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Design and Testing of Fully Automatic Disc-type Grafting Machine
for Solanaceous Vegetables
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Abstract: Aiming to address issues such as low efficiency, high costs, and the lack of grafting equipment
meeting domestic production requirements in the market, a fully automatic seedling-off-tray grafting
machine was designed. It can automatically complete operations, including seedling loading, scion pre-
cutting, seedling clamping, simultaneous multi-seedling cutting, scion alignment and clamping, and
seedling replanting. The structure and working principle of the grafting machine were detailed, with key
mechanisms and operational parameters designed for seedling loading, transportation, pre-cutting,
clamping, cutting, and clamp application. To determine optimal parameters and enhance grafting success
rates, tomato, peppers, and eggplants as test subjects. The factors selected for investigation were the
height of the rootstock after pre-cutting, the descent height of the scion during alignment, the height of
the scion, and the descent speed of the scion during alignment. Grafting success rate served as the
evaluation metric. A four-factor, three-level response surface experiment was conducted, revealing that
the descent height and descent speed of the scion during alignment were significant factors affecting
grafting success rate. Design-Expert 13 software was employed for variance analysis, response surface
analysis, parameter optimization, and experimental validation to obtain the optimal parameter

combination. Experimental results indicated that when the pre-cut rootstock height was 70 ~ 80 mm, scion
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descent height was 75 mm, scion height was 140 ~ 160 mm, and scion descent speed was 0.2 m/s, the

average grafting success rate reached 94. 6% with an average grafting efficiency of 1 110 plants per hour,

meeting the demands for large-scale grafting operations of solanaceous vegetable seedlings.

Key words: fruit and vegetable; grafting machine; fully automatic grafting; response surface analysis
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Fig. 1  Structure diagram of solanaceae disc-type fully

automatic grafting machine
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Fig.2  Schematic of grafting machine process and workstation layout
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Fig. 10 Rootstock and scion cutting model
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Seedling cutting flatness test results
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Tab.1 Experimental factors and coding

S
WA 5 R 4 Hl 5 BN
AR, TR/ e i/ B

mm mm mm (mes™")

-1 60 ~70 73 120 ~ 140 0.20

0 70 ~ 80 74 140 ~ 160 0.25

1 80 ~90 75 160 ~ 180 0.30

F2 HEER
Tab.2 Test results
B8 WX Q/% Q,/% Q3/%
h=s A B

1 1 0 0 1 88 88 88
2 1 -1 0 0 84 84 84
3 0 -1 0 -1 92 82 78
4 -1 0 -1 0 84 90 90
5 0 -1 1 0 84 82 88
6 1 0 -1 0 88 90 90
7 1 1 0 0 92 94 94
8 -1 1 0 0 92 94 94
9 -1 -1 0 0 86 82 82
10 0 0 0 0 90 92 92
11 0 1 -1 0 90 94 94
12 0 0 -1 1 84 88 88
13 0 0 1 1 84 88 88
14 0 1 0 -1 94 96 96
15 -1 0 0 -1 92 94 94
16 -1 0 0 1 86 86 86
17 0 1 1 0 90 94 94
18 0 -1 -1 0 86 84 82
19 0 0 1 -1 88 92 92
20 0 0 0 0 92 90 90
21 1 0 0 -1 92 94 94
22 0 -1 0 1 76 78 76
23 -1 0 1 0 86 88 88
24 0 1 0 1 92 82 80
25 1 0 1 0 86 90 90
26 0 0 0 0 90 94 94
27 0 0 -1 -1 90 94 94

TAT AR DG G Ve A TR) B, P 06 42 e 1 5 X 422 1% T I B
Pl e B ROV, I 1 16 42 58 WL i i g 2h Al A
22 [l A P R E T, DA T R R T
Mrigkr, it E N

Q:%XIOO% (8)

