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Abstract: The scion cutting mechanism of the traditional grafting machine cannot correct the bending degree of the scion 

seedling stem so that the cutting angle of the scion seedling is not standard and the survival rate of the grafted seedling is 

affected.  In this study, cucumber seedlings and watermelon seedlings were taken as experimental objects.  Based on the 

analysis of the geometric parameters and mechanical characteristics of scion seedlings, a scion cutting mechanism with holding 

seedling applied to cucumber seedlings and watermelon was designed and developed.  The main structure and operating 

parameters of V-shaped holding seedling block and cutting unit were determined, and holding seedling and cutting performance 

tests were carried out.  The test results showed that compared with the common arc clamp, the V-shaped holding seedling 

block had a better guiding and centering effect on the scion seedling, could better correct the bending state of the scion seedling 

stem, and the success rate of holding seedling of the V-shaped holding block reached 98.33%, which was increased by 13.33% 

compared with the arc-shaped clamp, and the seedling injury rate was only 1.67%.  The upper and lower two-point positioning 

of scion stem by clamping hand and holding seedling block can improve the cutting performance effectively.  The cutting 

accuracy rate of the scion was 97.75%, and the cutting success rate was 98.67%.  The cutting performance was closely related 

to the holding seedling effect.  The research results can provide a reference for the design of cutting mechanisms of melon 

grafting robots. 
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1  Introduction
1
 

The vegetable grafting technology can effectively overcome 

the soil continuous cropping obstacle and diseases and insect pests, 

improve the resistance of crops, reduce the application of pesticides 

and chemical fertilizers, increase crop yield by 20%-50%[1-3].  As 

a result, this technology is widely used in the world[4,5].  The 

splice grafting method has good universality and a high survival 

rate.  Melon grafting machine mostly adopts the splice grafting 

method, because the scion seedling stem is relatively small and 

tender, and the seedling stem is curved, which increases the 

difficulty of cutting operation[6-8]. 

China[9-12], Japan[13-15], Korea[16,17], Holland[18,19] and other 

countries[20-23] have been developed different types of grafting 

machine products.  Due to the lack of adaptive research on 

seedlings, the application of grafting machine is limited.  In the 

GRF800-U automatic grafting machine developed by Kobayashi 
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and Sasaya[14], a linear cutting mechanism was designed.  Due to 

the lack of straightening operation for the seedling stem, the 

cutting quality is greatly affected by seedling morphology[24,25].  

In the AFGR-800CS grafting machine developed by Kang et al., a 

rotary cutting mechanism was designed, and the formed arc 

section affected the docking tightness of grafting seedlings[26].  In 

a cutting tool holder designed by Zhang et al.[27,28], the cutting 

success rate was low because of the complexity of cutting angle 

adjustment.  ISO group company of the Netherlands developed a 

kind of rootstock and scion synchronous linear cutting mechanism, 

which could ensure the consistency of cutting angle and had high 

requirements for seedling stem matching grafting[29].  Jiang et 

al.[30,31] developed the rotary cutting mechanism.  They used the 

top seedling plate and supporting rod to assist the cutting 

operation, but did not solve the influence of the bending of 

seedling stem on the cutting quality.  Wu et al.[32,33] developed a 

visual recognition system for the external shape parameters of the 

seedling for grafting, which provided informed guidance for 

cutting mechanism operation.  To sum up, the existing cutting 

mechanism of the melon grafting machine is lack of straightening 

operation for seedling stem, and the influence of scion seedling 

stem bending on cutting accuracy is not solved.  The arc section 

of the seedlings completed by the rotary cutting mechanism affects 

the survival rate of the grafted seedlings.  The straight cutting 

mechanism can ensure that the grafted seedlings are closely 

connected with each other and improve the survival rate of the 

grafted seedlings. 

