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Abstract. At present, the main mode of maize straw returning is total returning, which has large amount
of returning and stubble is not perishable after burying straw. The operation mode of corn straw grinder is
near ground crushing, in the process of crushing, the blade is inevitably exposed to soil and worn
quickly, which leads to the poor quality of straw pulverization. Therefore, a comprehensive utilization
plan of corn straw was put forward. When the corn was harvested and picked, the straw above the ground
must be recovered and the remaining must be cut off back to the field. On this basis, the double header
was designed on the 4YZ(Q —2B1 type corn harvester for reaping both corn stalk and spike. The saw-disc
pulverizer was added below header, circular saw blades were adopted by the device and arranged in
inverted cone, the diameters of blades were gradually reduced from top to bottom. Linear speed of the
tooth tip of saw blade tip was proportional to the diameter of circular saw blade, during the process of
cutting corn straw, there was a relative velocity between the adjacent saw blades. It had the effect of
tearing while cutting straws, which was more beneficial to the pulverization of straw and the subsequent
decay. In addition, maize straw was crushed by the circular saw blade while upright, and the saw blade
was not exposed to soil to reduce wear. The saw tooth of the saw blade can keep sharp for a long time to
ensure the effect of straw sawing and crushing. Combined with the movement and cutting mechanism of
circular saw blades, the influence of saw blade thickness on sawing, and the height and amount of saw
blade teeth on cutting and re-cutting were analyzed emphatically. At the same time, the parameter

optimization and motion analysis of double header was carried out by ADAMS. The operating parameters
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of the two rows of picker rollers were analyzed to ensure the consistency of the harvesting monomers in two
rows. The trajectory of effective working height of circular saw blades with diameter of 180 mm was
analyzed. The result showed that there was a coincidence between the track lines. The saw-disc
pulverizer would not produce leakage during operation. Through the Pro/Mechanica in Pro/E, the first
order vibration mode of saw blade shaft was simulated, and the natural frequency of saw blade shaft was
analyzed. In order to eliminate vibration, trying to let the external excitation and avoid natural frequency
or minimize the excitation of natural frequency. The plane saw body integral circular saw blade was
adopted by the saw-disc pulverizer, the diameter was 180 ~380 mm, and the thickness was divided into
1.2 mm, 1.5 mm and 2 mm. The tooth shape was isosceles triangular profile bevel gear tooth with height
of 7.5 mm. And the center distance of the two knife roller was 760 mm. Field experiments on qualified
rate of chopping length, returning amount and stubble height of high-stubble maize double-header were
carried out. The results showed that the qualified rate of straw chopping length was 92. 14% , average
stubble height was 52. 18 mm when working speed was 2 m/s, rotation rate of the knife roller was
850 r/min, all test indicators were satisfied with standards of straw stubble machine, and the amount of
returning to field was 30% to 40% of the full amount, it can achieve the corn stalks smashing from the
ground and completely chopping of straw fiber and improve the quality of corn stalks returned to soil. The

quality of corn straw returning to field was improved, and the problems of blade wear and poor quality of

straw chopping were overcome.

Key words: corn harvester; cornstalk macerator; saw-disc pulverizer
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Fig.1 Structure diagram of spike stem and corn

harvesting machine header
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Fig.2  Structure diagram of saw-type corn stalk
shredding device
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Fig.3 Schematic of cutting corn stalks by two
adjacent circular saw blades
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Fig.4 Cutting of a sawtooth disc cutter
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Tab.2 Field data of corn stalks

- BRBE ASMEE, RIKESE ZEFEAR/
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7 28.8 258 110 20.3
8 29.2 264 99 22.8
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S 27.5 255 107.5 21.9
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Tab.3 Straw crushing pass rate

Straw crushing effect

WA KERAREFTRE /e RRR /e AME %
1 61.8 885.2 93.02
2 55.0 952.5 94.23
3 88.5 875.8 89. 89
4 72.6 939. 1 92.27
5 65.7 948. 5 93.07
6 78.2 927.7 91.57
7 96.6 900. 3 89.28
8 70.9 912.2 92.23
9 58.8 935.5 93.71

