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Abstract: Aiming to improve the automation level and operation performance of sugar beet harvesting
machinery in China, reduce the loss of damage and leakage digging, and reduce the labor intensity of
personnel, 4LT — A type traction sugar beet combine harvester and 4LTSYT — A autofollow row field
simulation experiment platform were developed, and the kinematics analysis of autofollow row system was
also carried out. During the tests, the 4LTSYT — A autofollow row field simulation experiment platform
was placed under the beet root deviation distance detection mechanism and digging mechanism of the
4LT — A type beet combine harvester, and its power was provided by the variable frequency motor
controlled by the control box. The 4LT — A type beet combine harvester was towed and powered by a John
Deere 1054 tractor. Single factor bench tests were carried out by taking leakage digging rate, damage rate
and response time as the autofollow row performance indexes, and taking reset spring preload force,
forward speed, deviation distance, hydraulic flow and oil supply pressure and plant spacing as test
factors. The significance and influence of each factor on each performance index were analyzed. The
variance analysis and visual analysis of the single factor test results showed that the spring preload force,
forward speed, deviation distance and hydraulic flow had significant effects on each performance index,
the oil supply pressure and plant spacing had no significant effect on each performance index. With the
increase of spring preloading force (range of 53 ~346 N), the response time was increased, and the
leakage digging rate and damage rate was firstly decreased and then increased. When the preloading force
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was 198 N, the leakage digging rate and damage rate were the lowest, which were respectively 2. 34%

and 3.77% . With the increase of forward speed, the leakage digging rate and damage rate were

increased gradually, and the response time was decreased gradually and tended to be constant. When the

hydraulic flow was changed from 15 L/min to 35 L/min, the leakage digging rate was gradually

decreased, and the response time and damage rate were first decreased and then increased. When the

hydraulic flow ¢ =25 L/min, the damage rate and response time were the smallest, which were 3. 77%

and 0. 47 s, respectively. Each performance index was increased gradually with the increase of deviation

distance, and the autofollow row system had a good adaptability to the deviation distance of O ~6 cm.

This research can provide reference for the later parameter optimization and the research of automatic row

harvesting system of beet and other undersoil fruit harvesters.

Key words: beet; combine harvester; traction type; autofollow row; performance test; bench test
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Fig. 1 Schematics of beet autofollow row combine

harvester structure and principle
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Tab.1 Major performance parameters of combine

harvester
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Fig.2 Deviation distance detection mechanism
LGSR ZRAR 2. MRS 3. RS R 4. 1R
St 5 AN 6. ATTRIEIR AR 7. AR 8. e gk
BROIAR 9. 3FF 10, HAF 1L HUR 12, BESR 13, FELR
Bk 14, 42T

WA IR, Ze A R R 22 b TS HeAR fY
e R ,m i PUSERTALR AT S AT A& R SO
P R IE RIS | 15 5 Fe M WUR R SR DU AT ) 25 A
(LR 1) JEE 7S P A i 2 P A B, R A
SRS A TR 7 e 4 P ok o A 5 1 i 4 4
il 75 o

Horp 5 S R U R A DL A% LB 23, 32
FOR R THSAE AR B AT PO i 25 A (AR B B A 2
Fe AR REVUN Y M AR 7 o FLASHIUNIAT 2b iR,
B AR IRAR R FRAT AL SR AT A i
FPEE AL, RIS Sh 7 5 AR IR 20t I R T 42,
B0 R 2 0o A S 22 i ) B L5 1 S O e 5l
BT T AT A AR BT A OB AL (KIEALA

Bl T HEAT R Al 15 12 SR Tl X0 ) |, A% I e T e Al o
ARIEAL CE AN R i 5 RIE AL A R AU I
T I S 1, AT 5 R AT 18 R i 4
ARl B % SRR A BRI 38 o A 0 e, HL
DB/ RT3 125 B A/ P R (1 30 BRI 93, K
AT B B R\ D0 S (A
12 B ) 1
w,=d (1)
wy,=2(H+d/2) (2)
AP w,—— SR PR A YR mm
w,——Je R\ FHEREAT A AL S mm
H——FHR YR 247 H O BE B, mm
d——TH AR FAR , mm
2R 37 XS A H 2 0 ~90 mm,d
50 ~ 140 mm, SRR EAR A ME 3 Fram, R
A (1), (2) IEZ B R A, &8 w, =
400 mm ,w, =250 mm,
151

YHER11.40 cm
PR 2= 71.99 cm
10F N=50 /\—

BB

56 7 8 9 1011 12 13 14
FiH=% JA%/em

K3 FHSCHUR AR

Fig.3  Diameter distribution of beet root
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Fig.4 Schematics of detection mechanism movement
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Fig. 10  System response time measurement
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Tab.4 Influence of spring preload on indexes
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Tab.5 Variance analysis of spring preload on indexes
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Tab.6 Variance analysis of forward speed on indexes
FERE  FHM HBE  HH F P
28] 0.007 4 0.002 951.722 <0.000 1
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Fig. 13 Influence of hydraulic flow on indexes
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Tab.7 Variance analysis of hydraulic flow on indexes
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Fig. 14  Influence of deviation distance on indexes
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Tab.8 Variance analysis of deviation distance on indexes
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Tab.9 Influence of oil pressure on indexes
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Tab.10 Variance analysis of oil pressure on indexes

7 AR FaM AHmE BT F P
ZH 8] 0 4 0 164.391 0.060
T BN 0 10 0
pEvill 0 14
AiE  0.287 4 0.072  1.044  0.432
Ul AN 0.688 10 0. 069

A 0.975 14

AE 0,002 4 0.001 1.848 0.19
n, N 0.003 10 0

BA0.005 14

F S0 AT 2R 48 32 i 1 B9S2/ 7E R
Fe i PRAT ARG BT s 3l 3 BB 1 X i g i3
WEPESS, HA R AR TE v 42 (0SS N . 55 h B

AT AT W R T A SEBR TAE R 7 i T AERT () 17 3%,
TRIE A W S T AR 7 808 K,
FERGEAT MR HERY R T . BT DL, I 2 53 ] 20 s A
THH 6 & P RE TR PR RZ I
3.6.6 FREEAYSAA

[EE ¢ =25 L/min, F =198 N, H =60 mm,» =
1.2 m/s,p, = 18 MPa, #RIEEXT H shXH T PEREFE i i
M 5 AR 11 R, 22 ir g5 i’k 12 fir
N

R 11 BREXNSIEFRAFIG

Tab. 11 Influence of beet spacing on indexes

PRIE L/mm R T/s RAEER /% W,/ %
200 0.467 2.34 3.78
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Tab.12 Variance analysis of beet spacing on indexes
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