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ELABORATION AND
RESEARCHES OF APPARATUS OF
CONTROL FOR HYDROPONIC
INSTALLATIONS

Introduction of hydroponic installations is a prospective
direction of agriculture, while they allow to get all-the-year-round fresh
vegetables, fruits and greenery, including their exotic kinds for some
regions. For provision of high efficiency of this equipment (minimal
expenses of energy, materials and time, maximal productivity of the
plants) there is important to supply the plants with optimal quantity of
nutrients  (nitrogen, potassium, sulfur, calcium, magnesium,
phosphorus, natrium), microelements (iron, boron, iodine, copper,
zinc, cobalt, molybdenum, manganese), acids, salts. Herewith
concentration of some from these additives can amount several
milligrammes. So, an actual task is an accurate batching of the
components of nutrients. There are several variants of an equipment
for the accurate batching of liquid solutions: valves with electric control
for feeding of fuel in jet engines (they have high price because of
utilization of expensive materials in their construction), hydraulic
engines with periodic turns of executive element for angle less than
360° (dont provide exact regulation of turning angle) and linear
electric-hydraulic engines (have other designation and design that
demands of improvement). Authors propose a scheme of improved
apparatus for accurate batching of the components of nutrients
hydroponic installations, created at the base of the linear electric-
hydraulic engine. The apparatus has a simple and reliable design and
provides a possibility of high accurate batching of the components of
nutrients. There are cited equations and formulas for definition of main
working parameters of the apparatus, that can be used for creation of
its method of design calculation.

Kee words: hydroponic installation, minimal expenses of
energy, nutrients, accurate batching, linear electric-hydraulic engine.
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providing Herewith concentration of some from these

possibility of receipt of fresh vegetables, fruits and
greenery in cold regions all-the-year-round and on
small squares [1-3]. At present time a lot of attention
is spared for elaboration of new more effective
methods of hydroponics and equipment for their
realization. But main parameters of efficiency of the
methods (expenses of energy, materials and time,
productivity of the plants, quality of products)
significantly depends from content of utilized
mixtures and their correct batching. Elements of
these mixtures are: nutrients (nitrogen, potassium,
sulfur, calcium, magnesium, phosphorus, natrium);
microelements (iron, boron, iodine, copper, zinc,
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additives can amount several milligrammes. So,
modern and efficient hydroponic equipment should
provide automated control and support with high
accuracy of content of additives depending from
content in leaves of plants of potassium, calcium,
phosphorus, natrium, nitrate nitrogen, magnesium
and other important elements [4]. Therefore, an
actual task is selection or elaboration of
apparatuses for control and batching of nutrients,
microelements, acids and salts.

Analysis of last researches and
publications. Let us examine main kinds of known
apparatuses for control of fluid’s supply that can be
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Fig. 1 Schemes of throttles: a) - throttle of thread mounting; b) - throttle of platen
mounting; c) - double throttle with check valves of module mounting; d) — tweaking

throttle "
Ofll [JO

used in hydroponic installations.One of most simple A
variants of these apparatuses are throttles [5]. Their - .
simplified schemes are presented at the fig. 1 [5]. o E : ’% N |
The apparatuses have reliable design but provide == |
only manual control of fluid’s supply by change of
an orifice size. That does not allow to realize an
effective optimal support of nutrients batching for a) Oz B O
many kinds of crops. Besides, scales of these WAYRVATRTT
apparatuses have no sectoring for exact ®
adjustment of certain orifice size or fluid’s supply.
Actually, for setting of an optimal mode of the
functioning of these apparatuses one should use an
experimental method of trials and mistakes [6]. This
causes significant losses of time in case of
adjustment of throttles of a hydroponic installation
for supplying of several different crops. Besides, as
we can see at the fig. 1, some of the throttles [
contain several details that are complex by form
and should be made with high accuracy.

Flow governors are used for regulation and .
support of supply independently from change of b) A B 2
pressure [5]. Unlike of throttles the flow governors t ﬂ @
provide more stable and accurate supply of working
liquid, but they have more complex and expensive  Fig. 2 Schemes of flow governors: a) — dual
design (fig. 2) [5]. Actually, these devices contain  line with a pressure compensator at the
besides of a throttle a pressure compensator. input; b) - dual line with a pressure
Adjustment of flow governors for realization of a compensator at the output
necessary optimal supply of working liquid is
realized manually, so this causes a decrease of
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efficiency of utilization of these apparatuses for
supplying of many kinds of crops. Besides, there
are no versatile formulas for calculation of
necessary amount of scale divisions of the flow
governors depending from a given supply of
working liquid.

