used from35to70cm( 14 t.o 280)

The lower height reduces the risk of spray drift but it can be difficult to accurately

maintain the low height. Keeping the boom high to avoid ground strikes will increase

spraydrift. Spray drift can increase by 20 fold if
Therefore, we advise to set the boom to 50 cm ( 2 Qtada)low for terrain and boom

movements.

The even spray or hollow 60 cm
cone nozzles need exactly e
correct distance from nozzle

to target' Hollow cone

A low boom will lead to %5 om
missed strips and a high A A A ‘ 147 I
boom will lead to double

application. This is why they [ [ e .

are not used on broad-acre
oo spe m




Nozzles

Droplet diameter and numbers relation

400 um

Droplet volume, diameter and coverage

The same volume of liquid atomised in different droplet sizes
gives a very big difference in coverage.

If the diameter is halved, the result is approximately 8 times
more droplets and the potential for coverage is thereby greatly
increased.

There is not a perfect drop size for spraying. A range of droplet sizes is usually best.
The droplets can also be too big and too small. Relatively big drops are less susceptible
to drift and better at penetrating a crop but may often end up on the ground. Small drops
remain on the leaf and give better coverage but are susceptible to wind drift and loss to
evaporation.

The best nozzle to use in good spraying conditions is the standard FLAT FAN (FF)
nozzle. It has the best efficacy and lower rates of water and pesticide may be possible.
The other nozzle types can be chosen when conditions are not ideal. The negative side
is that the efficacy is reduced and therefore it becomes more risky to reduce rates.
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Nozzles

Water Sensitive paper and nozzle types

T .,;',1}_
aJ. A D ,4 Y '.\ ~

A ot *‘ 7;..) vl ’:f q‘a f | cw

LS :‘%"::! 0\: A “ﬁ.’ 4~ vﬁ Wi?’x‘ 5.
:\" NN MINIDRIFT e %x ARG,
"‘4 ,.‘: :

hvx‘ﬁ’ e w-;ﬁ'.,“ "2 : AG
» ' " .
1 ':"f'o-'d &?‘ la*}wh\ EELE

* LOWDRIFT

; ..?
A .;. ‘~° a

INJET

FLAT FAN ‘
: /

Droplet volume, diameter and coverage

Spray Test Paper (STP) is water sensitive and turns blue when droplets come in contact
with it. It is an easy way to do a relative evaluation of droplet size, spray pattern and
crop penetration. The above picture indicates the droplet size from different nozzle

types.

If spraying in windy conditions, the nozzles producing larger droplets are preferred. This
could be a LOWDRIFT, MINIDRIFT or a INJET nozzle.

The smallest droplets give the best coverage and under ideal conditions nozzles
producing small droplets are preferred. Here the FLAT FAN is the best choice.

A combination of FLAT FAN nozzles and the TWIN system increases coverage even
more. The TWIN system produces a curtain of air just behind the nozzle which pushes
the droplets into the canopy. This reduces drift, increases coverage and allows the
spraying to be done in otherwise unfavourable (windy) conditions. Under very windy
conditions, LOWDRIFT nozzles can also be used with the TWIN system.
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FLAT FAN, LOWDRIFT and air injection nozzle principles

FLAT FAN LOWDRIFT
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Drift reducing nozzles

The LOWDRIFT, MINIDRIFT and INJET can be used to reduce spray drift.
Design technique is used to reduce the spray veil length and when the veil breaks, the
droplets formed are larger.

The LOWDRIFT uses a restrictor to meter the flow and the opening to form the pattern.
The MINIDRIFT and INJET use an air injection principle to produce large droplets.
Compared to the LOWDRIFT and MINIDRIFT, the INJET nozzle is physically longer
and needs to operate at higher pressures.

INJET MINIDRIFT
Pressure range 3 to 8 bar (45 to 116 psi) 1.5 to 6 bar (22 to 88 psi)
Droplet size Always very coarse Very coarse up to 2 bar (28 psi)
Needed size with Smaller than MD and FF Same size as MD and FF
relation to capacity
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Nozzles
Dribble hoses 3-hole nozzle
QUINTATREAM fertiliser nozzles QUINTATREAM fertiliser nozzles

B u

Fertiliser nozzles

Soluble fertilisers can be applied with sprayers. This application method offers a more
accurate distribution of the fertiliser.

