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Abstract

The paper presents an innovative automatic tomato grafting machine prototype
developed following an extensive investigation on devices involved in grafting
operations. The machine features a modular structure, with a module dedicated
specifically to picking up the seedlings and cutting and splicing the rootstock
and scion. One or more modules can be connected in parallel to a station which
sorts, loads and unloads the seedlings. The grafting module has an innovative
geometry and cutting station, original geometries of the gripper fingers
(realised after several studies and tests) and it is controlled by means of an
electro-pneumatic circuit and a PLC (Programmable Logic Controller). The
system showed a good performance in the preliminary tests here presented,
carried out on this grafting module.

Keywords: Automatic grafting machine, Electropneumatic control, Automatic
grafting machine, Herbaceous grafting machine, Machine for an
automatic tomato grafting process. Tomato grafting machine.
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1. Introduction

Vegetable grafting is used for tomatoes, eggplant, sweet peppers and the like to
produce plants that are more resistant to soil-borne disease and thus require fewer
pesticides [1-3]. The practice has a number of implications for environmental
sustainability: in addition to reducing pesticide use, it results in higher quality
products, better yield and more robust crops.

Specifically, grafting vegetable seedlings consists of selecting a plant whose
upper portion, called the scion (SC) has desirable fruit and shoot traits, and a plant
with a good root system, called the rootstock (RS). The weakest portions of the two
plants are cut and the stems are then matched together and joined for example with
a small silicone clip to create a more robust plant. Though vegetable grafting began
as an entirely manual process performed by specialized personnel, the development
of semiautomatic machines, and later of fully automatic machines, has improved
grafting quality, ensuring good cycle times and virus-free growth.

In general, the need to automate the grafting process gave, as a result, the design
and the construction of automatic machines [4-18] capable of carrying out all stages
involved in grafting tomatoes, eggplant and sweet peppers. The geometrical
configuration observable in these machines is different and uses linear or rotative
platforms to move and to manage the plants.

During these years several commercial-type automatic (or semiautomatic)
machines for vegetable grafting have been developed [1-8] often for a wide
production and quite expensive.

Stem alignment is highly important in ensuring that the grafted plant will be
able to grow correctly, while guarding against viruses and infections is also
essential. The alignment was realised using various techniques and sensors [4-7].
The solutions to join together the two stems are also realised in various ways, such
as using clips or adhesive bands.

In the past the Department of Mechanical and Aerospace Engineering
(DIMEAS) Politecnico di Torino carried out various studies on the automatization
of some working operations useful in agriculture [10, 11].

This paper presents an innovative low cost automatic tomato grafting machine
prototype developed in DIMEAS during a co-operation with the University of
Torino Department of Agricultural, Forestry and Food Sciences (DISAFA). The
machine is fully automatic and handles 3 to 5 week old tomato seedlings [8, 13,
14]. As the other similar systems, this device is important to graft plants, in order
to obtain stronger crops capable of reducing the use of pesticides using automatic
machines: this is a significant factor both for the environment and for a more
inexpensive use of these products.

Other automatic machines for tomato grafting nowadays available on the market
have, generally, wide dimensions and weight, complex structure and high costs
furthermore realising the whole grafting process in a good cycle time (about 6 s).
The operator only acts in the beginning of the grating process to insert or to remove
the plants to treat [1-5].

Other systems are only semiautomatic machines where the phase fully
automatized is only the grafting phase [17, 18].
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Often the grafting machines are realised using a circular table, moved in order
to do the various phases of the grafting process. In some machines the stems junction
is realised using an adhesive tape instead of a silicon clip, but this solution can
complicate the machine structure and its maintenance [17].

In comparison with these solutions, the prototype here presented has an easy
structure, low weight, dimensions and costs. It can use more than one module put
in a parallel configuration. All the modules can be connected to a unique device
that moves the plants and has the vision system to select them. In this way the
performance of the system can be improved using more than one grafting module
here presented.

The prototype here presented wants to realise a system capable of guarantying
easy and cheap solutions in the main operations of the grafting process, such as: a
proper cutting station, capable of giving a good surface in the cut stems thank to
the inclination of the blade; a picking up action of the stem using innovative gripper
fingers designed by the authors for the prototype; a proper alignment of the stems
using the pneumatic cylinders endstroke (this allows to simplified the construction
having a good precision in this operation); a complete working cycle capable of
connecting the prototype to outside parts for the automatic selection and movement
of the plants; a proper emergency cycle that allows to obtain the initial
configuration in the prototype after an emergency event; a good cycle time; low
dimensions; low cost.

