2015410 A ﬁﬁz N4 1JL 1%% 5¥3 Tﬁi %46 5 5 10 M

doi:10.6041/j. issn. 1000-1298.2015. 10. 005

T BENBGSAEKNE NS RRAEHR

KZ# KA F W KEX FEE BEH

(HpEAROL R T2 B, Jbat 100083)

WE: 0 AT LT — & S WP RTS8 458 g g g ik 5 Bk Rg . AR THTRL
ik 2% i AR 5 5 5K A% IR A 1 [R5 B H 38 G 7E 1000 Haz M58 5 JOR 85 R A7 3050, 43 0 e S 4% 5% 4 42 B0 1) B A
&R 805 5K ) 1% s A A B0 09 B R B s R, R I B B AR, AN IR 20 4T 45 30 A8 4T 45 4% 18 Bl R AE A HE 4R K
TR VEAE SR DT BB A T RN T 3% . TR EdEBER SR IERSE T84S mn iz
B L R T AR A B AT S AL R T B e R .

KEEW: e WA EShEg kN RFE

FESZES: S817.11°5 XEfARIZED: A M ERE: 1000-1298 (2015)10-0031-07

Synchronous Acquiring System about Information of Bale
Knotter Movement and Cord Tension

Zhang Anqi Chen Longjian Li Cheng Zhang Shaoying Li Haitao Han Lujia
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. The bale knotter is the core components of the baler. To understand the working principle of
the bale knotter more deeply, more and more researchers have built varieties of the knotter test bench.
But this bale knotter test bench could not get the motion state of D-bale knotter and the tension of cord
synchronous in the process of straw baling, a set of D-bale knotter movement and cord tension information
synchronous acquiring system in real time was set up in the existing square baler. In order to achieve the
goal of synchronous acquiring information, a synchronization module was designed for synchronous trigger
high-speed photography and tension sensor. In order to verify performance of the system, a test was
carried out under the condition of 1 000 Hz. The object of this test was wheat straw. Four groups of tests
were carried out. From the tests it can be found that the number of target images captured by the high-
speed photography and the number of target data captured by tension sensor were the same, and the
feature points of D-bale knotter movement and variation coefficient of peaks of cord tension corresponding
to the tooth plate degree was less than 3% in different sets of the tests. From the tests it could be known
that the system can get the information of D-bale knotter movement and cord tension at the same time.
The motion sequence range of D-bale knotter was obtained based on the information of knotter movement
and cord tension. The motion sequence was more accurate than the existed motion sequence got by other
researchers. The accurate motion sequence chart of the rope disc, bill hook and knife lever were got from
the motion sequence. It could help to understand the working principle of D-bale knotter more clearly.
The synchronous acquiring system built the foundation of the geometrical conditions for D-bale knotter. It
was very useful for the research of D-bale knotter.
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Fig. 1  Three-dimensional diagram of D-bale knotter
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Tab.1 Distribution of feature points of knotter movement corresponding to tooth plate degree
i YL E R /() FHE/ T 25/ RIS Y
1 W 2 W3 a4 ) () %
e o8 28 B R 115. 00 114. 88 115.96 113.96 114.95 0.82 0.71
e 4 45 B 158. 64 157.24 158. 81 158.17 158. 21 0.71 0.45
i 2 2 45 1L 169. 09 167.29 168. 12 166. 69 167. 80 1.04 0.62
HEL 153 178. 18 176. 82 177. 44 176. 27 177. 18 0.82 0.46
£kt E A EIE A 199. 55 196. 41 197. 46 197. 57 197.75 1.31 0. 66
AL iR b 201. 82 200. 12 202. 12 201. 83 201.47 0.91 0.45
4T 214.09 212. 82 213.76 214.08 213.69 0. 60 0.28
W5 248 KT 3h 1 215.91 217. 06 213. 30 213.02 214.82 1.98 0.92
F A A 228.18 226. 06 226. 80 226.33 226. 84 0.94 0.42
e 4 445 1E 230.91 229.76 230.53 231. 12 230. 50 0.50 0.21
ZEWE( (L (HE RS 237.73 237.71 237.52 238. 05 237.75 0.22 0.09
B g 241.82 240. 35 241.24 241.24 241. 16 0. 60 0.25
) 488 25 T 249.55 250. 41 248.23 251. 89 250. 02 1.54 0. 62
JI5E 28 F°F ] A3 273.18 272. 12 271. 51 273.73 272. 64 1.00 0.37
JI5E 48 45 1k 334.55 332. 47 333.45 333.91 333.59 0.87 0.26
350 350
e RS B SRR RAE B B
300y E 40 B 300 _ AR B
2501  IEHRFEX 250 LA B
Z
K200
®
B 150
=
100 |
i W\N/\*
. . AL, . 0 AAAMAAARY
0 45 90 135 180 225 270 315 360 0 45 90 135 180 225 270 315 360
B A FE(°) AR ()
(a) (O]
37889 E’xajﬁ,ﬂ i~
350 - EE _
30 R B
300 | ‘ 300 | BB
5oL LZEHTEL 250 L EABIE
Z Z
R 200 F R 200
150+ 150 +
B
100 100 h
50 b 50
L AAAASARALY . AMAAMAMAA
0 45 90 135 180 225 270 315 360 0 45 90 135 180 225 270 315 360
VR REIER: fA15E/() IR HERE A (°)
() (d
ES A AR (R
Fig.7 Variation diagram of cord tension
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Tab.2 Distribution of peaks of cord tension corresponding to tooth plate degree
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Fig.8 Motion sequence chart of D-bale knotter
5 ZEAE A 3 5 B R 2y 60° I 2 3k Ji 1k 4, 1A
FE R R 240° 8 S B )5 1k Ao