Foliar fertilisers are applied to the crop canopy and a normal FLAT FAN nozzle is best
for this job.

Other fertilisers may scorch the foliage if applied to the canopy and therefore dribble
hoses or specialised nozzles are used to keep the spray off the foliage.

Dribble hoses

These are usually fitted to the boomwith25¢c m ( 1 00 ) s, paaaadastrictpr aatined
nozzle body, meter the liquid. This is complex to attach to the boom, adds weight and
can clutter the boom. It is now not popular as better alternatives exist.

3 or 4-hole nozzles

These types of nozzles produces three or four solid streams of liquid. This is much
easier to apply and does not clutter the boom. Correct boom height is necessary for an
even distribution.

QUINTASTREAM

This HARDI nozzle produces five solid streams of liquid at different flow rates. The
application is overlapped which gives a more uniform distribution ranging from 35 cm
(140) to 1bBon hagm. ( 39 0)
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Hollow cone nozzle, pneumatic nozzle and adjustable nozzle

Nozzles for orchard sprayers and mistblowers

Orchard sprayers and mistblowers utilise various nozzle types. There are 4 basic
application groups:

1 The ceramic hollow cone nozzle is the most used because of higher spraying
pressures, 10 to 30 bar (140 to 450 psi), and the use of many powder type
pesticides. This nozzle type is typically used on a blower turbine.

1 The FLAT FAN nozzles as known on boom sprayers can be used on a turbine.

1 Pneumatic nozzles are used on some sprayers e.g. for vineyards. The droplets
are formed by an air shear technique and hoses with spouts can guide the air
and spray more precisely to the target. Restrictor nozzles are used to meter the
flow and the pressures are usually low, between 1 to 3 bar (14 to 45 psi).

1 Adjustable nozzles are used but to a lesser extent. They tend to produce
relatively large drops. When re-adjusted, the sprayer needs to be recalibrated.
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Nozzles

Special nozzles

s & &

Boom end nozzles Hand operated sprayers

‘ & Narrow angle

Calibration disks,

Solid stream, Fertiliser
Hollow cone
Moisturising Tank cleaning & agitation

Specialised nozzles
HARDI supplies a wide range of special nozzles. Here are some examples:

Boom end nozzles extend the width of the boom
This can be advantageous to avoid spraying to close to obstacles (e.g. fences) but the
distribution is typically poorer than the nozzles under the boom.

Hollow cone and solid stream nozzles for orchard and vine applications
They have a round orifice are typically less prone to blockage.

Nozzles for hand operated sprayers
The operator supplies the pump energy and is at a higher risk of contamination.
Therefore, low pressure (low energy) and wide angles (less drift) are most favoured.

Nozzles for agitation and cleaning

Nozzles used to agitate liquid can double or triple the liquid movement in the tank by
use of a venturi effect. The holes around the orifice allow the passive liquid to be drawn
into the flow.

- 63 -



Nozzles

Nozzle materials
Material Flow increase

after 40 hours wear
Brass Tegjet 1.4 %
Zytel (synthetic) Delavan 7.5 %
Stainless steel Tegjet 6.1 %
Kemetal (synthetic) Lurmark 2.1 %
Hardened Stainless steel Teejet 1.2 %
SYNTAL (synthetic) HARDI 04 %
University of lllinois

Nozzle materials and wear rate

It is a fact that some synthetic materials used in the production of nozzles have a longer
life than metallic materials. Independent tests of nozzle wear confirm this.

Results in the above table from the University of lllinois are an accelerated wear test
where an abrasive material, like silica, is added to the liquid and all nozzles are tested
simultaneously.

Compared to metallic materials, syntahaedei c m
as easily as metal. Therefore, they have a longer life.

Ceramic nozzles have a very long life. A good quality ceramic disc for a hollow cone
nozzle (round orifice) is relatively easy to produce even for low capacity nozzles.

A good quality, low capacity FLAT FAN ceramic nozzle is relatively difficult to produce.
The orifice is elliptical and the production methods, e.g. cooling of the material, make
production of good quality of small capacity nozzles difficult.

