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Design and Experiment of Profiling Floating Pickup Control System
for Straw Baler in Hilly and Mountainous Areas
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Abstract: Aiming at the problems of low straw pickup rate and high soil content in bales during the straw
pickup operation of conventional straw balers under complex working conditions in hilly and mountainous
areas, taking the Dewo Technology 9Y —2230 lightweight integrated straw pickup and baling machine as
the carrier, an active profiling floating straw pickup control system was designed based on PLC. By
analyzing the straw pickup process under complex working conditions of undulating farmland surfaces, the
limitations of the pickup device of conventional balers were pointed out, the overall planning and design
of the profiling floating straw pickup scheme were clarified, and the structural parameters and working
condition ranges of key components of the control system were determined. A model of the profiling
floating pickup control system for the baler was established, a fuzzy PID controller was designed, and a
Matlab/Simulink simulation model of the control system was built to verify the reliability of the control
strategy. Field test results showed that during the corn straw pickup and baling operation in farmlands of
hilly and mountainous areas under the working conditions of machine forward speed of 3 km/h, pickup
drum speed of 110 r/min and pickup height of 100 mm, the average straw pickup rate was 96. 039% and
the average soil content in bales was 3. 485% with the intervention of the profiling floating pickup control
system. Moreover, the operation stability and pickup effect were superior to those of the control group
under manual mode control, meeting the design objectives and relevant national standard requirements.

Key words: hilly and mountainous areas; straw baler; profiling floating pickup; control system; fuzzy
PID; field test
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Fig. 14 Field test of straw pickup and baling

4.2 REAHESIER

T vk M F8 b5 2 I/ GB/T 25423—2023
(I EAATHRHLY A GB/T 10395. 20—2021 { AL AL
WA 5520 T KARATHR ALY S AT HR AL
BBAE A L BT TR IR R . e BRAS AT T4
VRNV AR R K46 51 B % R 100 mm, Ry P45
TE B shHe a5 JR e 1Y S BRAsCR | Sk HIXT b i 56 Uy
2K R T Hua AR X 5 6 B IX, B X 204 3
FAg K 58451 100 .3 m, BRI
W3 M E FTHRPLATHE B 2 3 4 km/h, #4578
TR I 110 v/min, HA KA EEGH RGN
“H S BB FTHRAIL AT S8 B I A 5 05 T 77
SR TIRE X IR O < F i AEE LA
FEOAR i FE R . HLE IR e S 5 S fa e e
X X PR IX HEAT R A SR T T, FEFFE TR S
AL T AR AT 25 G WAL AR R TR R AR AL
A I DR 3 A 2 e s, X
TR  EREEY, 2 A ¢ B AR e, fE ARG H5
R=95% A& HR<5% M AaH BN

Mb _Ma
b
7=""%100% (26)
m,
Krf —FRHRIE R, %

M,——X BRI SRS FE ST i ke

M ,—1aX58 I URE s N BR AR RS A A ke

T—ELE % %

m,——FEf T R ke

m,——HURERE A B i kg
4.3 REEREHH

RIS BT , AR R 5 & R0 45
AL I 15 Fiow



4

BN A R I RS AT TR LD 92 shidda P il R gt i 515 223

1001 Epziisay
NE=7T Y
98t
961

94

FAFTHAR /%

90

88

86
B R/ (km - h )

ol EmEsEst
FSESTIEN

—_ —_
o f=4 [
T T T

e 85 -5
=

2 3
iR/ (km - h )
15 2 Al T il g

Fig. 15 Comparison of test results under two control modes

H1 Pl 15 TN, MLELA F ) Sl sl i e 3k
2.3 4 km/h BEFHGE P 4H 20 5128 95.591%
96. 039% ,94. 659% , H Fb T sl 152 =X Xt 17 Aty 2F ok &
94.091% 92.937% 92. 256% HIFEFT 48 T 111
A3 4R 1.500 3. 102 2. 403 NE A A, A
WA & £ R 5k 4.102% | 3.485%
3.861% M b Fah B X T & £+ FF ¥ E
4.888% .5.849% .6.707% 43 B 0. 786 .2. 364 |
2.846 NE A, HME 15 UGS, AT
FEFFRAA R S0 & 1 il g0 45 S A0 T i B 30N,
TERTHER T N 3 km/h I —F BRI R, £0
FETIE 17 shE il RGN A T UL IR VL SR