In order to solve the problem of low cutting precision of scion  
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in the existing grafting machine, a scion cutting mechanism with 

the function of holding and positioning seedlings was developed in 

this paper, which combined the two-point clamping positioning of 

the seedling stem with linear cutting to realize high-quality cutting 

of scion seedlings.  In this paper, the V-shaped holding seedling 

block and linear cutting unit were designed, the operation 

parameters of the holding seedling block and cutting unit were 

analyzed and determined, and the holding and cutting seedling 

experiments were carried out.  The research results can provide a 

reference for the design of cutting mechanisms of grafting robots. 

2  Materials and methods 

2.1  Overall structure of grafting robot 

The overall structural design of the vegetable grafting robot is 

shown in Figure 1.  In order to achieve high-speed grafting, the 

rootstock and scion clamping and conveying mechanism are 

respectively provided with 4 holding hands.  On the left and right 

sides of the operation, platforms were set as the seedling loading 

station and used to install the rootstock and scion seedling feeding 

platform; the 90° clockwise rotation of the rootstock clamping and 

conveying mechanism was set as the rootstock cutting station; The 

90° counterclockwise rotation of the scion clamping and conveying 

mechanism was set as the scion cutting station; the central position 

between the seedling loading station of the rootstock and scion was 

set as the docking station, and the relative positions of the cutting 

station of the rootstock and scion were set as empty.  The above 

layout realizes the synchronous operation of three stations for 

seedling loading, cutting and docking.  For each 90° rotation of 

the rootstock and scion clamping and conveying mechanism, a 

grafted seedling can be completed, which improves the 

productivity of grafting[34]. 

 
1. Scion cutting mechanism  2. Scion clamping and carrying mechanism      

3. Scion supply platform  4. Automatic feeding clamp mechanism           

5. Rootstock supply platform  6. Rootstock clamping and carrying mechanism  

7. Rootstock cutting mechanism  8. Operation platform  9. Conveyor belt 

Figure 1  Structure diagram of grafting robot 
 

Workflow: (1) Put the rootstock and scion into their seedling 

feeding platform, and adjust the cotyledon direction and the height 

of the seedling; (2) Take out the rootstock seedling by the rootstock 

clamping and conveying mechanism and rotate it 90° clockwise to 

the rootstock cutting station, and cut a piece of cotyledon and 

growth point by the rootstock cutting mechanism; Meanwhile, take 

out the scion seedling by the scion clamping and conveying 

mechanism and rotate it 90° counterclockwise to the scion cutting 

station.  The scion cutting mechanism gathers and cuts off the 

scion seedlings; (3) The rootstock and scion clamping and 

conveying mechanisms continue to rotate 90° to the docking station, 

respectively. After the cutting and docking of the rootstock and 

scion, the automatic upper clamping mechanism discharges a 

grafting clamp to complete the cutting fixation of the rootstock and 

scion.  (4) The holding hands of the rootstock and scion are 

opened at the same time, and then the grafting seedling is released 

and landed on the conveyor belt to complete a grafting cycle. 

2.2  Design of scion cutting mechanism 

2.2.1  Structure and working principle 

The role of the scion cutting mechanism is to position and cut 

the scion seedlings to ensure that the scion seedlings are upright 

during the cutting process, otherwise, the cutting position of the 

scion will deviate and the cutting angle will be too large or too 

small.  The scion cutting mechanism is shown in Figure 2.  The 

cutting unit 4 is fixed on the holding seedling unit 3 through the 

connection block 5, and the holding seedling unit 3 is fixed on the 

moving unit 7 through the connection plate 6.  The clamping hand 

1 and the holding seedling unit 3 are fixed to form the upper and 

lower two-point on the stem of the scion seedling.  The cutting 

direction of the cutting unit 4 is perpendicular to the clamping 

direction of the clamping hand 1. 

 
1. Clamping hand  2. Scion seedling  3. Holding seedling unit  4. Cutting unit 

5. Connecting block  6. Connecting plate  7. Moving unit 

Figure 2  Structure diagram of scion cutting mechanism 
 

Working process: First, clamping hand 1 carry the scion 

seedling 2 to the cutting station.  The moving unit 7 is extended to 

transport the holding seedling unit 3 and the cutting unit 4 to the 

holding seedling position; the holding seedling unit 3 straightens 

and positions the scion seedling 2; the cutter of the cutting unit 4 is 

extended to complete the cutting operation of the scion seedling 2; 

the holding seedling unit 3, the cutting unit 4 and the moving unit 7 

are sequentially reset to complete a cutting operation. 