All of these characteristics can help to distinguish this prototype and give it an
interesting structure and design for the tomato grafting process.

2. Prototype description

In this paper authors analyse the DIMEAS grafting prototype, that is the key
module of a wide grafting machine study, that will comprise load and discharge
modules, vision systems for selection of plants and to assure high production
quality. This grafting module was developed through a wide and comprehensive
design process.

This prototype configuration is the result of several studies of the authors, based
on previous layouts where the scion and the rootstock treatments were developed
on two parallel lines [13]. These solutions have great sizes and complicate the
phases of the plant’s selection from the outside modules and the grafting area.

The DIMEAS grafting prototype here presented consists of a rootstock and
scion picking up area; a cutting station; a splicing station, with a clip picking up
and positioning phases; a grafted seedling unloading station.

In particular, tomato seedlings between 3 and 5 weeks old were analysed thanks
to the help of four different Italian nurseries (Fig. 1), that gave important information
about the stem length (a in Fig. 1) and the stem diameter (d in Fig. 1) of these
seedlings. This allows the design of the prototype, as these plants are hard to handle
and they required to construct the gripper fingers properly, to choose the best layout
for the actuators and to realise a functional geometry for the cutting stations.

The problem of the variation of the seedlings dimensions was solved designing
specific and original extensions of the fingers for the grippers, capable of handling
various kinds of seedlings without any damage, as explained in a following
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paragraph. The layout of the rootstock/scion picking up, cutting, splicing stations,
together with the dimensions of the actuators and their supports and the kind of the
clips selected, were then properly studied to treat these seedlings and the experimental
results demonstrate the reliability of the prototype. In Fig. 1 the information on the
seedlings dimensions here considered are illustrated (1 mm = 10" m).

/’_\ NURSERY | COUNTRY SEEDLING
/._—\\ DIMENSIONS.
a(mm) | d{mm)._
a d 1 Italy 25 from-1-
L to-2
2 Italyi 30 22,3
3 Italy 50 from-1,7-
to-2,1..
4 Italy from-40- | from-1,5
a-=-stem-length;-d-=-stem-diameter to-50 to-2,0

Fig. 1. Relevant seedling dimensions (1 mm = 10 m).

2.1. The DIMEAS grafting module layout

The DIMEAS grafting module is illustrated in Figs. 2. Workstations are mounted
on a rectangular aluminium base (1.3x0.5 m, thickness 0.015 m), while overall
height is 0.30 m for the actuators and 0.65 m for the clip magazine. Figures 2 show
the positions of the rootstock (RS) and scion (SC) picking up and cutting stations
and the names assigned to the actuators, including the clip actuators. The legend of
Figs. 2 is shown in Nomenclatures. This final layout is the result of extensive studies
of various possible designs. In particular, the rootstock and scion pickup stations
are located at the cutting station, as cutting is performed immediately after the
seedlings are picked up. The pickup gripper bases then rotate by 90°, bringing the
cut rootstock and scion to the splicing area, where another actuator applies a clip
taken from the clip magazine. Subsequently, all actuators retract, and the grafted
seedling remains in the rootstock gripper, which rotates back to the pickup/cutting
area. Here, the seedling is unloaded into the receiving container and moved to the
collection tray. In particular Fig. 2(a) shows the layout of the prototype, with the
various areas: rootstock (RS) picking up and cutting area; scion (SC) picking up
and cutting area; the area for the clip picking up phase; the PLC (Programmable
Logic Controller) and EV (electropneumatic valves) area for the control and the
realisation of the whole working cycle. Figures 2(b) show the layout of the
prototype also evidencing the plants during the grafting process. The grafting module
is provided with a total of 15 pneumatic actuators (Figs. 2(b) and (c), details in
Nomenclatures), including three single-acting grippers for rootstock, scion and
clip, and five rotary actuators for rootstock, scion, cutting cradle and clip handling.
Each actuator is provided with two switches. All of these components are produced
from SMC Corporation (Japan). The grafting module is also equipped with a signal
exchange simulator to provide a clearer picture of how the grafting module can
work in the future with another automatic system doing the movement of the plants
and with a vision system for the choice of the rootstock and of the scion [14].
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(a) DIMEAS grafting prototype layout.
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(©) Details of the pneumatic actuators.
Fig. 2. Details of the DIMEAS grafting module.
2.2. The electropneumatic control circuit