S {E 72.01 919. 64 92. 14

3.3 BERERR

FEASAT AR AL DA BE Ty 1) B 3, T E B
A1 m? S P RS B ER A R TR AR T T
VIR, R mE 12 3% 4 fiR,

gt

B 12 oK B AR
Fig. 12 Corn stubble height



48 & A Bl B ¥ i

2018 4

x4 BESE
Tab.4 Stubble height

T 25 /3 A X {H/ mm
1 10 48.5
2 8 52.2
3 10 55.7
4 9 53.1
5 46.0
6 8 57.6
S 52.18

BORAH FFRE S DA B A 50 mm [/ B, B8 /N T
T AT B ik T AL VAR T B9 100 mom 5 7 FF 53 e 1 2
FAR R 92 14% , 15 T F5 AT by 14 38 FH AL AR b A ofi
i 85% ; K F #F ik B & Oy 4x B 38 [ 19 30% ~
40% , if PH L3 B 5 B A e P 2 (E D 5218 mm, /]
FAEAMLARMER) 80 mm ; FOKFEFF 2T 4ERE S o€ 2 V) I,
O 21 4 2R A BT 5 WIS /N OB L

4 £

-l
o3

(1) Bt e B B E R & 78 58 R K §f
TR TR, BESS ARG AT ZEREFR LA R 20 em AR VI, 13
ol A 3 o 7l 2 0B B O R Ak, T AR A ik
B RS PP R B A, xR B BT R
KFEFF LR I DA B B OK TS FF 19 B3 bR 655, RE A5 0%
FORFEFFLF 458 UM, 48 & 1 KRS AT I4 H B &, e
R T A% 538 FAILIT Jr ) B4 R FE Ry e o 2 22 1 )

(2) B 4 255X B oK RS FF f i 25 8, R H P
T B R R AR R B R, A% 180 ~ 380 mm, JEL i
Iy R 1.2.1.5.2 mm 3 Ff, 5T R S5 I = A R
W h=7.5 mm, B J]E LR 760 mm,

(3) M HLAL iV 3 B2 2 m/s, J) 4R % 3y
850 r/min B, FEFF R BRAS BE G A% 20y 92. 14% i TH
FERTE I B AL AR L b o 1Y 85% , ¥ 76 785 B2 - ¥ {H N
52. 18 mm , /NFAEMVARUER 80 mm , Hyif R ITHEER

2 £ x W

BTE, AW, T, &, P EATRELCE G LT]. Rl T4 ,2009,25(12) 211 -217.
BI Yuyun, GAO Chunyu, WANG Yajing, et al. Estimation of straw resources in China[ J]. Transactions of the CSAE, 2009,
25(12) :211 =217. (in Chinese)
FET BT, FVELK, S5 v [ 32 B AR AR W RS AT BT IR AR VR AL R R A3 AT A [T] . ARl LA %41 , 2008 ,24 (12) :291 - 296.
CUI Ming, ZHAO Lixin, TIAN Yishui, et al. Analysis and evaluation on energy utilization of main crop straw resources in China
[J]. Transactions of the CSAE, 2008, 24(12) :291 -296. (in Chinese)
FRE, SPubig, Emedi, . PHET XL R A F I BT TS A LR Ema [ T]. Rl T %4, 2016, 32 (1 T
2): 39 -45.
TIAN Shenzhong, GUO Honghai, DONG Xiaoxia, et al. Effect of tillage method change and straw return on soil labile organic
carbon[ J]. Transactions of the CSAE, 2016, 32(Supp.2): 39 —45. (in Chinese)
B, 2%, TR, F HALRREOR MR PR 1R AR S5OV [ T]. Rk TR, 2016, 32(5) . 104 —111.
LI Juan, LI Jun, CHENG Ke, et al. Soil organic carbon sequestration, yield and income increment of rotational tillage measures on
Weibei highland maize field[ J]. Transactions of the CSAE, 2016, 32(5): 104 —111. (in Chinese)
a4, £2, S Rl B I AT SR KRR [ 1] Aol TAR 24, 2011, 27(11) : 211 -215.
WANG Zengli, WANG Zhen, FENG Hao. Effects of pulverized and ammoniated straw on soil bulk density and soil water-holding
characteristics[ J]. Transactions of the CSAE, 2011, 27(11) . 211 —=215. (in Chinese)
A N, AL REAF R L S P A X A /N EE R R A3 R AR MR [T] . Al TR 4R, 2010, 26 (3 1)
2). 156 - 162.
DONG Qinge, FENG Hao, DU Jian. Effects of chemical fertilizer combined crushed straw application on yield and water use
efficiency of winter wheat[ J]. Transactions of the CSAE, 2010, 26 (Supp.2) : 156 —162. (in Chinese)
ER, TTUETE, AR, & BRI RSB RSO [T]. Ol TR, 2014, 30(23) ; 43 - 49.
WANG Gang, JTA Honglei, ZHAO Jiale, et al. Design of corn high-stubble cutter and experiments of stubble retaining effects[ J].
Transactions of the CSAE, 2014,30(23) : 43 —49. (in Chinese)
FAAE. T EFE ARk AR A A R B S5 [T ] RALAEHESE, 2009, 31(7) :234 - 236.
DU Changzheng. Present status and consideration about straw returning mechanization in China [ J].
Mechanization Research, 2009 ,31(7) :234 —236. (in Chinese)
THE, BKEZE, HIAY, . ERBEFFEEIR G RENT]. RlE&E 5FEH IR, 2015,53(11) : 4 -6.
YU Linhao, GENG Aijun, YANG Qiyong, et al. Study on present situation of maize straws returning and countermeasure[ J].
Agricultural Equipment & Vehicle Engineering, 2015,53(11) : 4 = 6. (in Chinese)
RRAT, B, WEE. P EREDREFTEBHEA WL A E S T]. R LY, 2016,32(22) : 1 -9.
CHU Tianshu, YANG Zengling, HAN Lujia. Analysis on satisfied degree and advantage degree of agricultural crop straw feed
utilization in China[ J]. Transactions of the CSAE, 2016, 32(22): 1 -9. (in Chinese)
EWIC, B, HIEE, . AR E & BT IE A/ TR g m W R (] el TRE“E4R, 2013, 29(5) :
170 - 178.
WANG Bingwen, CHI Shuyun, TIAN Shenzhong, et al. CH, uptake and its affecting factors in winter wheat field under different