S, FLVE Al FE B B 1 A s PR
TR AR & LR AR A
I HEE T B FF 3040 4 AT 86. 1% 0 5
AT 12.45% . UL, B0 3
Feft Al BR300 T T3 8, R4 5
IR 25 B R 2 A A b 2R
BT RIF AR SR B O R

5 it

(1) &% Fr b L RS A AR F TR AVE L 3 72 55
PURSFHEAR AT AL 7 R S S Rl AR 5% LAl
REHE 9Y 2230 LM BURS A A0 F T — KA 2k
T R TR RS ARG AR R o 18 D)
KHIER%E B PIE I TR &S ATEE R T T
T e A FE R D A AR FRoE fnik R 4a A THR S5
A6 475 1o B I A

(2) X Jey A | U1 5 b B S A A 40 e AR A T
3BT, F6 2 TN H AT R LR b 2 7% v iy =
A TR DX | AT ik - S (R A X R AR VR AT B
Wiz ShE AT 40T , ¥R 5 7E g L Mo AR H 5 )RS FR 46
ARV B2 S 38 3 X R sl A T AR T 2
PR IRA T2 B 11938 sl 2 B sl 12453 M, i e T Gk
TR 25 A S8 S T

Q)BTRS R R GRS T
ot B s S Bt TR R SRS R S
B PID Tl 5% , A 8808 o 14646 = BE i s iR B
W3 Simulink f5 BRI UE T 4586 R 5000 A #idE

(4) HIMa] RS 25 5 e B, 7 e bz Ll X 52 2% b
T AT AR MR I, R IR S i HE i R G
AN TR AR W LT T, YPLE ATk
3 km/h S IAVR 3 110 /min 355 100 mm
I, A% AR 38 R N 96.039% , 4l U & + K R
3.485% i VTR FAH G E R

Z % x #t

(1] MR,
1-8.

AR, BREE, SF TR HSE R R  IXAO UL A SR HARIEIE [ T] . B REAARO R oA, 2024, 5(2)

Cui Siyuan, Cao Lei, Chen Cong, et al. Path research on the agricultural mechanization development in hilly and mountainous

areas based on application scenarios J]. Journal of Intelligent Agricultural Equipment, 2024, 5(2): 1 —8. (in Chinese)
(2] ®WE%, #5E, R, . B ILKARHUALZ RIUR S B [J]. el T, 2025, 15(10) : 1 -7,

Han Yafen, Dong Hao, Wu Haihua, et al. Development situation and considerations on agricultural mechanization in hilly and

mountainous areas[ J]. Agricultural Engineering, 2025, 15(10): 1 —=7. (in Chinese)
[3] BR, 8CAF, BRINT, 55, BT SCHRIT R0 FORFE R SOCHIL R AR [ 1], Al T4, 2024, 40(12) .

224 -236.

Chen Li, Lai Youchun, Chen Shuaiyu, et al. Analysis of the key generic technologies for the utilization of maize stovers based
on bibliometrics[ J]. Transactions of the CSAE, 2024, 40(12) : 224 —236. (in Chinese)

(4] Efd, W08, WEE, % PEESRIN A REERSHESBAERT )], R TRE%MR, 2024, 40(22) : 12 -21.
Wang Jian, Zhang Hui, Shen Yujun, et al. Development practice and promotion route of circular agriculture in China[ J].
Transactions of the CSAE, 2024, 40(22): 12 —=21. (in Chinese)



224 2SN A IR A S 2026 4F

(5] ARV, fIEL, 625, 45 Bl AR T SRR B i (1], 4l TR, 2023, 13(12): 5 -10.

Wang Dongyang, He Yafen, Han Yafen, et al. Current status and development suggestions of agricultural machinery research in
hilly and mountainous areas[ J]. Agricultural Engineering, 2023, 13(12) : 5 —10. (in Chinese)

[6] TiM, A, L&, & REEUVKEFRFHIAIN—ARi 5861 ]. R, 2025, 56(11) ; 298 -307.