The automatic grafting module control is achieved by means of an
electropneumatic circuit and a standard Programmable Logic Controller (PLC)
(from Rockwell Automation, U.S.A. company) [19] without any bus
communication system. The grafting module operates at 24V DC with compressed
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air at 5 bar (1 bar = 10° Pa). Figure 3 is a flowchart of the entire grafting module
work cycle.

START rootstock/scion actuators rotation
towards the junction area

]

clip picking up phase and clip actuator
rotation towards the junction area

\
rootstock/scion stems junction and
grafted plant creation

DIMEAS grafting module
and I/0 autodiagnosis

J

DIMEAS grafting module reset

phase (for start or for emergency)

clip gripper opening, clip actuator withdrawing, scion
gripper opening, scion actuator withdrawing

rootstock actuator rotation towards the unloading
grafted plant area, OUT5 to request the contenitor

eck for

grafted plant contenito

N1/IN2 test to sta
ootstock/scion picking up
phases

. NO
OUT3 and 4 for rootstock/scion

picking up phases end and
cutting phase start

‘ YES

OUT®6 to point out grafted plant

ready to be unloaded

Fig. 3. Details of the work cycle and of Input/
Output signals exchanged with the simulator.

The cycle starts by resetting actuator position and diagnosing grafting module
conditions, especially the state of the INPUT/OUTPUT signals exchanged with
INLET/OUTLET - MOVEMENT - SELECTION PLANTS prototype. The
grafting process then starts with two independent picking up and cutting cycles,
one for the rootstock and the other for the scion. The rootstock and the scion
actuators rotate to the splicing area, where the clip actuator takes the clip from the
magazine and applies it to the two cut stems, splicing them together. Lastly, the clip
actuator retracts, the scion gripper opens and the grafted seedling, supported by the
rootstock gripper, is rotated to the unloading area (which is also the rootstock
picking up area). The rootstock gripper unloads the grafted seedling, and a new
grafting cycle can start. In particular the meaning of the I/O (Input/Output) is: IN 1
scion arrival, IN 2 rootstock arrival, IN 3 grafted plant trolley free, OUT 1 scionin
movement, OUT 2 rootstocks in movement, OUT 3 scion requests, OUT 4
rootstock requests, OUT 5 movement of the grafted plant request, OUT 6
movement of the grafted plant. The complete grafting module work cycle also
includes an actuators position reset cycle if an emergency situation occurs. During
the reset cycle the actuators were retracted in a sequence of movements that
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prevents them from fouling after a sudden machine shutdown. Test results were
encouraging and demonstrated that the entire prototype operates correctly.

2.3. Seedling pickup station

The rootstock and scion are handled by pneumatic commercial grippers,
constructed by the SMC Corporation (Japan) (from the manufacturer catalogue,
model MHCM2-7S, opening angle from 20° to -7°, dimensions about (23x15
x10)x10° m, mass 0.0095 kg).

They were provided with two specially designed finger extensions to ensure that
stems are securely grasped without damage. Several different finger configurations
were designed and constructed in order to select the optimal one.
CONFIGURATION 1: the extensions feature two V-shaped end sections which
overlap when closing so that the seedling stem moves to the centre of the finger
extensions. As each V-shaped end section is 0.002 m thick, the overlapped end
sections have a stacked thickness of 0.004 m. CONFIGURATION 2: the second
design is similar to Configuration 1, except that rubber pads are provided on the
extensions so that the stem can be grasped without distorting it. The limitations of
this configuration include pads must be correctly cut so that they do not interfere
with grasping the stem; pads must be precisely bonded; pad bulk must be
minimized. CONFIGURATION 3: the third extension design is an attempt to
improve Configuration 2. The limitations of this configuration include pads must
be precisely cut to the correct profile; less space is available for the stem.
CONFIGURATION 4: the fourth extension design is an improvement over
Configuration 3 and solves the problem of the seedling stem centring area. As
rubber pads are still used, the limitations of this configuration are the same as in
the previous case. CONFIGURATION 5: based on Configuration 4, this design
attempts to solve the stem centring problem by using protruding rubber pads along
the entire V-shaped profile in the stem gripping area. The limitation of this
configuration is that the pads make it difficult for the stem to slide towards the base
of the V. CONFIGURATION 6: the sixth extension design, which is an
improvement over Configuration 4, is illustrated in Fig. 4(a). The rubber pads are
no longer used, and the seedling is grasped in the V-shaped centring members. As
the results obtained with this design are very good, these extensions are used in the
final prototype. In fact, they allowed to handle both the scion and the rootstock
stems without any damage but guarantying a proper and sure gripper action,
avoiding any movement of the two stems during the cutting phase and then during
the alignment of the stems and during the clip positioning phase. The achievement
of this solution is the hole geometry obtained between the two fingers closed,
results of several design and experimental processes. The experimental results of
the plant picking up and handling were initially carried out with one actuator and
using the various kinds of fingers, so selecting the optimum configuration.