i 20 w5 7 O S5 B R 20 115 fs i 2, 78 14
B R 24 241 °mf [0 8 W) 4h A &, 76 5 £ 5% 3 K 2
168° ~ 198° 2 [A] i #5 4 g 4b T 1R RS . Hidade ik
T IR IS B B BB SR, 3T 45 W 4 B 2 7E i
i 2 i T 2 1m0 7, A JH Dt PR 485 4 o (] o7 8 ik —
B IR 1 B ke f DR 4 i R O BOET 4 W A 4R 2
ik 2R AR K

R A CHTIT A OT BT 4 S B BT R
JFLRY 2: 10101,

U 28 AT A6 U7 5557 21 K 249 242°F i F 4, 75 7% 3]
K2y 250° 0 FI4a 25 oL, 1A B 5% 31 K 24 260 ° 1 JIF 45
W, 1 5 B K 2 2720w i 28 FF A T 4R A, B 40
SR SR B AL A KA 12° /I F 22, X — J7 1
AT DL DR B A1 58 1, o5 — Jr T 30 3ok el /0N I 268 AT 1 9
T BE ATl N X 5 2 AT S Y e

AW 58 W A ) (] 20 3R B G A W T {45 i 4=
W BT T AR B BN . R SR T
S ARG T 45 2% B 26 B AR FRAE ST AR L 5K T, A
FT A5 B 1 2007 73 B B8 08 1 S AR AY

3 £t

(L) T —Fhal S [ 20 3R BT 45 4% iz 2l 4]
BN EE 5K (5 Bl R GE, IF & T R T 4G
SR RSE AT QAR RSN CIE 2 e L]
IS [5) 25 AR HORS AR L 7 P T 46 e 1z 2l R A5 R
FARA 15K 115 B, 0T 25 48 e R U R 55 5
B S S AT 45 ot T B I R 52 S AT B T
R

() XA RGO T RE R UK R , i 5 25
W% A G e R B Sk ) AL A A R B
H AR EGE Z B G5 0 48 5K 5 Sk BERR E AT e, i
6 1o P e R A AR A H b R B 5K 0 A5 AR 2K
By B AR Bt /U808 H AR TR ELIF 8] 5 —— X R, &
GelR) A AR U SR RE K47, n] DL 2 iR oK

(3) 5T P47 4 4% iz 2l B8 55 10 48 5K 1 £ 5
P T ATZE SR 25 WU B2 Sl L, JF X S48 4% |
ST B AR AT B 1A s S FEE AT T A

Z £ x W

1 BEFiE, mAEmW, LW, % P EEFEREAMAE ] R TR ,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)

2 EWH,ETE, SEW. P EFEAT SR SR A b HGE BTN ()] P ERE AR, 2010, 43(9) 1852 - 1859.

Wang Yajing,Bi Yuyun, Gao Chunyu. Collectable amounts and suitability evaluation of straw resource in China[J]. Scientia

Agricultura Sinica, 2010, 43(9) : 1852 - 1859. (in Chinese)

30 THISC,BRM IR, AR, AR SO IR M X /N 22 TR AR AR WA AT BE VR AL A T o i 2 B SE R BT S (0. P AR LAE ,2010(4) ¢

14 - 19.