Jia Pengcheng, Xu Fudong, Wang Jinwu, et al. Design and test of light-weight rice straw picking and baling integrated machine
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(11) : 298 —307. (in Chinese)
(7] skve¥, ZE70TF, 2E0ehE, 45 RRRINXE R AR TR A — AL 5iAEe [ 1], AR, 2025, 56(11) : 135 - 145.
Zhang Keping, Li Shengsheng, Li Xiaokang, et al. Design and experiment of alfalfa picking baling and wrapping integrated
machine in hilly and mountainous areas[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (11) :
135 - 145. (in Chinese)
[8] Cristiano M A, Rafull L. Z, Queiroz D M, et al. Modeling and simulating the harvester header dynamics using 3-way valve and
PID controller[ J]. Measurement, 2026, 258 . 119116.
[9] Xie Y, Alleyne A, Greer A, et al. Fundamental limits in combine harvester header height control[ J]. Journal of Dynamic
Systems Measurement and Control-Transactions of the ASME, 2013, 135(3) ;5279 - 5285.
[10] EUChh, &0, |, 5 HEBGRPLE G b H RGBTSR [ T]. R, 2023, 54(2) : 119 -
128,138.
Gong Yuanjuan, Jin Zhongbo, Bai Xiaoping, et al. Design and experiment of servo control system for sugarcane header[ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(2): 119 - 128,138. (in Chinese)

[11] EWT, Bk, 250, 55, DR SRR SR SHIEN PID AW RV (1], RALMA, 2025, 56(7) .
361 -373.
Wang Xin, Yang Deqiu, Li Yang, et al. Fuzzy PID self adjusting system for operation parameters of potato picking device[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(7) : 361 —373. (in Chinese)

[12] XU, B8 3C, Wi, &% FETRIMT PID 4260 iy AR s [ G 05§ SRR RS 500 [ )], fOl TRE#4H, 2022,
38(10):1-9.
Liu Weijian, Luo Xiwen, Zeng Shan, et al. Performance test and analysis of the self-adaptive profiling header for ratooning rice
based on fuzzy PID control[ J]. Transactions of the CSAE, 2022, 38(10) ; 1 —=9. (in Chinese)

(131 VR, Gk, med, 45, Al s R R B E R U BT 52800 1], R TR, 2024, 40(4) .

62 -71.
Xu Tao, Liu Zhixia, Gao Lianxing, et al. Design and optimization of crank — slide type spring-finger cylinder peanut pickup
mechanism[ J]. Transactions of the CSAE, 2024, 40(4): 62 —71. (in Chinese)

[14]  REX, BT, S0tk &5 § I8 SURM A A AR EITHI (], Rk TR, 2024, 40(12) : 13 -22.

Gao Lianxing, Liang Gangping, Cai Yilin, et al. Pickup device with shovel teeth and double cylinders for the bunch of peanuts
[J]. Transactions of the CSAE, 2024, 40(12): 13 —22. (in Chinese)
(15] StWAf, EBIRI, F45, 5 MBS AR T — B S ]. AP, 2025, 56(12) : 397 -406.
Shi Mingwei, Wang Minggang, Wang Wei, et al. Design and experiment of integrated machine for cotton stalk crushing and
residual film recycling and baling[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(12) . 397 —
406. (in Chinese)

[16] PR HUARAREERE. ARSI TA M. st R REROR H A, 2007.

[17] Luwo Y, Liao Z, Shi S, et al. Design and testing of a 2 — DOF adaptive profiling header for forage harvesters[ J]. Agronomy-
Basel, 2024, 14(9) :1909.

[18] Wang S, Li B, Chen S, et al. Design and performance test of soybean profiling header suitable for harvesting bottom pods on
film[ J]. Agriculture-Basel, 2024, 14(7) :1058.