At HARDI, our nozzle production is tested every 2 hours.
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HARDI Nozzle calculator disc, US and metric version
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Calibration
There are 4 steps: -- HARDI ISO nozzles
www. hardi-nozzles.com

1. Check driving speed

2. Calculate required nozzle flow
3. Choose nozzle size

4. Check nozzle output

You need to:
1 Measure a distance of about 100 metre (300
feet) 2 : B}
1 Have a good quality measuring jug of about 2 N R BT
litres (70 US fl. 0z.) ©° B o IR A R
Example with metric versi 9% ¢ i @
xample with metric version: LD e
Verifiepd speed: 9 km/h Q ©\§§1\’\
Application rate: 120 I/ha sl ml "N 180

Align speed, (9 km/h; top scale on rectangular part) with application rate (120 I/ha; top
scale on round disc). Now you can read off flow rate per nozzle (0.9 I/min; window in
disc).

On the lower scale, the 1SO nozzles are aligned with the appropriate pressure.
Nozzles within the 1.5 bar (20 psi) to 5 bar (70 psi) range are the preferred choice.
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HARDI Nozzle calculator phone application

S HARDI =

267 Vmin

Flat Fan: Wind still

MiniDrift DUO: Vertical Coverage

Injet: Very windy conditions

Quintastream: Fertiliser

Calibration

A HARDI nozzle application is also freely available for use on smart phones. The app or
the Nozzle calculator disc makes calibration easier. They both offer an easier way to
calibrate than the old style nozzle tables

The sprayers are delcihvneirqgeude owimahn uaa | i Sapnrda yt hTi es
reference.
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Hydraulics

Some hydraulic symbols

Pressure or return line
------- Pilot line

— —.— Two or more
function in one unit

—*——  Flexible hose

l-r 4 Union
—+ <~ Cross

Test point

Spring

Restrictor

Plugged point

Return
above/below
liquid level

Check valve

Symbols

Hydraulic symbols are the language used to help us understand the principles of a
hydraulic system. If we need to do trouble-shooting on a system, then we need to
understand it. A hydraulic diagram with hydraulic symbols can give us this

understanding.

Initially, it takes time to understand the symbols but after a while, it becomes easier and
easier to remember them and understand the systems.

When physically working with hydraulic systems, there are three golden rules:

1 Cleanliness
1 Always wear gloves
1 Never remove safety valves
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Hydraulics

Cylinder description

oD ID | RD

Cylinder number
78xxxx. Usually
on base

+ OD =50 mm

* ID =40 mm

* RD =25 mm

+ S=300 mm

Description is therefore 50/40/25 - 300

Cylinders and seals for hydraulic fittings

The cylinder reference number is handy if you need to order a seal kit. With the correct
cylinder reference, a cross reference to the correct seal kit is available in the spare parts
information.

If no reference number is found, measure the outer diameter of the cylinder, then
subtract 2 x 5 mm, as the HARDI cylinder wall is typically 5 mm, to obtain the inner
diameter of the cylinder. Now measure the outer diameter of the rod or the stages of a
telescopic unit. The last value is the stroke length in millimetres.

The HARDI reference number of most hydraulic cylinders starts
with the digits 78 followed by 4 or 6 digits.

The HARDI reference number of most pre-packed seal kits
starts with the digits 75 followed by 4 or 6 digits.

Up until 2012, the seals for hydraulic fittings were of the tapered
type. From 2012, the seals were changed to the ORFS (picture
insert is O-Ring Face Seal). The new fittings cannot be fitted to
the old fittings. The flat face fittings are fitted with an O-ring to
ensure an easier and better seal.
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Hydraulics

Open and closed tractor hydraulics
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Open and closed centre tractor hydraulics

Some tractors produce a constant flow of oil for the implements and other tractors only
produce the amount needed. These systems are called open and closed centre
hydraulics respectively.

Open centre

The tractor oil pump produces a constant and continuous flow that returns to tank when
implement has no oil usage. Activating a function on the implement closes the oil return
to tank and causes the pressure to rise and function to be activated. The oil pump
safety valve dumps oil once the flow to the implement stops. Typical maximum pressure
values are from 195 to 210 bar (2800 to 3000 psi)

Closed centre

The tractor oil pump is variable and only produces a flow when the implement function
is activated. Activating a function on the implement causes the pump to produce more
flow until the pressure activates the implement function.