In Configuration 6, the extensions differ from the other designs as follows: the
extensions are straight; the tips are chamfered to reduce weight; closing action
makes it possible to centre and grasp stem diameters of 0.0015 m or more. The
extensions were constructed of aluminium. Configuration 6 was found to be the
most suitable for centring and grasping seedlings without damage. Here the
extensions as constructed are illustrated in Fig. 4(a), which shows the commercial
gripper (1) with its fingers (2) and the connections (3) with extensions (4) and (5).
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(a) Rootstock/scion gripper finger (b) Rootstock/scion gripper and
extensions. tests.

Fig. 4. Final configuration of the scion/rootstock gripper
finger extensions and example of tests of grasping action.

Gripper details are shown in Fig. 4(b), that shows the actuator with the gripper
and its finger extensions under test, handling the seedlings. Gripper and finger
extensions characteristics are such that the force applied to the stem at a pressure
of 5 bar is approximately 0.20 N. This force is further reduced by the gap properly
realized between the gripper fingers extensions and the stem. This gap prevents
damage to the stem and also ensures that seedlings with slightly varying stem
diameters can be grasped correctly.

Experimental tests carried out on 3 to 5 weeks old tomato seedlings with the
single test bench shown in Fig, 4(b) and then with the whole prototype
demonstrated that this fingers extensions configuration does not damage the stems
and guarantees that they are securely held even after cutting.

2.4. Cutting station

The two cutting stations, one for the rootstock and one for the scion, consist of a
pneumatic actuator carrying the cutter blade and a cutting cradle. The actuator is
inclined by 45° in order to make a cut at that angle, which increases the cut surface
area and thus promotes successful healing of the graft union. The cutting cradle is
positioned behind the stem so that the blade contacts it at the end of its stroke. As
tomato seedling stems have a high water content, the system must be capable of
cutting each stem cleanly, with no ragged edges that could jeopardize the graft’s
success. Extensive studies of the cutting station configuration were carried out in
order to identify the best arrangement for the actuators and their angle. The cutting
operation consists of the following stages: rootstock and scion are positioned to
prepare for cutting; the associated cradles are rotated by 180°; cutting cylinders are
actuated; blade cylinders and cradles are returned to their original position. Figures
5(a) and (b) show details of rootstock gripper and scion gripper positions relative
to the blade, together with an example of the cutting operation.

The rootstock cutting operation is illustrated in Fig. 5(a). The figure shows the
gripper positioned as close as possible to the root ball in order to leave ample room
for the cutting action, which takes place approximately 0.018 m above the root ball.
The cutting action on the scion takes place at approximately 0.008 m from the root
ball (Fig. 5(b)). Both cutter blades are mounted on actuators angled by 45°. Tests
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demonstrated that the cutting station configuration and cradles as designed and
constructed are effective.

endstroke scion blade
rootstock linear
scion gripper actuator
2
8
rootstock
rootstock blade gripper endstroke
linear actuator = scion blade
(a) Rootstock cutting station. (b) Scion cutting station.

Fig. 5. Details of the rootstock/scion cutting stations in the
final configuration realised (dimensions in mm; 1 mm = 10 m).

2.5. Splicing station

After the cutting operation, the grippers supporting the rootstock and the scion
respectively rotate to the central area of the machine, where the clip, that splices
the two cut stems together, will be applied. The positioning area for the clip is
illustrated in Fig. 6(a), while Fig. 6(b) illustrates the clip applied to the grafted plant.