L Q— BRI R, %
N—— I I %I [ AR Fof 1 S8, Bk
M——15 45 B Bk
3.4 RBEREHW
R IAEE R N Q, .0, .05, 4

Wz 2 rm. HF Design-Expert 13 Xf 55 #t 17 £
JCIEAG 0T, ST Q. Q, Q5 M RIRL
Q, =90.67 +0.334 +3.5B -0.33C -3.17D +
0.5AB —AC +0.5AD +0.5BC +3.5BD +
0.5CD —1.08A4° —=0.83B> —=3.08C> -0.83D° (9)
Q,=92+0.54 +5.17B -0.5C -3.5D - 0. 5AB +
0.5AC +0.5AD +0.5BC —=2.5BD +0.5CD -
0.42A4> =3.92B% -0.42C* -1.92D>  (10)
Q,=92+0.54 +5.17B +0.17C -3.5D -
0.54B +0.5AC +0.5AD - 1.5BC -3.5BD +
0.5CD —0.25A° =4.25B> +0.25C* -2.75D°
(11)
X B HEAT T 2 00 0, A Rk 3 TR, W
3 AL IR Q,.Q, QR P <0.01, %
W e B 5 R A R OG ., B AL R AL P >
0. 05, i B AR 405 201 1 2 AT AR &, AT R 1
W55 48 5
YIRS G AT B 70 ~ 80 mm JEFHE B 140 ~
160 mm Hf, K B D X} 15 32 4% 21 55 i %) mi) 1o (i
T AN 1 16 Ffr 7R, 45 B 0T 42 °F 6 8 BE /0N T o R
BN IR H T R AR o B A R S e v B
TIFNT [ 8 PR ARR , B 4 L) R B AL 4R T
3.5 RUSHEIRKKIE
BT X4 T AL RS S 74 mm N REEEE R 0.2 ~
0.3 m/s, WX 2 r HEF[R] 24 0. 24 ~0.37 s, T I
SEAA T Bl b IR v B 5 0 HE [ P R AT, 20
e K v FREAL RS A 120 mm, H i@ LL 0.3 m/s 3£

R W, 2 L e K 8 W I ) 0.4 s, A
R4 T W42 0.2 ~ 0.3 m/s Z [AS (IR R &
W R

FARIHE AL B A TAES B & L S8
B AR Sy
max(Q,,0,,0;)
s.t. (—1<A<]1
-1<sB=<l (12)
-1<C<l
-1<D<1
B TR ALC XSG 2 1 3 09 52 e JF A 3,
PR b R 4 10 1 5 25 SR At (e 06 42 i ) 238 e v ) AR X
PR REmES THEESHAEG., hIbs R EoR,
AR AT B B 75 mm B A6 45 T R R
H0.27 m/s i, Q5 KAE , 7 93. 6% , i Q, Q%
AR 91 1% (91.7% 5 4 17 B 3 F M i Ry
75 mm FEFEX4E T B E R 0.2 m/s B, Q, .0,k
BKAB, 5B 96.2% 96. 1% , Ieit Q,H 92.2%
HAE Q). Q, QP IME I, IR MK 15 He B X 4% T
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Tab.3 (,/(Q,/Q, analysis of variance results
FEFKI|  TIH(Q,/0,/Q5) A ¥I7(0,/0,/03) F(Q.70,70Q3) P(Q,/0,/05)
iR 378.19/598. 96/673. 33 14 27.01/42.78/48. 1 9.63/9.87/48. 1 0. 000 2 ** /0. 000 2 ** /0. 002 7 **
A 1.33/3/3 1 1.33/3/3 0. 48/0.69/0. 34 0. 503 7/0. 421 6/0. 581 7
B 147/320. 33/320. 33 1 147/320. 33/320. 33 52.4/73.92/36. 49 <0.000 1% /<0.0001" /<0.0001*
C 1.33/3/0.33 1 1.33/3/0.33 0. 48/0. 69/0. 04 0. 503 7/0. 421 6/0. 848 8
D 120.33/147/147 1 120.33/147/147 42.89/33.92/16.75 <0.0001** /<0.000 1" /0.001 5 **
AB 1/1/1 1 1/1/1 0.36/0.23/0. 11 0.5616/0.639 6/0.741 6
AC 4/1/1 1 4/1/1 1.43/0.23/0. 11 0.2555/0.639 6/0.741 6
AD 1/1/1 1 1/1/1 0.36/0.23/0. 11 0.5616/0.6396/0.741 6
BC 1/1/9 1 1/1/9 0.36/0.23/1.03 0.5616/0. 639 6/0. 3312
BD 49/25/49 1 49/25/49 17.47/5.77/5.58 0.0013** /0.0334" /0.0359 "
CD 1/1/1 1 1/1/1 0.36/0.23/0. 11 0. 561 6/0. 639 6/0. 741 6
A? 6.26/0.93/0.33 1 6.26/0.93/0.33 2.23/0.21/0.33 0. 161 1/0. 652 2/0. 848 8
B? 3.7/81.81/96. 33 1 3.7/81.81/96. 33 1.32/18.88/10.97 0.273/0. 001 ** /0. 006 2 **
c? 50.7/0.93/0. 33 1 50.7/0.93/0.33 18.07/0.21/0. 33 0.001 1** /0. 652 2/0. 848 8
D2 3.7/19.59/40. 33 1 3.7/19.59/40. 33 1.32/4.52/4.59 0.273/0. 054 9,/0. 053 2
B % 33.67/52/105. 33 12 2.81/4.33/8.78
Je 4l 31/44/97. 33 10 3.1/4.4/9.73 2.32/1.1/2.43 0.338 1/0. 566 2/0. 326 3
PR 3.67/8/8 2 1.33/4/4
S 411. 85/650. 96/778. 67 26

