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Design and Experiment of Self-propelled Wheeled Two-row Combine
Harvester for Chinese Cabbage
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3. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming to address the low transfer efficiency, poor root-cutting consistency, and relatively high
clamping-conveying damage of existing mechanized Chinese cabbage harvesting equipment in Shandong
Province, a self-propelled wheeled two-row combine harvester for Chinese cabbage was designed
according to the local single-ridge double-row planting pattern. The machine can complete root cutting,
clamping-conveying, and collection of Chinese cabbage in one pass at row spacing of 50 ~60 c¢cm. To
improve its adaptability to field operating conditions and plant morphological variations, a machine —soil —
plant coupled root-cutting mathematical model and a clamping-conveying force model were established.
Combined with theoretical analysis, agronomic spatial constraints, and preliminary field tests, the key
structural parameters of the profiling mechanism, root-cutting mechanism, and clamping-conveying
mechanism were determined. A root-cutting device with mechanically presettable cutting height, cutting

Wk B, 2026 -06 — 16 &1 HIW . 2026 -07 -07

E&WA . BERESVAITRIEHE (2022YFD2001803)

EEEI: ASCE(1998—) 55 AR FE SR AU AL R 35 B G R DFSY, E-mail : tongwenyul 19@ 163. com

BIEIEE: 0™ (1980—) , 55, WF5E 61, 2R 0, 322 Al LB A 247658 REAL I AR AT ST, E-mail : yyw215@ 163. com



196

VS A1 R S S ¢

angle, and feed displacement was developed, and a flexible clamping-conveying mechanism covered with
high-density CR sponge was adopted to improve root-cutting consistency and reduce clamping-conveying
damage. Taking the qualified harvesting rate as the evaluation index, a multifactor response surface
experiment was conducted with forward speed, cutter rotational speed, cutting angle, and clamping-
conveying belt rotational speed as influencing factors. The optimization results showed that the predicted
qualified harvesting rate was 95. 95% when the forward speed, cutter rotational speed, cutting angle, and
clamping-conveying belt rotational speed were 0. 41 m/s, 238.62 r/min, 12.58°, and 188.23 r/min,
respectively. After rounding the optimized parameters, field verification tests were conducted. When the
forward speed, cutter rotational speed, cutting angle, and clamping-conveying belt rotational speed were
0.40 m/s, 239 r/min, 13°, and 188 r/min, respectively, the maximum, minimum, and average
qualified harvesting rates were 95.17% , 93.00% , and 94.08% , respectively, and the average
clamping-conveying damage rate was 3. 55% . The field verification results showed that the machine had
good root-cutting consistency, stable clamping-conveying performance, and favorable transfer mobility
and trafficability. It can meet the requirements for low-damage mechanized harvesting of the mature
spring Chinese cabbage cultivar “ Xiaoyi Heqiu” and similar planting patterns, and the results can

provide a reference for structural optimization and operating parameter setting of Chinese cabbage combine

2026 4F

harvesters under similar physical conditions.

Key words: Chinese cabbage; combine harvester; self-propelled wheel; two rows
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Tab.1 Main technical parameters of cabbage harvester
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Tab.2 Main physical and mechanical parameters
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Fig.6 Force analysis of root-cutting process
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Fig. 12 Force analysis of feeding and clamping process
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Tab.3 Experimental factor coding

EES
GRS RUHEREE/  RIUMREHY  UIEIMmEE SRRk
(ms™')  (rmin7') ) #/ (r'min~")
-1 0.2 100 0 150
0 0.4 200 8 200
1 0.6 300 16 250

x4 HBEAREER

Tab.4 Test scheme and results

e HE N/ %
X, X, X, X,
1 -1 -1 0 0 80. 1
2 -1 0 0 90. 3
3 -1 1 0 0 86.2
4 1 1 0 0 94.9
5 0 0 -1 -1 84.2
6 0 0 1 -1 93.4
7 0 0 -1 1 81.9
8 0 0 1 1 91.4
9 -1 0 0 -1 91.0
10 1 0 0 -1 89. 6
11 -1 0 0 1 80. 6
12 1 0 0 1 91.4
13 0 -1 -1 0 77.7
14 0 -1 0 91.2
15 0 -1 1 0 88.7
16 0 1 1 0 93.2
17 -1 0 -1 0 76. 6
18 1 0 -1 0 90. 0
19 -1 0 1 0 93.6
20 1 0 1 0 91.6
21 0 -1 0 -1 79.7
22 0 0 -1 92.0
23 0 -1 0 1 83.2
24 0 1 0 1 87.6
25 0 0 0 0 93.0
26 0 0 0 0 92.7
27 0 0 0 0 93.6
28 0 0 0 0 94. 6
29 0 0 0 0 95. 1

3.3.2 RUCAHEF Ty 22 K W ki
i1 Design-Expert 13 34X i 56 25 5 o 17 [l
A5 R AT, 25 R N3R5 TR . T Rl B A
P <0.000 1 HHe 2% R0 0.950 8, Ui B 8105 Jy
Ptk & HAUG PR, Horb X, X, X, X X, X,
X, X X0 X0 X, IR, X, XX, XX,
B2 HRRZFRRE  RICEHE R EH RN
N =93.80 +3.31X, +3.78X, +4. 19X, —1. 15X, —
3.85X, X, +3.05X,X, =2.25X,X, —1. 98X, X, —
2.42X; -3.80X; -2.72X; -3.65X;  (37)