The principle of operation of a direct-acting
flow regulator (fig. 3) is based on maintaining of a
constant pressure drop across a throttling device
with a constant hydraulic resistance. A constant
differential pressure across the valve with a

Fig. 3 Photos of direct-acting flow
regulators: a) — AB-QM (Danfloss); b) -
Kombi-FC (Honeywell); c) — Ballorex
Dynamic (Broen); d) — 42-36 (Samson)

constant hydraulic resistance guarantees a
constant flow through it. Water flow regulators
provide maintaining of a range of flow rates at the
expense of change of hydraulic resistance of the
throttling element during the adjustment process.
The throttling element's pressure difference is
maintained constant. In fact, an automatic water
flow regulator combines two devices - a balancing
valve and a differential pressure regulator that
closes with an increase in the maintained value. But
these apparatuses intended for functioning with the
continuous supply of working liquid because a
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principle of their operation is based on control of
supply depending from pressure of working liquid
and in case of unstable working or periodical turning
on and turning out of a pump of the hydraulic
system there is need some time for adjustment of
its working parameters. All this will lead to decrease
of functioning efficiency of a hydroponic installation
in case of introduction of the direct-acting flow
regulator.

The next type of apparatuses for supply
control are distributors for fuel components of liquid-
propellant engines (fig. 4). Their features are:
functioning in course of short time and with high
productivity, using in their design of heat and
intensive loading resistant materials, high price. So,
these apparatuses are not quite suitable for
operation in structure of hydroponic complexes.

Therefore, as we can see available
apparatuses for control of supply of working liquid

&g

Fig. 4 Photos of control apparatuses for
liquid-propellant engines: a, b) — hydraulic
throttle for flow regulation with electric
drive; c) — two-speed throttle of cam type
for turning over from main engine’s regime
into a throttling regime
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do not correspond to demands for their using in
composition of hydroponic installations.

Purpose formulation. A purpose of the
article there is elaboration and research of an
apparatus for effective and accurate control of
supply of nutrients for hydroponic installations in
course of batching of different crops.

Presentation of main material. With
examination of advantages and disadvantages of
above analyzed known equipment here were
elaborated demands for apparatuses for control of
supply nutrients:

1. A possibility of control with help of one
apparatus of open flow area of several throttles for
supply of different nutrients.

2. A possibility of an automatic stepless and
accurate change of the throttles open flow areas.

3. A possibility of previous determination of a
necessary movement of an executive element of
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the throttle for provision of given supply of the
corresponding nutrient.

4. A possibility of functioning in a continuous
and in a periodical regime of supply, with a quick
change of given supply in any moment of time.

5. A possibility of a change of supply
regardless of pressure of nutrients in the hydraulic
system.

6. A simple and reliable design of the
apparatus, its creation on the base of standardized
and normalized elements.

With consideration of these demands there
was elaborated a scheme of an improved apparatus
for control of supply of nutrients for hydroponic
installations. Scheme of this apparatus is presented
on fig. 5.

Fig. 5 Scheme of an improved apparatus for control of supply of nutrients for hydroponic
installations: 1 — input cavity; 2 — case; 3, 5 — output cavities; 4 — throttle; 6 — sealing; 7 —rack; 8,
12, 13, 15, 16, 17, 18 — gears; 9 — worm gear; 10 — worm; 11 — electromagnetic coupling; 14 —