In particular commercial silicon grafting clips (300138NT and 300134NT
series) were used, bought from Simonetti Plast Italian company. The clip must be
fully opened in order to apply it to the stems to be spliced. In the fully open
condition, the clip has an aperture of approximately 0.004 m. With stems ranging
from 0.0015 to 0.002 m in diameter, there is thus a clearance of 0.001 — 0.00125 m
per side between the clip and the seedling stem, which is sufficient for correct
positioning. The gripper takes clips from a specially designed clip magazine. It
consists of an upright support housing a wire. This wire holds the clips in position
and guides them downwards along a V-slot, at the bottom of which they are
retrieved by the clip gripper. The system operates by gravity.

The gripper and the fingers assembly are mounted on a linear actuator whereby
the clip can be taken from the magazine. This actuator is mounted on a rotary
actuator carried on a support. By means of the rotary actuator, the gripper can be
rotated from the clip picking up area to the rootstock/scion splicing area.

Alignment is accomplished entirely as a result of the precise positioning and
controlled stroke of the rootstock and scion actuators.

Experimental tests conducted on the grafting module indicated that this method
provides excellent alignment between the rootstock and scion stems, thus ensuring
that grafting is carried out successfully.
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The extensions are secured to the commercial gripper fingers by means of
threaded fasteners and feature two end plates for holding the clip, and two fins that
prevent the gripper from rotating. The gripper for the clip handling is constructed
by the SMC Corporation (Japan) (from the manufacturer catalogue: model MHC2-
10D, opening angle from 30° to -10°, dimensions about 48x20x10)x10% m, mass
0.022 kg).

(a) Detail of the splicing area. (b) Clip positioning.
Fig. 6. Splicing area.

They are 0.040 m long, spaced 0.006 m from the clip on both sides. Figure 7(a)
shows the commercial gripper (1), its fingers (2), the extension fasteners (3) and
the finger extensions (4). Figure 7 (b) shows the clip applied to the stem.

(a) Clip gripper. (b) Clip application on the stem.

Fig. 7. Details of the clip station (dimensions in mm; 1 mm = 10° m).

3. Results and Discussion

Preliminary tests were carried out with approximately 3 to 5 weeks old tomato
seedlings using this grafting module. Results were highly encouraging, as the
grafted seedlings were able to heal and grow regularly without developing diseases,
even though the prototype do not still have a blade disinfecting station, in
constructing project. Details of the spliced area under the microscope are shown in
Figs. 8(a), (b), (c) and (d), indicating the point where the two stems have
agglutinated correctly.
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grafted area

grafted area

(b) Cone cylinder boat-tail (4°).

(c) Proper grafted stems. (d) A detail of the stems junction
process.

(e) A plant properly grown up after the (f) Detail of a wrong grafting
grafting process. junction between the two stems.

Fig. 8. Some microscope images of a grafted area under visible
and infrared light and some details of the grafting process results.

Figure 8(e) shows a grafted plant. As can be seen, if the two seedlings differ in
diameter, the splice will be poorly executed (Fig. 8(f)), which will obviously slow
the agglutination process and the plant growing could be compromised. For
optimum results, it is thus important that an appropriate machine vision system be
provided to check that the rootstock and scion are geometrically similar.
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Several tests (test from 1 to 25) were carried out using scion with diameter
variable from 0.00175 to 0.0023 m and rootstock with diameter variable from
0.0018 to 0.002 m, with scion height variable from 0.035 to 0.057 m and rootstock
height variable from 0.035 to 0.055 m.

The tests were done analysing the actuator adjustment during the grafting
process, the grafting results, the splicing and clip selection, clip positioning and
use, the rootstock bent, the plants survival after the grafting process, alignment
between the scion and rootstock stems, the whole cycle test. Overall the preliminary
results obtained are good and give plants properly grafted and capable of surviving
after the grafting process carried out with this automatic system, as shown in Fig.
9, where the percentage rate of grafting success for 25 consecutive tests is
illustrated. The compatibility of the seedlings diameter with the splicing clip is
important to prevent slipping which could be detrimental to the graft’s success.
Accordingly, clip retention tests were carried out by checking manually that the
correct interference is established between the grafted seedling and the clip.
Preliminary results were positive.