T o FOR MM W (P <0.01) 5 = FoRFEIA B (0.01<P<0.05),

Bl 16 32 HHZE BD WBHE(A=C=0)

Interaction factor BD response surface (A =C =0)

PR Al 5 4 WL D) P Y Ry 94. 6%, H s ik Ik
PR (E IR 1 110 f/h 3 2 Fh v 41t 2 1k g 4%
FEME 3K o

Fig. 16

R B2 75 mm BRI R B 0.2 m/s
K B b AR e O T 45 2R A S Bk L P 200 A e
BaPE, #EAT 5 B0 50 UE , B 20 o8 MUK B 150 K
(Tl BBl 1~ 4% 50 Hk ) , G0 TH I 35 il 2 AR AL
MK 4 PR o KR VITE RIS B AL T il

T4 WIEKWHER
Tab.4 Verification test results
[ 6 0% 0% 0% FERT/ B/
7S s (Bk-h™h)

1 150 90 98 96 464. 1 1110

2 150 92 94 94 470. 6 1095

3 150 94 96 98 457.3 1126

4 150 92 96 98 460.7 1118

5 150 92 96 94 467. 1 1103
EE 150 94.6 464.0 1110

4 Hit

(1) $ T —Rhoin R bk e s B X2 A s 4k
BL, BT IEIE T AP 254 5 200, SEBLRR i
i A SRR .

(2) X b 7 2k [ 25 1) 3 i ) 0 RO
Tl ARV ) 55 $ BT T 18] BE U7 H A 8 45 OC B 2 0t
it 5 KR E SRR W S VI T K E N 17 mm UTHI A
o 30° W] HIEE O 74 mm i AT SEOR S BRI RE
55 BREE AR [ OTH), 9F U0 30° ), H 25 ) H
L TAR R F15 0.7 MPa i, U) I 5 5 bR, A )
T B R A R



108

PSS A1 M | = O 14 2026 4

(3) PR =K Fma i S g 45 R R R 2 T B E 0.2 m/s, BE i, F 39 15 45 il 2 RO

BAA I BTE S AR S B 70 ~ 80 mm FEFEXS 4 94.6% PRI HR Ty 1110 BR/h, il 2 B 4t B
TR 75 mm FE R 140 ~ 160 mm FEREXT  AREEAEL TR
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