2.2.2  Design of holding seedling unit 

The holding seedling unit consists of the clamping finger, the 

holding seedling block and the air cylinder, as shown in Figure 3a.  

The holding seedling block was designed as a V-shaped multilayer 

concave and convex structure with V-shaped holding seedling 

mouth and holding seedling center, as shown in Figure 3b.  The 

center of the holding seedling is arc-shaped.  After the left and 

right holding seedling blocks are closed, an oval holding seedling 

space is formed to ensure the safety of the holding of the scion 

seedlings.  A clamping pad was arranged at the lower part of the 

holding seedling block for clamping and fixing the stem of scion 

seedling. 
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The stem of scion seedling is curved under the natural 

condition, which affects the cutting quality, as shown in Figure 4a.  

Through the relative closing movement of the left and right 

holding seedling blocks, the V-shaped holding seedling mouth is 

cross-closed.  The friction between the edge of the V-shaped 

holding seedling mouth and the seedling stem causes the scion to 

move toward the center of the holding seedling, and the V-shaped 

holding seedling mouth of the holding seedling block has a 

guiding and centering effect on the scion seedlings to ensure that 

the scion seedling to reach the center of the holding seedling 

smoothly, thereby correcting the bending shape of the scion 

seedlings and ensuring the accuracy of the scion cutting.  The 

holding seedling operation and the size of the holding seedling 

block are shown in Figure 4b. The overall dimensions of the 

holding seedling block are: length k is 25 mm, width i is 20 mm, 

height j is 10 mm. 
 

  
a. Holding seedling unit b. Holding seedling block 

 

1. Clamping fingers  2. Holding seedling block  3. Cylinder  4. V-shaped 

holding seedling opening  5. Holding seedling center  6. Clamping pad 

Figure 3  Structure of holding seedling unit 

 

a. Seedling stem bending            b. Holding seedling operation 

1. Holding seedling block  2. Scion seedling  3. Clamping hand 

Figure 4  Schematic of holding scion seedlings 
 

After the seedlings are transported from the seedling loading 

station to the cutting position by the clamping hand, the moving 

unit of the cutting mechanism moves the V-shaped holding 

seedling block to the position directly below the clamping hand.  

At this time, the center of clamping hand clamping seedling 

coincides with the center of holding seedling mouth of V-shaped 

seedling holding block.  Through the way of cross-holding of 

V-shaped holding blocks, the seedlings move along the V-shaped 

holding mouth into the center of holding seedlings, so that the 

scion seedling stems are in a vertical state. 

2.2.3  Design of cutting unit 

The cutting unit consists of a cutting cylinder, a cutter holder, a 

slide block, a cutter and a fixed plate, as shown in Figure 5.  The 

cutter is installed at the front end of the cutter holder, and the cutter 

holder is installed on the fixed plate through the cooperation of the 

slide block and has thread connection with the piston rod of the 

cutting cylinder, and the cutting cylinder is installed on the fixed 

plate.  The cutting cylinder drives the cutter to move linearly to 

complete the cutting operation of the scion seedling stem.  The 

slide block can ensure the stability and accuracy of the cutter 

action. 

 
1. Cutting cylinder  2. Cutter base  3. Slider  4. Cutter  5. Fixing plate 

Figure 5  Structure diagram of cutting unit 
 

2.3  Parameters of scion seedlings 

The scion seedlings were selected from cucumber seedlings 

and watermelon seedlings grafted with Cucurbita moschata, and 

seedlings were raised using a standard hole tray with 128 (16×8) 

holes.  The hole tray was filled with peat, vermiculite and perlite, 

which were evenly mixed in the proportion of 1:1:1.  After 

watering, the germinated seeds were planted into the hole tray 

covered with a layer of the substrate and then cultivated in a 

greenhouse at the temperature of 28°C-30°C for 7-10 d.  After 

growing to two cotyledons flattened, two true leaves appeared, 

which met the requirements of the standard seedlings for 

mechanical grafting.  The structural parameters of scion seedlings 

are shown in Figure 6. 

 
a. Main view                     b. Top view 

Note: h is seedling height, mm; l is cotyledon span, mm; c is cotyledon width, 

mm; d is cotyledon length, mm; e is seedling stem bending, mm. 