120

100 -

Grafting percentage
success rate (%)

123456 7 8 910111213141516171819202122232425

Test number

Fig. 9. Grafting percentage success rate in some preliminary tests.

From these preliminary results the mean value my, the variance s? and the
standard deviation s; can be calculated. In particular the values of these parameters
were evaluated considering the indication “TRUE” for the grafting success results
obtained at 100% and “FALSE” for the grafting success results obtained at 0%.
The values obtained are: my = 0.84; variance = 0.14; standard deviation = 0.37.
Considering that the prototype here presented is the first version and these are the
first tests carried out with it, in comparison with others automatic machines already
available on the market, these results are good and demonstrate the reliability of
the prototype here presented (in it there are grafting success rate 84% in comparison
with 98% in already commercial systems, cycle time about 12 s in comparison with
6-9 s in already commercial systems; grafting process fully automatized; one
operator required; easy and cheap construction with low dimensions weight and
cost; possibility to treat different seedlings; proper reset cycle for emergency
situations) . The clip picking up and positioning phases have also a proper success
rate (99%). The performance of this grafting module can be improved using more
than one module in a parallel configuration, with the same system to move and to
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select the plants. The preliminary experimental tests demonstrate that the grafting
phase is quick and sure and practically all of the grafted plants are capable of
surviving after the grafting process (survival success rate about 97%). The total
grafting module cycle time is approximately about 12-14 s with seedlings. In Table
1 authors present the time-sequence diagram (operating sequence) in order to give
a better explanation of the prototype working cycle time.

Table 1. Operating time-sequence diagram.

Phase  Description Time (s)
1 Start -

2 Scion and rootstock picking up phase 1.8

3 Scion and rootstock cutting phase 2.0

4 Scion and rootstock actuators rotation towards 25

the junction area, clip picking up and clip
actuator rotation towards the junction area

5 Clip positioning on the two aligned stems 1.8

6 Scion and clip grippers opening and actuators 1,0
withdrawing

7 Rootstock gripper rotation towards the grafted 1.3
plant unloaded area

8 Grafted plant unloading 2.0

The expected cost of this prototype, when ready for the market, can be estimated
equal to about 6000 euros. Its advantage is to realise an innovative, automatic and
sure solution often using commercial components and low dimensions. In this
prototype the grafting main phases time (about 6.3 s phase 3, 4, 5) is good and
satisfying. An improvement of the cycle time could be realised increasing the speed
in the rootstock/scion picking up and cutting phases. This could be possible
optimizing the pneumatic actuators speed, using for example quick exhaust valves.
Overall the use of a bus system communication between the device and its control
can give higher performance to the grafting module.

4. Conclusions

The paper presents an innovative automatic tomato grafting machine prototype.
The machine consists of multiple workstations. The preliminary results achieved
with actual 3 to 5 weeks old tomato seedlings were encouraging and demonstrate
that the machine is effective. In fact, this prototype is sure and quick in comparison
with the conventional grafted manual process and its dimensions, weight and cost
are low if it is compared to other tomato automatic grafting machines, furthermore,
having a good performance. Future improvements for the optimisation of this
grafting module include the study of possible actuators number and movements
reduction, the blade disinfecting station construction and the design of a portal
structure on which the module will be installed so that the unused offcuts from the
rootstock and scion can be eliminated by gravity.
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Nomenclatures
AA rootstock linear actuator (Fig. 2(c))
BB rootstock lifting actuator (Fig. 2(c))
cC rootstock rotative actuator (Fig. 2(c))
DD rootstock gripper (Fig. 2(c))
EE blade linear actuator for rootstock (Fig. 2(c))
FF rotative actuator for rootstock blade endstroke (Fig. 2(c))
GG clip rotative actuator (Fig. 2(c))
HH clip linear actuator (Fig. 2(c))
I clip gripper (Fig. 2(c))
LL scion rotative actuator (Fig. 2 (c))
NN scion linear actuator (Fig. 2(c))
00 scion gripper (Fig. 2 (c))
PP blade linear actuator for scion (Fig. 2(c))
QQ rotative actuator for scion blade endstroke (Fig. 2(c))
RR scion lifting actuator (Fig. 2(c))
a stem length, mm
d stem diameter, mm
Abbreviations
EV electro-pneumatic valve
PLC Programmable Logic Controller
RS rootstock
SC scion
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