Open centre tractors need a by-pass on the sprayer. If this is not present, the oil will be

at high pressure and re-circulate via the tractor safety valve which in the end may cause
the oil to overheat.
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Hydraulics

Simple | ever cont rhydraulieally ciohd reod d e de IfieZoot r o

Leverfor double
acting hydraulic

“Z”. Tractor
hydraulic
activation

Leverfor single
acting hydraulic

Single acting
hydraulic to
sprayer

Double acting
hydraulics to
sprayer

Ve /<4

HARDI AYAoahgdraul ic function

The remote operation of the sprayer reduces operator contamination and often
necessary as sprayers become larger and larger.

The simple remote operation of the boom hydraulics is done via the hydraulic levers on

the tractor. At HARDI, we call this the
Single acting operation is where the weight of the component forces the oil back to the

tractor. It requires one outlet on the tractor.
Double acting operation is where the oil direction can be reversed to force the

component to perform the opposite function. It requires a double outlet on the tractor.

If the sprayer has many hydraulic functions, the tractor will not have enough hydraulic

outlets. By using an electric control over the hydraulics, one double acting tractor outlet

is sufficient to control the sprayer. At HARDI, we call this

the sprayer has a control box for the hydraulic functions. It requires a double outlet on

the tractor.
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Hydraulics

Tractor hydraulic block

\\\\\\.\\ e
\\\‘\ !

Tractor oil supply

The tractor oil supply is often adjustable and it may need to be matched to the sprayer
requirements. Excessive supply can result is violent boom movements and little or no
damping effect on tracking systems.

This is often overlooked when operators change the tractor and implement combination.

Consult the tractor instruction book or use the below procedure to set the flow:
1. Set tractor oil flow to max.

2. Note time to raise boom

3. Reduce oil flow until time to raise boom is reduced (A)

4. Increase oil flow setting a little (A)

For a sprayer with boom plus tracking hydraulics, the maximum oil usage is approx. 35
I/min. (9.2 US gal/min)

For sprayers with tracking and boom management systems, the sensitivity test should
also be re-done.
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Hydraulics

Boom Y hydraulics for DELTA (LPY) 2005

BOOM BOOM OUTER
RAISE/LOWER SECTION, LEFT

K BOOM INNER
SECTION, LEFT
: E| G| I K
4 O

,_@ | . |

\ _\1 o \ TRANSPORT

i 8) l ] i LOCK CM |

; ; ‘ ::ZI BOOM INNER
HO ! ¢ 1 SECTION, RIGHT

'
o

________________________ I N R D
Fl H L BOOM OUTER
SECTION, RIGHT

HARDI Y hydraulics

The single acting function is used to raise the boom. It requires one outlet on the

tractor.

The double acting function to fold and unfold the boom requires a double outlet on the
tractor and the connections on the diagramaremark ed AP0 ( Pressur e)
return to tank).

A spring loaded safety-r et ur n valve marked A1200 will
return line if the pressure exceeds 120 bar (1740 psi).

If the tractor hydraulic system is worn, oil will weep back to i T @nk)(ahd the boom wiill
lose its rigidity. The non-return valve, fitted after the safety valve, prevents oil returning
to the tractor.

The oil pressure at P port opens the non-return valve on return side, allowing oil to flow
back to tractor tank via the T port allowing cylinder movement.

The restrictors, E, G, | and K, can be adjusted to reduce the oil flow to prevent boom
damage if the movements are too violent.
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By-pass block, Ref. No. 782145 / 78220500
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Z hydraulics; By-pass block

The by-pass block is needed for tractors with open centre hydraulics or if using load
sensing from the tractor.

When no hydraulic function is in use, the solenoid valve will be open. This causes the
flow regulator to slide to open position and the oil is circulated back to the tractor.
When a hydraulic function is activated, the solenoid valve is also electrically activated
and will close. This causes the flow regulator to close, and thereby the pressure
increases which in turn can carry out the activated function on the sprayer.

If the by-pass block is fitted to the sprayer, the sprayer can be used with all tractor
hydraulic types. The below table indicates settings. This information is found in the
sprayer instruction book

Tractor hydraulics 1 2 3
Regulator | Valve 0 Load sensing

Open centre Out Out Not fitted
Closed centre In In Not fitted
Load Sensing In Out Connected
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DAH boom block
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Direct Acting Hydraulics

The Direct Activating Hydraulics (DAH) has spool
valves at every function. The solenoid valve pushes
the spool in one of two directions to open an oil flow
to the cylinder.