Figure 6  External geometric parameters of scion seedlings 
 

Due to the irregular cross-section shape of the scion seedling 

stem, the short axis a and the long axis b of the cross-section of the 

seedling stem need to be measured.  The short axis a is defined as 

the seedling stem in the cotyledon expansion direction, and the 

long axis b is defined as the seedling stem perpendicular to the 

cotyledon expansion direction.  The clamping direction of the 

stem of the scion seedlings by the clamping hand is the long axis, 

and the direction of the seedlings gathering of the holding seedling 

block is the short axis.  The curvature of the scion seedling stem is 

the main basis for the design of holding seedling block, which 

provides a reference for determining the operating method of 

holding seedling block and the operating range of V-shaped 

holding seedling mouth.  When designing the cutting unit, it is 

necessary to understand the compression and shear characteristics 

of scion seedlings, so as to provide prerequisites for achieving 

flexible seedlings gathering and precise cutting.  The test results 

of geometric parameters and mechanical properties of scion 

seedlings are shown in Table 1.  The test results show that the 

short axis of the scion seedlings has better compression resistance 

than the long axis.  In order to ensure the safety of clamping the 

seedlings, the parameters of clamping hand and holding seedling 

mouth were designed based on the long axis yield pressure. 
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Table 1  Measurement results of geometric parameters and mechanical properties of scion seedlings 

Note: ±means standard deviation; the incubation time was 10 d; the number of samples is 50.  
 

2.4  Determination parameters of holding seedling block 

The design of holding seedling block needs to determine the 

method, structure shape and size of holding seedling block, and the 

opening angle of the V-shaped holding seedling mouth.  During 

the holding seedling process, the gravity of the scion seedling is 

borne by the clamping hand, and the stem of the scion seedling 

moves rapidly along the contact surface towards the center of 

holding seedling under the thrust and friction on the contact surface 

of the V-shaped holding seedling mouth.  The stress of the scion 

is shown in Figure 7. 

 
Note: FN is the supporting force of the holding seedling opening on the scion 

seedling, N; FS is the friction force of holding seedling slope on scion seedling, 

N; α is half of the flare angle of V-shaped holding seedling opening, (°); v is the 

movement speed of holding seedling block, m/s. 

Figure 7  Analysis of forces in holding scion seedlings process 
 

It can be seen from Figure 7 that during the closing of the 

holding seedling block, the scion seedling must slide along the 

surface of the V-shaped holding seedling mouth in order to be 

centered.  The comprehensive effect is to make the scion move 

towards the center of the holding seedling in the vertical direction, 

which meets the conditions of motion mechanics as: 

2FNcosα ≥ 2FSsinα                  (1) 

Due to 

FS = μFN                      (2) 

where, μ is the maximum static friction coefficient between the 

scion seedling and the V-shaped holding seedling mouth, which 

can be obtained from Equations (1) and (2) as follows: 

1
arctan


                    (3) 

Due to the complex structure of the holding seedling block and 

the difficulty of machining, it is easier to process with a 3D printer.  

The future resin 8000 (Shenzhen future workshop Technology Co., 

Ltd, Address: No.1 Yabao Road, Longgang District, Shenzhen, 

Guangdong Province, China) is was used as the printing material.  

The friction coefficient μ between the scion seedling and the 

holding seedling block was measured to be 0.658[34]. 