stepper motor; 19 — control cavity

A nutrient moves from the cavity 1 of the
apparatus, through the cavities 19, 5 and further in the
hydroponic installation. An orifice size between the
cavities 19 and 5 is regulated with help of the throttle 4,
that can moved in the case 2 in an axial direction. The
movement of the throttle 4 and at once change of the
nutrient’s supply are adjusted with help of the stepper
motor 14. In case of necessity of supply regulation,
there is turned on the motor 14 and the friction coupling
11 with an electromagnetic control. As a result a
rotation from the stepper motor 14 is transmitted
through gears 13, 12 (the gear 12 is movable), worm
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gearing 10, 9 and rack transmission 8, 7. Actually the
rack 7 connected directly with the throttle 4. The step of
a standardized stepper motor can amount 0,5—2,0°[7].
This rotation is provided with high precision and with
frequency up to 1000 — 2000 Hz [8], so we have a
possibility of accurate and quick regulation of nutrient's
supply. From the same stepper motor 14 and through
gears 13, 18, 15, 16, 17 (the gears 18, 16, 17 can be
introduced in engagement with gears 13 and 15 with
help of electromagnetic couplings, that are analogous
to coupling 11). Rotation from the gears 16, 17, 18 is
transmitted to an analogous throttle (see position No 11
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at the fig. 5) and through analogous cinematic chains.
As a result, from one stepper motor 14 can be realized
an independent control of supply for up to eight various
nutrients. So, this apparatus corresponds to above
formulated demands.

Movement x of the throttle 4 depending from
turning angle ¢ of stepper motor’'s shaft can be found
by formula
Z123
x=¢_ty @

where z1, z2— amounts of teeth of gears 13, 12;
Z3, Z4—amounts of worm entry 10 and teeth of the worm
gear 9; t, — step of the rack 7.

The speed v of the throttle’s movement can
calculate as
o (2)

where n — linear rotation frequency of the
stepper motor’s shaft.

Then, change of nutrient's supply AQ
corresponding to the movement x we can define

AQ=m-D-x-v, (3)
where D — diameter of the cavity 19; v| - middle
speed of nutrient in this cavity.

Value of AQ we can also determine depending
from a maximal nutrient’s supply — Qmax in case of full
opening of the throttle’s orifice size (its corresponds to
the nominal supply of a pump of the hydroponic
installation). In this case we use the formula

-DX-Qmax
AQ =" 4
where x,., — @ maximal opening of the
throttle’s orifice size.

Equation of movement of the throttle 4 in course
of change of supply and relatively axle x (see fig. 5) can
be presented as

-m¥=F;—F,—-R,0<t<t, (5)

where m — mass of the executive element of the
throttle 4; Fq— driving force, that makes an impact at the
executive element 4 from the rack transmission (see
below); F, — a force, created by difference of pressures
of nutrient at the executive element 4; R — force of
friction in the sealing 6 of the throttle 4; t, — time of
regulation of the throttle’s orifice size.

The driving force Fq we can find by the formula

Fo =M nnendngnuiy 225 (6)
where M — a turning moment at the shaft of the
stepper motor 14; 7., M¢, My , Mg, Nw, M — COefficients
of efficiency of stepper motor 14, electromagnetic
coupling 11; ball-bearings in the drive (three pairs),
gearing 13, 12, worm gearing 10, 9, rack transmission
8, 7 [8, 10]; Da — dividing diameter of the gear 8 [8]

A formula for definition of the force F, we can get

from the known dependence [9]

Qu=n"2 22, 7)

where Q,— nominal supply of nutrient; y — a
coefficient of supply at the throttle 4 [11]; Ap — difference

m-D?
4
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of pressures, that creates the force Fy; p — a density of
nutrient.
So, from the formula (7) we can determine

n-D? 4Qn \2 D2 2:Qn2
Fp - ApT - g(u-n-Dz) T4 - uz-n:-Dpz' (8)
The force R one can calculate as [11]
R=01"F,. 9)
Conclusions. 1. For wide and effective

introduction of hydroponic installations there is need to
provide separate and accurate regulation in wide range
of supply of main nutrients (nitrogen, potassium, sulfur,
calcium, magnesium, phosphorus, natrium), and also
microelements, acids, salts depending from kinds of
crops and from actual content of the nutrients in their
leaves.

2. Known apparatuses for change of supply of
working liquids (throttles and flow governors with
manual control, direct-acting flow regulators, control
apparatuses for liquid-propellant engines) are not
correspond to main demands for an efficient control
equipment of hydroponic installations: a possibility of
automatic control of supply of several nutrients with
help of one apparatus; functioning in a continuous and
in a periodical regime of supply, with quick change of
supply’s value in any moment of time; a possibility of
supply change regardless of pressure of nutrients in the
hydraulic system; simple and reliable design of the
apparatus, its creation on the base of standardized and
normalized elements.

3. With consideration of these demands there
was elaborated a scheme of an improved apparatus for
control of supply of eight various nutrients for
hydroponic installations.