T he A Adormallylcauses the cylinder to extend
and the ABO valve to retr

The older solenoids had buttons on the ends so in case of electrical failure, the boom
functions can be operated manually by pushing on the buttons. Oil pressure to the
hydraulic block is necessary and for an open centre hydraulic system, you had to set
the by-pass block to closed centre for this emergeny operation.
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DH boom block
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Direct Hydraulics

The Direct Hydraulics (DH) has only one
spool valve to change the direction of the
oil flow.

The other valves are of the solenoid
ON/OFF type. They allow oil to flow to and
from the cylinder or seal off both cylinder
ports.
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Hydraulics
TWIN STREAM hydraulics
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HARDI TWIN STREAM Hydraulics

The HARDI TWIN STREAM air-assisted boom uses the tractor hydraulics to drive the
hydraulic motor on the boom.

The tractor must be able to supply about 40 I/min (10 gpm) of oil. If the tractor oll
filtration is dubious, an in-line oil pressure should be fitted to the sprayer.

The crankcase of the hydraulic motor needs a drain line to allow oil used to lubricate the
motor to return to tank. If the drain line is not connected, it will cause the shaft seal on
the motor to fail.

The sprayer is supplied for use with open-centre
hydraulics. For closed-centre hydraulics, the by-pass on
the hydraulic valve block needs to be blocked off. The
sprayer is supplied with an extra nipple (C) that has no
perforation. Exchange it for (B).

-76 -



6

Hydraulics

TWIN FORCE hydraulics
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HARDI TWIN FORCE Hydraulics

The hydraulic transmission of the TWIN FORCE is self-contained as it has its own
hydraulic pump to drive the two fan motors.

The pump is driven from the tractor PTO via a through shaft on the spray liquid pump to
a step-up gearbox with a ratio of 1:3. A 10 micron filter in the circuit maintains the oll

purity.
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Booms

A self-propelled sprayer with an 8-metre frontmount ed boom from the 196006s

The task

The boom has the simple task of holding the nozzle at a set height over the target. This
is relatively easy with a small 6 m (18 ft.) wide boom but becomes increasingly difficult
when booms become wider, travel faster and when turning at the headland.

Booms must also be robust, offer nozzle protection, be compact when in transport, have
minimal maintenance requirements and be able to sustain ground strikes without
sustaining damage.

Wider booms are typically suspended so as to have an independent freedom of
movement from the sprayer chassis. Trapeze and pendulum linkage suspensions are
most common.

It is a major advantage that the boom mass is as light as possible so the construction
lasts longer and the soil compaction is minimal. Lightweight high tensile tubes are often
used for this reason.

Some booms are air-assisted to increase spray capacity and reduce pesticide use.

Wide booms benefit from electronic boom management systems to maintain the set
height.
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Booms

Suspension of trapeze and pendulum booms
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Boom suspensions

Trapeze and pendulum linkage suspensions are commonly used. When spraying, the
boom is unlocked so it is independent of chassis movements. This helps maintain a set
height over the target and also protects the boom from self-destruction.

If the user sprays with the boom suspension in locked position, the boom will be
severely damaged within a short time span.

The lock function is used to ease folding and unfolding of the boom.

Boom stability and longevity will also be increased with axle suspension and tandem
axles on trailed sprayers and suspension in the lift mechanism of the central boom
section.

HARDI favoursi A0 trapeze and simple pendulum | i nk:

latest boom models like TERRA FORCE and DELTA FORCE booms combine features
of both linkage suspension systems.
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Booms

A trapeze suspension
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Always compensate to keep boom horizontal

The A trapeze

The trapeze suspension is favoured on smaller and older HARDI booms. It is used on
MB, PRO, TWIN STREAM and EAGLE booms.

It is a simple construction and reasonably stable when turning.

It is somewhat slower to react and requires more routine service and adjustments.

The Pendulum

The pendulum suspension is on most of the HARDI booms over 20 m (60 ft.). It is used
on DELTA, FORCE and TWIN FORCE booms.

It is quick to react and does not require much service or maintenance.