Substituting μ into Equation (3), we can get 

α ≤ 56.65°                    (4) 

Thus 

2α ≤ 113.3°                   (5) 

The smaller the opening angle of the V-shaped holding 

seedling mouth, the easier it is to make the stem of scion seedling 

move towards the center of the holding seedling mouth.  However, 

if the opening angle is too small, the moving travel of the holding 

seedling block will be larger.  Considering the rationality of the 

structural design and the convenience of processing, the opening 

angle of the V-shaped holding seedling mouth was chosen to be 

90°.  The diameter of the center of the holding seedling block is 

closely related to the diameter of the scion seedlings, and the stress 

direction of the scion holding seedling is the short axis of the 

seedling stem.  The thickness of each layer of the designed 

seedlings is 1 mm, and the left and right holding seedling blocks 

are alternately distributed with 3 layers of concave and convex 

structures.  The thickness of the V-shaped holding seedling mouth 

is 6 mm, and the height of the clamping pad is designed to be 4 mm.  

Therefore, the total height of the holding seedling block j is 10 mm. 

According to the measurement results in Table 1, the short axis 

stem and the bending degree of the seedling stem of 50 cucumber 

seedlings were measured.  The measurement results of Cucumber 

are as follows: the short axis stem a is (2.02±0.15) mm, and the 

seedling stem curvature is (4.35±0.68) mm. Through the analysis of 

V-shaped holding seedling block structure, the diameter of holding 

seedling mouth is larger than that of seedling short-axis stem, and 

the width of holding seedling mouth is greater than that of seedling 

stem curvature, which can ensure that the seedling stem can enter 

the center of holding seedling mouth smoothly to complete the 

straightening operation.  By setting the diameter and width of 

holding seedling mouth to 2.5 mm and 20 mm, respectively, the 

precise matching between standard seedling and V-shaped seedling 

blocks can be realized. 

2.5  Analysis parameters of cutting unit 

2.5.1  Geometric model of cutting scion 

By establishing the geometry model of scion seedling cutting, 

the technical requirements of cutting operation for scion seedling 

and cutter were analyzed, as shown in Figure 8.  It is necessary to 

determine the cutting height of the scion seedling h1, the width of 

the cutter lAB, and the height of the scion plant h.  The cutting 

height h1 is the length from the base of the cotyledon to the point b 

of the upper part of the cutting. 

 
1. Clamping hand  2. Holding seedling block 

Note: h1 is the cutting height of scion seedling, mm; h is the height of the scion 

plant, mm; H1 is the clamping height of the seedling stem, mm; H2 is the 

installation distance between cutting knife and clamping hand or holding 

seedling block, mm; H3 is the height of holding seedling block, mm; H4 is the 

length of seedling stem at the lower part of holding seedling block, mm; a is the 

short axis of the scion, mm; lBE is the distance between the cutter and seedling 

stem, mm; β is the cutting angle of the scion, (°). 

Figure 8  Geometric model of cutting scion 

Breeds 
Plant height 

h/mm 

Cotyledon  

width c/mm 

Cotyledon  

length d/mm 

Cotyledon  

Span l/mm 

Stem bending 

e/mm 

Long-axis stem 

b/mm 

Short-axis stem 

a/mm 

Yield pressure of 

long-axis stem/N 

Maximum 

shear force/N 

Cucumber 52.35±3.82 20.21±1.51 25.41±1.63 45.82±1.42 4.35±0.68 2.25±0.18 2.02±0.15 5.21±0.91 1.246 

Watermelon  50.86±4.20 18.97±1.30 23.68±1.45 42.94±1.30 6.12±0.43 2.56±0.12 1.84±0.10 5.23±0.59 1.142 
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According to the analysis in Figure 8, the cutting height of the  

scion seedling 

1 1 2 tanBEh H H l                   (6) 

The width of the cutter 

2

sin

BE
AB

a l
l




                    (7) 

The height of the scion plant 

1 2 3 42

2

tan

BC

BE
BC

h H H l H H

a l
l



    







            (8) 

Solving Equation (8), we can get 

1 2 3 4

2
2

tan

BEa l
h H H H H




               (9) 

The data of H1, H2, H3, H4 and lBE are all theoretical design 

values.  When the thickness of the gripper is 4 mm, H1 is taken as 

6 mm. This indicates that the distance from the upper part of the 

gripper to the base of the cotyledon is 2 mm, which can ensure the 

safe clamping of seedling stem at the lower part of the cotyledon.  