RS5 ERRBFESN

Tab.5 Regression model analysis of variance

eI SEA Al BTy F P
TBETRY 838. 03 14 59.86  19.34  <0.0001*
X, 131.34 1 131.34  42.43  <0.0001*
X, 171.76 1 171.76  55.49  <0.0001**
X 210. 84 1 210.84 68.11  <0.0001*
X, 15. 87 1 15.87  5.13 0.04*
XX, 0.5625 1 0.5625 0.1817  0.6764
XX, 59.29 1 59.29  19.15  0.0006 **
XX, 37.21 1 37.21  12.02  0.0038*
X, X, 20.25 1 20.25  6.54 0.0228"
X, X, 15.6 1 15.6 5.04 0.0414"
X, X, 0.0225 1 0.0225 0.0073  0.9333
X3 37.88 1 37.88  12.24  0.0035*
X3 93.87 1 93.87  30.33  <0.0001*
X3 47.87 1 47.87  15.47  0.0015*
X2 86. 61 1 86.61  27.98  0.0001*
L 43.34 14 3.1

AT 39.12 10 3.91 3.71 0.109 1
a2 4.22 4 1.05

B 881. 37 28

e wx RN W (P <0.01), = RN EE (0.01<
P<0.05),

R 013 77 R AR 2 119 % P 228 B FXER A
& S5 M F o 7 il T A A 15 TR

&l 15a AT, e R4 61 7% 3R 150 1/min
B, UIAR G 30 AU 26 o R 2 SRR s R 3
1% 5 2455 R 2 2 200 r/min 2o AT I SEAK RS
R AT B DU PR B 5, SRS S R,
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S AEMREC N | JE R % U DT FCAE 200 ~
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FEXS T R K, M I BE 48 45 473 R e 4 B A Bl XL
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Fig. 15 Effects of factor interactions on qualified harvesting rate of Chinese cabbage
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Tab.6 Harvest test results

ENE R

Jefik  AoEilde AiEdk

JeFrhiik

I Y% ;j; Y ;’iﬁ? A 'ifj”‘*: *ﬁﬁ *;f/i*ﬁ Bl
i " R R %
1 244 6 3 3 10 6 4 16 228 93. 44 4.10
2 238 7 4 3 8 3 5 15 223 93.70 3.36
3 269 4 3 1 9 4 5 13 256 95.17 3.35
4 257 6 4 2 12 5 7 18 239 93. 00 4.67
5 264 7 5 2 6 2 4 13 251 95. 08 2.27
THIE 94. 08 3.55

M2 6 A FERR S S5 A T ,5 RE
S R G R e KA N 95.17% , | /ME K
93.00% , V-¥I1E g 94. 08% , I iy 1 34 455 - 1y
54 3. 55% , Ui W% S04 & 78 H 8] F SR 3h 414
BRI R R B RO &, 5 U IR K
FI3E 1272 A8, b biasi 30 B e e 4040 45 #1,
S 75 B, B R A 5. 90% IR FR 1T 45
BRI 40% , e R A T 1 60% . VIARIR
1 B S 1% = B W sl ) B e 25 A
il oG JeRE Rk I 005 £ E S WA D RS 32
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Fig. 16  Comparison of Chinese cabbage before and

after harvest
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Tab.7 Comparative test results

Tl RMCERE JorE HeatTaL

ML ii B, REUIR i BB/
(hm?+-h~") BR/ % F/% (km-h™")
ASCHLE: [Fbszm 017 94.08  3.55 7.92
AFFAATHLE [EHbssm 0. 11 93.62  5.26  4.32
SCHk[13] kB 012 93.40  4.14  3.60

H 2 7 AT, AR SCBETH 0 A E e 2T R AR
WRMLAEVEL AL e L sl 1 AR R i o i T L
H—EmH

(1) 7E RS ] TO0TF A SCHLE B T AR,
RCFH 0.17 hm®/h B AAFRAATHLE (0. 11 hm®/h) Al
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R EL H R AT 3N 7. 92 km/h, = T B A
KE A 3.60 ~4.32 km/h, 2 1% 520 32 iy 3 N
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(2) TEAE ML R 3 RN e S ok B 4 v 19 [ B, AR SC
HLELRISCAHE RN 94. 08% , W 755 T 2 #O0 FRHLAY
Je RGN 3.55% , K T A #F A 47 0L A
(5.26% ) FISCRRMLIY (4. 14% ), 25 F R0 A SCHE
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FEHE %58 3. 55% , (HAS [ 8 &2 1A 9 (A5 47 7E

— BB, AR KR SRR 1 S A A A
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Tab.8 Comparison of physical parameters
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mm 4 2 1
WIRA LR o PRSI
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SR I 1 2 wh 0t
4 I ¥/ 10 ~12 DLHGE
M T ARRHEE skt g2 R
S e B )
FRR Rk 2.1~2.4 52-5.8
e Tk AR AR P
e RIE Y 2 e 25 g 7 T
3.26 4.67
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T 16 K 4 W 3K PSS TSI
437.6 618.8
/N T BRI i
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