£ 10 3] S HE A% AT4E i S R S R4 K 0 15 B R SR IR S wE e 37

10

11

12
13
14
15

19

20

Ding Xiangwen, Zhang Shuge, Li Ji, et al. Experimental study on energy utilization and collection storage and transportation
models of main crop straw resources in Huang — huai — hai region[ J]. Chinese Agricultural Mechanization, 2010(4) :14 —19. (in
Chinese)
FHEEZE XYL D RTS8 R A WU B S i B S R AT 0] Al BLiaE 4, 2011, 42(6) : 103 -107.
Yin Jianjun, Li Shuang, Li Yaoming. Kinematic simulation and time series analysis of D-knotter and its ancillary mechanisms[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(6): 103 —=107. (in Chinese)
F&E, BEE, HCE, . TS AR RS EMERIELT]. R HU AR, 2012, 43(2) @ 96 - 100.
Wang Lei, Lii Huangzhen, Wei Wenjun,et al. Analytical conditions and visualized verification of knotter hook’s rope-biting [ J].
Transactions of the Chinese Society for Agricultural Machinery,2012,43(2) : 96 — 100. (in Chinese)
T BRI IR R A FTES SRR -G N W SIE S B T ST A [T ] A WU 2 4R, 2015,46(9) 135 -
143.
Yin Jianjun,Zhang Wanqing, Chen Yaming, et al. Parameters analysis of rope-holding motion, knot-winding motion, rope-biting
motion of knotter and knotting tests[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(9) . 135 —143.
(in Chinese)
A, Ak, frdE, S FRUERARAL D BTSSR I A ST T]. ol TARSE, 2010, 26(5) : 96 - 102.
Li Hui,Li Hongwen, He Jin, et al. Reconstruction and optimal design of driving dentate disc of D-bale knotter based on reverse
engineering [ J]. Transactions of the CSAE, 2010,26(5) :96 —102. (in Chinese)
Wil a2, sk 22 B, 4. SR T3 TRy D RUTEE S M Sz g i B[], AR HLR-# 4R, 2014, 45(12) : 104 - 108.
Chen Longjian,Li Cheng,Zhang Anqi,et al. Reconstitution and motion simulation of D-bale knotter based on reverse engineering
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(12) : 104 - 108. (in Chinese)
X, D RFTES AR A S5 M PERE T OF S [ D] PERIRE A4S . NS ARl R, 2009.
Liu Zhigiang. Research on structure and performance of eagle nose pliers for deering-knotter [ D]. Huhhot: Inner Mongolia
Agricultural University, 2009. (in Chinese)
e BN, PR, 5. FT 45 2 B4R A ALY IS 1520 A7 S B Bt [T]. AR L3R, 2015,46(3) ¢ 118 - 124,
Li Haitao, Xiong Ya, Chen Longjian, et al. Wear resarch and improved design of D-knotter wiper mechanism[ J|. Transactions
of the Chinese Society for Agricultural Machinery, 2015,46(3) :118 — 124. (in Chinese)
BV, 220 0 , TR 35, 55 . ST B0 48 I A LG 138 SR S BOTHRIR DTS [ T]. AR HLIEAT 5T, 2015, 37(7) : 113 - 118.
Xiong Ya, Li Haitao, Zhang Shaoying, et al. Motion laws and design basis of the knotter wiper mechanism [ J]. Journal of
Agricultural Mechanization Research, 2015,37(7): 113 - 118. (in Chinese)
Verhulst M J. Bale twine knotter with adjustable wiper: US,4351551[P]. 1982 —09 —28.
Hubert Prellwizt. Knotter for baling apparatus; US, 6164197 P]. 2000 — 12 - 26.
Wright J D. Twine cutting knife for square baler apparatus: US,7398727[ P].2008 —07 —15.
Thorsten Scharf, Ulrich Hesselmann, Cyrille Arnould, et al. Baler and method for operating a baler: US, EP20110005707[ P].
2013 -01—17.
Marc G Vansteelant, Marnix J Schoomheere. Twine force sensing apparatus for use on a rectangular baler; US, 5347920 P].
1994 — 09 —20.
WG, D RTZ S ENRE AT TS (D], IRRIE R A 58 ROk R 2% ,2009.
Huang Wei. Research on action and efficiency of deering-knotter[ D]. Huhhot;Inner Mongolia Agricultural University, 2009. (in
Chinese)
BR. OTRERERALRESE RGEHFE (D] et R R, 2013,
Li Hui. Study on knotting system for the rectangular balers[ D]. Beijing: China Agricultural University, 2013. (in Chinese)
PROE A, 250, S22 3t S A FFAIR HLId A2 b 3T 45 B A i a0 AT [ ] AR WLBR 4, 2015,46(9) 1128 - 134,
Chen Longjian,Li Cheng,Zhang Anqi, et al. Bill hook mechanical analysis during straw baling[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2015,46(9) . 128 —134. (in Chinese)
R 1 AN D BT S5 48128 5 B AT S5 FT A HNE Z 10 BT [ D] JE T i E ARk K2 ,2015.
Li Cheng. Motion simulation of reverse reconstructed D-bale knotter and bill hook mechanical analysis during straw baling[ D].

Beijing: China Agricultural University, 2015. (in Chinese)