When H2 is 2 mm, the cutter can enter between the clamping hand 

and the holding block smoothly.  H3 is 10 mm.  When H4 is 

taken as 10 mm, it can ensure that the stem slides smoothly to the 

holding seedling center along with the V-shaped holding opening 

during the closure process of the holding block.  When lBE is 2 

mm, the scion seedling stem can be completely cut off by the 

cutter. 

It can be known from Table 1 that the short axis of cucumber 

seedlings is slightly larger than that of watermelon seedlings.  

Therefore, cucumber seedlings were selected as the object.  The 

long axis of the seedling stem a=2.02 mm, and the cutting angle β 

is 20°[34].  By substituting the above parameters into Equations (6), 

(7), and (9), we can get, h1=10.92 mm, lAB=13.33 mm, and h= 

42.52 mm.  For grafting, the cutting height of scion seedlings 

should be 10-15 mm.  The average measured plant heights of 

cucumber and watermelon are 52.35 mm and 50.86 mm, 

respectively.  The width of the cutter lAB is rounded to 14 mm.  

All parameters meet the technical requirements of cutting scion. 

2.5.2  Determination parameters of cutting operation  

The inclination angle of the cutter γ refers to the angle between 

the cutting edge and the vertical direction.  The larger the 

inclination angle of the cutter, the smaller the cutting resistance is, 

the more favorable the cutting is, but the larger the cutting travel is.  

A geometric model of the scion cutting process is established, as 

shown in Figure 9. 

According to the analysis in Figure 9, the cutting stroke of the 

cutter 

sin

cos

AP

AB
AP

Y l L b

l
l

 



   






              (10) 

Solving Equation (10), we can get 

tanABY l L b                   (11) 

Taking watermelon seedling as the object (b=2.56 mm), take 

L=8 mm, δ=2 mm, and lAB=14 mm, which can meet the operating 

conditions that the scion is completely cut off.  Substituting into 

Equation (10), we can get 

14tan 12.56Y                   (12) 

When the angle of the inclination of cutter γ=40°, the cutting 

success rate is the highest[35].  Substituting it into Equation (12), 

the cutting stroke Y of the cutter is 24.31 mm, rounded to 25 mm.  

Therefore, the SMC CDJ2B10-25-B cylinder (SMC (China) Co., 

Ltd, Address: A2, XingSheng Street, Beijing, China) was selected 

as the model of cutting cylinder, to meet the structural design and 

operation requirements of the cutting mechanism.  Cutting speed 

is the important parameter of cutting seedling operation.  The 

cutter of the cutting mechanism is driven by an air cylinder.  

When the air pressure is 0.3 MPa, the linear speed will reach   

0.15 m/s, which is 100 times higher than the downward speed of 

the cutter (1.5 mm/s) in the seedling cutting test, fully meeting the 

cutting conditions of the seedling stem.  Therefore, the cutting 

speed has no effect on the cutting model. 

 
1. Cutter  2. Cutting edge  3. Scion seedling 

Note: lAP is the length of cutting edge, mm; lAB is the width of the cutter, mm; b 

is the long axis of the scion, mm; L is the distance between the cutting edge and 

seedling stem before cutting, mm; δ is the distance between cutting edge and 

seedling stem after cutting, mm; γ is the inclination angle of cutting edge, (°). 

Figure 9  Geometric model of cutting scion stem process 
 

2.6  Test of holding and cutting scion 

In order to verify the rationality and cutting performance of the 

cutting mechanism design, the success rate m and damage rate n of 

the holding seedling, the cutting success rate q and the cutting 

accuracy rate p were used as evaluation indexes[34].  The 

successful holding seedling actually means that the stems of the 

seedlings are straightened and undamaged after the closure of 

V-shaped seedling blocks.  The successful cutting refers to the 

situation that the cutter cuts off the seedling stem and the cutting 

surface is smoothly flat without fracture.  Among them: 

100%
N

n
F

                    (13) 

100%
M

n
F

                    (14) 

100%
E

q
T

                    (15)

 
0 1

0

| |
1 100%p

 




                 (16) 

where, N is the number of successful scion holding seedling; M is 

the number of scion holding seedling damaged; E is the number of 

successful scion seedling cutting; F is the total number of scion 

holding seedling tested; T is the total number of scion seedling 

cutting tested; β0 is the target cutting angle, (°); β1 is the actual 

cutting angle, (°). 