Journal of Agricultural



)

SR S - B A OR A AT A2 S0 65 B B A T2 BT 5 49

12

13

14

15

16

20

21

22

23

24

25

26

27

28
29

30

31

stubble height of straw returning[ J]. Transactions of the CSAE, 2013, 29(5) :170 — 178. (in Chinese)

BOR, BAETE, BOMEL, 5. A [RAE AT B R 0 A E K BB KR M oK s [T ] Rk TR, 2011,
27(HEF] 1) . 238 —243.

CAI Taiyi, JIA Zhikuan, HUANG Yaowei, et al. Effects of different straw mulch rates on soil water conservation and water-saving
benefits in spring maize field[ J]. Transactions of the CSAE, 2011, 27(Supp. 1) : 238 —=243. (in Chinese)

A, Sk, SRR, S ORRIRE AR BN LA HLR M HE AL A s [T ] Aol TARZE, 2016, 32(9) .
130 - 135.

LI Xinhua, GUO Honghai, ZHU Zhenlin, et al. Effects of different straw return modes on contents of soil organic carbon and
fractions of soil active carbon[ J]. Transactions of the CSAE, 2016, 32(9) : 130 - 135. (in Chinese)

BRLLE, TR, RN, S, AN RICH] B ORRE R RV I A 1 LB T ] i E RO RLAE, 2013,46(20) 14354 - 4361.
ZHAO Hongxiang, NING Tangyuan, NIE Liangpeng, et al. Comparison of yields and nutrient compositions between different
harvesting heights of maize stover[ J]. Scientia Agricultura Sinica, 2013, 46(20) :4354 —4361. (in Chinese)

sk, WBEEE, B, . R KRS AT I8 ) L AL g R &N R s (1], R E SR S R A=, 2010,
16(3): 612 -619.

ZHANG Jing, WEN Xiaoxia, LIAO Yuncheng, et al. Effects of different amount of maize straw returning on soil fertility and yield
of winter wheat[ J|. Plant Nutrition and Fertilizer Science, 2010, 16(3) :612 —619. (in Chinese)

FAUHT, A WO A [ 2 B K S R R s [T ], E kAR, 2008, 16(2) : 104 - 106,114,

ZHANG Jianxin, WANG Shuang. The cutting height effect forage quality and yield on different types of maize[ J]. Journal of
Maize Sciences, 2008, 16(2): 104 —106,114. (in Chinese)

JOHNSON L, HARRISON J H, HUNT C, et al. Nutritive value of corn silage as affected by maturity and mechanical processing:
a contemporary review[ J]. Journal of Dairy Science, 1999,28(12) . 2813 -2825.

