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Abstract: [Objective] In order to solve the problems that the seed guard belt is easy to deviate and slip in
application of the combined type-hole metering device of rice precision hole seeder, which leads to serious wear
of the seed guard belt and high rate of seed damage. [ Method] The synchronization principle of seed protection

mechanism was analyzed, and the shaft sleeve structure(A) and the hardness of seed guard belt(B) were
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optimized. A two-factor experiment with different bushing structures (A; as nylon bushing structure, A, as
needle bearing & copper bushing structure) and hardness of seed guard belt (B, B,, B;, B, and Bs represented
the hardness of 40, 45, 50, 55 and 60 HA, respectively) was designed using rice variety ‘Peizataifeng’ and
‘Xiushuil34’ seeds as test materials. [Result] The experimental groups of A and B had the highly significant
effect on the damage rate of rice seeds (P < 0.01), and there was a significant interaction between A and B (P <
0.05). A,B, and A,B; had the least effect on seed damage rate. There was a highly significant difference
between A and A,, and seed damage rate of A, was significantly lower than that of A, indicating that A, was
better than A;. There was no significant difference between B, and Bs;, but B, and B; had significant difference
with other groups. The experimental group A had a significant effect on hill diameter, B had no significant effect
on hill diameter, and the groups of A,B,, A,B; and A,B, had the less effect on hill diameter. There was a
significant difference between A; and A,, and A, was significantly better than A;.The results of test showed that
the wear of seed guard belt of A,B;, A,B, and A,Bs were less after working for 100 hour. The grouo A,B; was
the optimal with the wearing volume of 72.6x10” mm’ and seed injury rate of 0.04%, and the hole forming
ability and sowing effect were both the best. [ Conclusion] The optimized design of needle bearing & copper
bushing shaft sleeve structure is reasonable. It can significantly reduce the friction coefficient between sleeve

and shaft, is more resistant to high temperature and wear resistance, effectively improves the synchronization of
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seed guard belt, and significantly improves the reliability and sowing quality of seed platter.

Key words: rice; precision seeding; hill-drop direct seeding; seed metering device; seed protecting structure
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1: Flow adjusting device; 2: The first filling chamber; 3: The second
filling chamber; 4: Seed; 5: Hole-type roller; 6: Seed metering tube;
7: Protecting device; 8: Axle sleeve; 9: Guard belt; 10: Cleaning device
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Fig.1 Schematic diagram of seed metering device
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Fig.3 Mechanics analysis of synchronization for seed
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Fig. 4 Schematic diagram of different axle sleeves
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Table 1 Factors and levels in experiments
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Table 2 Effects of different structure of axle sleeves on slip rate of guard belt at different working time %,
IR A
Test group Oh 25h 50h 75h 100 h
A B, 32.40+0.10f 21.28+0.15¢ 79.82+0.20h 68.81+0.2¢g 75.30+0.22¢
AB, 2.30+£0.01e 4.80+0.09¢ 5.41+0.10f 6.60+0.13¢ 6.21+0.14c¢
AB; 1.014+0.05d 3.40+0.11d 4.32+0.09¢ 5.5240.14d 6.42+0.15¢
ABy 0.97+0.02¢ 2.82+0.07¢ 4.27+0.01e 5.12+0.11¢ 6.35+0.12¢
A Bs 8.61+0.02¢ 9.80+0.10f 8.92+0.11g 10.21+0.18f 11.45+0.18d
A,B; 0.10+£0.01a 0.50+0.04b 1.20+0.03d 1.824+0.08b 1.8140.08b
A,B, 0.27+0.02b 0.45+0.03b 0.53+0.04b 0.62+0.05a 0.62+0.05a
A,B; 0.16+0.01b 0.26+0.02a 0.25+0.02a 0.60+0.03a 0.52+0.03a
A,By 0.19+0.08b 0.57+0.03b 0.79+0.06¢ 0.71+0.02a 0.63+0.023a
A,B;s 0.25+0.01b 0.46+0.04b 0.43+0.04b 0.64+0.04a 0.64+0.035a

1) Az RASNEZH; Ay iBRATHR&ARNE LM B ~BARAY 1 B 551 440.45.50.554260 HA, F) 5| 84 )5 R Fl /N 5 5

& T £ 5 %% (P<0.05, Duncan’s %)

1) A;: Nylon bushing structure; A,: Needle bearing & copper bushing structure; B;, B,, B3, B, and Bs represented the hardness of

40, 45, 50, 55 and 60 HA, respectively. Different lowercase letters of data in the same column indicated significant differences

(P<0.05, Duncan’s test)
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Table 3 The wear volume of guard belt in wear test at different working time %107 mm’
t/h AB, ABy AiB; AiBy ABs AsB, ArBy ArB; ArBy AsBs
0 25+0.2a 2.5+0.2a 2.6£0.3a  2.6+03a  2.4+03a  2.5+03a 2.5+0.2a 2.5+0.3a 2.4+0.2a 2.5+0.2a

100 205.6+14.6e 195.6+15.7¢ 170.1£9.7d 136.4+£12.9¢ 98.7+8.9b 102.4+5.7b 98.7+4.7b 72.6+6.8a 70.5+5.4a 69.4+5.1a
1) Ay R Eh B LMY Ay IRAT K &ARE 45 MY B\ ~ByR A F i A2 4 %) #40.45.50.554260 HA, Rl AT B0 R Bl 5 5
& 7 £+ % % (P<0.05, Duncan’s %)
1) A;: Nylon bushing structure; A,: Needle bearing & copper bushing structure; B, B,, B3, B, and B represented the hardness of

40, 45, 50, 55 and 60 HA, respectively. Different lowercase letters of data in the same line indicated significant differences (P<0.05,

Duncan’s test)
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Fig. 6 Effect of different protecting structure on hill diameter and seed damage rate of different rice variety
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