Two groups of 60 cucumber seedlings were selected to carry 

out a comparative test of holding seedling with the common arc 

clamp and V-shaped holding seedling block.  The arc-shaped 

clamping mouth is an integral structure, with a diameter of 2.5 mm 

and a thickness of 10 mm, as shown in Figure 10a. The diameter of 

the center of the V-shaped holding seedling block is 2.5 mm, the 

thickness is 10 mm, and the width of the V-shaped mouth f is    

20 mm and the opening angle of holding seedling is 90°, as shown 

in Figure 10b.  The test process was as follows: at first, the scion 

seedlings were put into the seedling feeding platform, carried to the 
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cutting station by the clamping hand, and gathered in the holding 

seedling block of the scion cutting mechanism, next, the clamping 

hand and the holding seedling block was reset to remove the scion 

seedlings, at last, the success rate and injury rate of the holding 

seedling of the scion was analyzed statistically. 
 

 
a. Arc-shaped clamp 

 
b. V-shaped holding seedling block 

Note: f is the width of the V-shaped mouth.  

Figure 10  Structure diagram of arc-shaped clamp and V-shaped 

holding seedling block 
 

Three groups of 50 cucumber seedlings were selected. The 

thickness of the cutter is 0.2 mm, the angle of the cutter is 40°, the 

cutting cylinder pressure is 0.3 MPa, and the target cutting angle is 

20°.  After the scion cutting operation is completed, remove the 

scion seedlings, use a vernier caliper to measure the cutting length 

and the short axis length, calculate the actual cutting angle, and 

analyze the accuracy and success rate of scion cutting statistically. 

The cutting scion test process was as follows: Firstly, the 

scion seedlings were placed into the seedling feeding platform, 

and  carried to the cutting station by the clamping hand.  Then 

the moving unit cylinder was extended to drive the holding 

seedling unit and the cutting unit to move to the holding seedling 

position; the holding seedling block was closed to carry out the 

holding seedling, centering and clamping fixation for the scion 

seedling stem; next, the cutting cylinder was extended to drive the 

cutter to move and cut off the scion seedling stem.  Finally, each 

unit was reset to complete the holding and cutting seedling 

operations.  The test device is shown in Figure 11. 
 

  
a. Mobile unit extension b. Holding seedling 

 

 

 

 
c. Cutting seedling stem d. All units reset 

Figure 11  Test device of cutting scion 

3  Results and discussion 

The test results of scion holding seedlings are shown in Table 

2.  It can be known from the test that the success rate of the 

V-shaped holding seedling block is 98.33%, which is 13.33% 

higher than the arc-shaped clamp; the injury rate is only 1.67%, 

meeting the design requirements.  The holding seedling unit can 

improve the success rate of holding seedlings, mainly because the 

V-shaped holding seedling block guides the holding seedling, 

which corrects the curved shape of the scion seedling stem, and 

improves the adaptability of the cutting mechanism to the scion.  

Even if there is crush damage in the mouth of the holding seedling 

of the seedling stem, the position of the holding seedling of the 

seedling stem will be cut off without affecting the cutting quality of 

the scion.  However, the curved clamp cannot accurately clamp 

the curved stem of scion seedling, and the seedlings that do not 

enter the curved clamp will be squeezed and damaged. 
 