4. There are presented formulas and equations
for determination of basic parameters of the improved
apparatus: movement and speed of its executive
element in course of regulation' process, change of
nutrient’s supply, loading at the executive element.
These dependencies can be used for creation of a
method of design calculation of automatic high efficient
control equipment for optimal nutrients supply of
hydroponic installations.
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PO3POBKA TA OOCNIMXEHHA AMAPATYPU
YNPABNIHHA rNAPOMOHHUX YCTAHOBOK

BriposadxxeHHs1  2iOpPOMOHHUX YCMaHOBOK €
nepcrnekmueHUM HarnpsiMom CirlbCbKO20
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eocriofapcmea,  OCKiflbKu ~ 80HU  00380/IsIH0Mb
ompumyeamu uinud pik ceiki oeoyi, hpykmu ma
3efieHb, Yy moMy 4uchi iX exksomuyHi Ons OesKux
peeioHis  eudu. [na  OocsizHEHHs1  BUCOKOI
ecbekmusHocmi  Ubo20 obriadHaHHSl  (MiHIMarbHUX
sumpam eHepelil, Mamepiasie ma yacy, MakcumaribHOI
rpPoOGyKmMuU8HOCMI POC/IUH) 8aXIrueo 3abesnedumu
POCMUHU  ONMUMAasIbHOK  KillbKICMI0  erieMeHmie
JKUBIIEHHST (@30mMOM, KajslieM, CipKOK, Karbuiem,
MaeHieM, ¢hocghopom, Hampiem), MikpoernemeHmamu
(3arnizom, 6opom, iodom, MiOOK, UUHKOM, KObasTbImom,
Mos1i6OeHOM, Mapa2aHuem), Kucriomamu, consmu. lpu
UbOMy KOHUeHmpauisi 0esikux i3 uux 0obasok Moxe
cmaHosuUMU  Kiflbka  Mifligpamie. Takum  YUHOM,
akmyarbHUM 3a80aHHsIM € 003y8aHHS KOMIIOHEHMI
MOXUBHUX  peyosuH. IcHye Kinbka  eapiaHmig
obraGHaHHsi Ond  moO4yHO20 Oo3yBaHHsI  PIOKUX
PO3YUHIG: KranaHu 3 efieKmpoyrnpasriHHaM Ons
rodaui nanuea 8 peakmueHi 08u2yHU (Marompe 8UCOKY
8apmicmb 4Yepe3 8UKOPUCMaHHS 8 IXHIl KOHCmpPYKUi
Oopoeux mMamepiaris), eidpodsuayHu 3 NepiodU4YHUMU
r1080pOMamMu 8UKOHaB4Y0=20 efleMeHma Ha Kym MeHLwe
360° (He 3abesnedvyromb MOYHO2O peayrito8aHHs
Kyma rosopomy) ma JiiHiliHi enekmpoaiopaesiidHi
npueodu  (Maromb  iHWeE  Mpu3Ha4YeHHs  ma
KOHCMpyKUito, wo rnompebye 0oornpayto8aHHs).
Asmopu  NporoHyroms  cxeMy  800CKOHAareHo20
anapamy Ord MmMo4YHO20 003y8aHHS KOMIMOHEeHMI8
MOXUBHUX ~ PEeqyOoBUH  2iOPOMOHHOI  yCMaHOBKU,
CMBOPEHO20 Ha 6asi TiHitiHO20
efniekmpoeaiopaeniyHozo  0guayHa. Anapam Mae
npocmy ma HaliliHy KOHCMpyKUjto ma 3abe3snedyye
MOXKugicmb BLICOKOIMOYHO20 003y8aHHs
KOMIMOHEHMI8  roXueHUX  peyosuH. HasedeHo
pieHsiHHSI ma ¢bopmynu Ol 8U3HAYEHHsT OCHOBHUX
poboyux napamempie arnapamy, siki MOXymbs 6ymu

guKkopucmani Ornsi  CmMeopeHHsT MemoOuKU  Lio2o
MPOEKMHOZ0 PO3PaxyHKy.
Krnro4oei crioea: rigponoHHa ycTaHOBKA,

MiHiManbHi BUTpaTy eHeprii, NOXXMBHI peHOBUHW, TOYHE
[03yBaHHS, NiHINHWM enexkTporigpasnivyHWiA Npusos,.
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