It is not stable when turning as the centrifugal forces cause the boom to dip on the inner
circle side. For spraying along hillsides, it will require a slant compensation system.
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Booms

A trapeze suspension

Pendulum suspension

The A trapeze

I n the AAO0O trapeze, a virt amlinesatefoffowadsi on p o
upwardssohence t he name AAO suspension.

The mechanism must not be too tight as this will hinder the movements or too loose as

this may allow excessive boom movement. It also needs regular lubrication.

The Pendulum

The system can best be comparedt o a A Gr alacH Wwith thehpendwdum being
able to freely swing from side to side. Four service-free arms stabilise the centre boom
part in position.
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Booms

The smaller booms

Name Code Size (metre) Notes

Small Boom SB 6to 10 Mo suspension,
manual cross folded

Medium Boom MB 12 Trapeze, 3 7
manual cross folded B
s
TWIN STREAM HAL 12 to 15 Trapeze,
air assisted
PRO WVHY 12 to 18 Trapeze
WHZ 12 to 18
VPZ 20 to 24
EAGLE SPB 18 to 21 Trapeze
SPC 24 to 30

Boom abbreviation codes and names

The HARDI booms have a common name and code. The code letters are abbreviations
of the common name and can al so indicate t h

Code and common name

SB Small Boom

MB Medium Boom

HAL TWIN STREAM HARDI Air-assisted Light

VHY PRO Vertical HARDI Y hydraulics (tractor lever operated)

VHZ PRO Vertical HARDI Z hydraulics (electro-hydrauliclly operated)
VPZ PRO Vertical Pommier Z hydraulics

SPB EAGLE SPring B version

SPC EAGLE SPring C version
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Booms

The bigger booms

Name Code Size (metre) Notes
DELTA LPY 18 to 28 Pendulum
LPV 18 to 28
LPZ 18 to 28
DELTA FORCE DDZ 32 to 36m Pendulum
FORCE HPZ 24 to 36 HPFZ =Pendulum
FTZ 24 to 36 FTZ =Trapeze (AUS & USA)
TWIN FORCE HAY 18 to 30 Pendulum, air assisted
HAZ 18 to 36
TERRA FORCE TDZ 36 to 42 Pendulum & trapeze

Code and common name
Light Pendulum Y version

Light Pendulum V version

Light Pendulum Z version
Delta Dynamic centre Z version
Heavy Pendulum Z version

LPY  DELTA
LPV  DELTA
LPZ DELTA
DDZ DELTA FORCE
HPZ FORCE
FTZ FORCE

HAY  TWIN FORCE
HAZ TWIN FORCE
TDZ TERRA FORCE

Force Trapeze Z version
Heavy Air-assisted Y version
Heavy Air-assisted Z version
Terra Dynamic centre Z version
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Booms

Setup guide from the instruction book of the 1982 MINI Variant wit h10 spouts

Air-assisted booms

The HARDI TWIN FORCE and TWIN STREAM are air-assisted booms. With the TWIN
system, it is possible to infinitely adjust the air volume from no air to maximum air. It is
two sprayers in one and hence the name TWIN. The TWIN system increases crop
penetration of the pesticide and sprayer capacity. It reduces spray drift, water volume
rate and pesticide dosage.

The TWIN concept grew from the HARDI MINI Variant, a 6 m (20 ft.) sprayer for
strawberries. It had 10 individual spouts that could be angled according to the crop. The
benefits of this application method soon found its way to broad-acre crops. The TWIN
system producing a curtain of air through a slot that could be angled forwards and
backwards became commercially available in 1987. Both air volume and spray angle
can be adjusted on the go.

The customers using the TWIN claim 64% higher spraying capacity, 32% drift reduction,
30% in pesticide savings and use 30% less water.
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Booms

HARDI TWIN FORCE with and without air showing the marked increase in spray drift

Wind from back of sprayer; slot angled back Headwind; slot angled forward
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Air-assisted booms
The TWIN FORCE system is self-contained with a hydraulic pump and two hydraulic

motors to power the two fans on the sprayer. Boom sizes start at 18 m (60 ft.) and end
with 36 m (120 ft.). The boom has a pendulum suspension.

The TWIN STREAM is a smaller, economical version where the tractor supplies the oil.
The sprayer only has one hydraulic motor to power the one fan on the sprayer. Boom
sizes are 12 m (40 ft.) and 15 m (50 ft.) and both have a trapeze suspension.
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