Table 2  Test results of holding scion seedlings 

Groups 
Samples 

number 

Success rate of holding 

seedling m/% 

Injury rate of 

seedling n/% 

Curved clamping hand 60 85 15 

V-shaped holding 

seedling block 
60 98.33 1.67 

 

The test results of scion cutting are shown in Table 3.  It can 

be known from the test that the cutting accuracy of the cutting 

mechanism is 97.75%, and the cutting accuracy depends on the 

effect of the holding seedling.  The better the stem correctness of 

the seedlings after the holding seedling, the higher the cutting 

accuracy is.  The cutting success rate is 98.67%, the cutting angle 

is 19.55°, and the cutting length is 6.31 mm, which meet the 

requirements of mechanical grafting.  The upper and lower 

two-point positioning of the stem of the scion seedling are formed 

by clamping hand and the holding seedling block, which improves 

the cutting success rate of the scion seedling. 
 

Table 3  Test results of cutting scion 

Groups 

Short-axis stem 

of scion 

b/mm 

Actual cutting 

angle 

β/(°) 

Section 

length 

L/mm 

Cutting 

accuracy  

rate p/% 

Cutting 

success rate 

q/% 

1 2.08 19.42 6.26 97.10 98 

2 2.10 19.57 6.27 97.85 98 

3 2.15 19.66 6.39 98.30 100 

Average 2.11 19.55 6.31 97.75 98.67 
 

Through the design of V-shaped seedling block to straighten 

the scion seedling stem, the upper and lower points of scion 

seedling stem can be fixed, which can not only improve the scion 

cutting success rate and cutting quality but also solve the influence 

of scion stem bending on cutting quality.  The seedling section 

formed by the existing rotary cutting mechanism is an arc-shaped 

surface, which makes the grafted seedling section not fit tightly, 

thus affecting the survival of the grafted seedling; the seedling 

section formed by the linear cutting mechanism designed in this 

paper is a plane design, which can improve the tightness of the 

grafting seedling section and is conducive to the survival of the 

grafting seedling. 

4  Conclusions 

In order to improve the adaptability and cutting accuracy of the 

grafting robot to the morphological changes of scion seedling stem, 

a scion cutting mechanism with the function of holding seedling 

and positioning was designed, the operating parameters of the 

mechanism were analyzed and optimized, and the test of holding 

seedling and cutting performance was carried out.  The following 

conclusions were drawn. 
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(1) The holding seedling unit consists of the clamping finger, 

the holding seedling block and the air cylinder.  The holding 

seedling block adopts a V-shaped multilayer concave and convex 

structure and a cross-closed holding seedling operation mode.  

The V-shaped holding seedling mouth has a better guiding and 

centering effect on the scion seedling stem, which improves the 

adaptability of the cutting mechanism to the growth morphology of 

the scion. 

(2) Based on the determination of the basic parameters of scion 

seedlings, the opening angle of the V-shaped holding seedling 

mouth of the holding seedling block was designed to be 90°, and 

the thickness of the single-layer was 1 mm.  The thickness of the 

holding seedling block can be adjusted by increasing or decreasing 

the number of layers of the V-shaped holding seedling mouth.  

The concave and convex structure of the left and right holding 

seedling block has 3 layers (6 mm thick), respectively, and the 

height of the clamping pad is 4 mm.  Therefore, the total thickness 

of the holding seedling block is 10 mm. 

(3) The linear cutting unit was designed, and a geometric 

model for scion cutting and cutter operation was established.  The 

cutting height of the scion is 10.92 mm, the width of the cutter is 

14 mm, the height of the scion plant is 42.52 mm, the angle of the 

cutter is 40°, and the travel is 25 mm, which meet the requirements 

of mechanical grafting cutting operation. 

(4) The test results show that the success rate of holding the 

seedling of the V-shaped holding block reaches 98.33%, which is 

increased by 13.33% compared with the arc-shaped clamp, and the 

seedling injury rate is only 1.67%.  The V-shaped holding 

seedling block corrected the curved shape of the stem of the scion 

seedling and the guiding and centering effect are obvious.  The 

accuracy of cutting scion is 97.75%, and the cutting success rate is 

98.67%.  The cutting accuracy depends on the effect of the 

holding seedling.  Using the clamping hand and the holding 

seedling block to position the upper and lower two-point of the 

stem of the scion seedling can effectively assist the cutting 

operation and improve the cutting accuracy. 
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