OLIVEIRA F C L, JOBIM C C, SILVA M S, et al. Productivity and nutritional value of silage of corn hybrids with different
heights of harvest[ J]. Revista Brasileira De Zootecnia, 2011, 40(4) . 720 - 727.

PRASAD J, GUPTA C P. Mechanical properties of maize stalk as related to harvesting[ J]. Journal of Agricultural Engineering
Research, 1975, 20(1): 79 - 87.

Bk, BRI, R, % FOREFUEREEICRI]. RIEDIS, 2014, 36(7) : 245 -248,252.

ZHAO Xuelin, HAN Zengde, CUI Junwei, et al. Analysis of the current situation of the corn stalk chopping device[ J]. Journal
of Agricultural Mechanization Research, 2014, 36(7) . 245 -248, 252. (in Chinese)

KROES S, HARRIS H D. A kinematics model of the dual basecutter of a sugarcane harvester [ J]. Journal of Agricultural
Engineering Research,1995,62(3) : 163 - 172.

KROES S, HARRIS H D. Effects of base cutter parameters onpermissible cane harvester speed [ J]. Journal of Agricultural
Engineering Research, 1995, 24 (1) . 43 - 48.

ODOURI M F, GUPTA C P. Kinematics of revolving knife disk-type sugarcane base cutter 1 fundamental mathematical
relationships[ J ] . Agricultural Mechanization in Asia, Africa and Latin America, 1992, 23(4) . 9 - 14.

VK, WRE. KREGUCEIHLRE XS H S8BT [T]. Al U=, 1999, 30 (4) . 27 -31.

SUN Yonghai, CHANG Zhenchen. Study on cutting parameters of disc cutters on soybean reaper[ J]. Transactions of the Chinese
Society for Agriculture Machinery, 1999, 30(4): 27 —=31. (in Chinese)

by, e sC, ARub s, S SR R4 T U1 EOR RS AR AR 20 LA I [T]. AR AL ), 2007 ,38(5) : 47 - 54.
MA Hongliang, GAO Huanwen, LI Hongwen, et al. Experimental study on corn stalk and rootstalk cutting by driven disc[ J].
Transactions of the Chinese Society for Agriculture Machinery, 2007, 38(5): 47 —54. (in Chinese)

XU, B, X305 PR ERBCR LI B SR OF AR T]. M A2 2011 (34) ¢ 12 - 13,

LIU Feng, LUO Gang, LIU Wenliang. Research on the cutter of vertical-roll type maize harvesting machine [ J]. Value
Engineering, 2011(34): 12 = 13. (in Chinese)

PR ZE , RABDR SRR B, 5. ERFEFF I SRS PUEIRMERESC R UPFE [T ] Ol MU 44 ,2011,42(6) :89 - 92.

CHEN Yanjun, WU Kebin, ZHANG Junxiong, et al. Study on the relationship between mechanical parameters and lodging
resistance of corn stover[ J|. Transactions of the Chinese Society for Agricultural Machinery,2011,42(6) :89 —92. (in Chinese)
WAL B E KRR AT St [T]. 4L, 2008(2) : 72 -74.

iR, WA, L, . B AR S0 KR ZFT MR S5 0 [T]. 3 B 2 B i, 1995(4) : 36 —41.

NI Chang’an, LIN Gongzhen, JI Jiangtao, et al. Test and analysis of the disk cutter on cutting corn stalk[ J]. Journal of Luoyang
Institute of Technology, 1995(4): 36 —41. (in Chinese)

WHEE, SR, FEA, 5. U0 B DRI BF g [T]. ek BRI E 2 B4k, 1998(2) : 41 —44.

FAN Guochang, MA Damin, JI Junjie, et al. On saw tooth cutters of double disk[ J]. Journal of Hebei Agrotechnical Teachers
College, 1998(2) : 41 —44. (in Chinese)

SR RO S TR M]. Jbnt: FE MO H AR AL, 2005 67 - 85.