[19] ZWTF, MBS, B, 5. BTSSR SEM B &N PID & 0 H LIRS R R L R GEATFE[ 1], 4l
HLAR 4, 2025, 56(12) ; 366 - 375.
Li Shangping, Ren Hongyu, Mo Yifan, et al. Intelligent positioning system of sugarcane harvester tip cutter based on bimodal
and fuzzy adaptive PID control[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (12) : 366 -
375. (in Chinese)

[20] Ni Y, Jin C, Chen M, et al. Computational model and adjustment system of header height of soybean harvesters based on soil-
machine system[ J]. Computers and Electronics in Agriculture, 2021, 183 105907.

[21] WL, XISLAh, M8, 55 JETRIRNE B A PiIl iR ML f R AT [T]. RALHLI: 4R, 2025, 56(12) :
247 -258.
Chang He, Liu Lijing, Cui Wei, et al. Study of leveling control system for transplanters based on super-twisting sliding mode
active disturbance rejection| J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (12) ; 247 —258.
(in Chinese)

[22] #Evk, IR, BB, S8 55T AGENBOHT PID A9/ R IR IS REWITE[T]. R, 2023, 54 (3T 1) .
93 -102.
Xue Bing, Zhou Liming, Niu Kang, et al. Sowing depth control system of wheat planter based on adaptive fuzzy PID[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(S1) : 93 —102. (in Chinese)

(23] Hxfe, THIR, KA, % R AERILEEEF A0 RRAGBOTSIKE 1], R ER, 2025,

56(12) . 170 - 179.

Xiao Maohua, Ding Jiachen, Zhu Yejun, et al. Design and test of anti-instability system of hilly and mountain track



%14 1 BN A R I RS AT TR LD 92 shidda P il R gt i 515 225

(24]

[25]

[26]

(27]

(28]

(29]

[30]

agricultural machinery transfer platform[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (12) :
170 = 179. (in Chinese)

(il Ffek, ZE0C0, Aihdr. UM PID Pl Sems ik g XML 2 RO RS S () ] ML, 2026, 43 (1) : 11 -20.

Ni Zijian, Li Wengiang, Yang Shixiang. Research on fuzzy PID control strategies as well as construction and application of rule
base[J]. Journal of Machine Design, 2026, 43(1): 11 —20. (in Chinese)

BB, S, MM, . JET BAS I BUB PID B0k BEBEBLEL FUIE BF B BTG T). R ML IR,
2025, 56(9) . 385 -394.

Qiu Changlong, Ma Zenghong, Du Xiaoqiang, et al. Adaptive leveling control of rotary tillage equipment based on BAS fuzzy
PID algorithm[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(9) : 385 —394. (in Chinese)
Nie J, Luo H, Zhou Y, et al. Design and test of a low-loss soybean header based on synchronous profiling[ J]. Agriculture-
Basel, 2023, 13(8) :1580.

Qin H, Wang L, Wang S, et al. A fuzzy adaptive PID coordination control strategy based on particle swarm optimization for
auxiliary power unit[ J]. Energies, 2024, 17(21) :5311.

THESE, S0, MG, AF HRBGRILA IR R G T]. AU AR, 2023,54(F8H] 2) (121 -127.
Ding Zhengliang, Ma Shaochun, Huo Peng, et al. Research on under-the-ground basecutting control system of sugarcane
harvester[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(S2) : 121 - 127. (in Chinese)
FHVESE, B, WEEHIT, S5 S A EORRE R R BUE ) BRI RGO SR [)]. R, 2024,
55(11) ;273 —284.

Fu Zuoli, Gong Zhichao, Chu Qingxin, et al. Design and test of active control system for soil compaction of high speed no-
tillage maize planter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(11): 273 - 284. (in
Chinese )

GHER, FMR, s, 55 FORGEAHEMIVELUE DR ERE RSB0 SRR 1], RAAR, 2025, 56(4)
72 -80.

An Xiaofei, Zhou Yulai, Li Liwei, et al. Design and experiment of precision control system for compaction pressure force of
corn no-tillage planter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (4): 72 - 80. (in
Chinese)

(LE#EF 213 W)

[18]

[19]

[20]

(21]

[22]

[23]

[24]

(25]

[26]

FEA B, JUVK , . R A GO E R GRMUR B BT 518 [ 1], AR~ ,2023,54(9) 178 - 187.
Wang Decheng, Zhao Yanrui, You Yong, et al. Design and experiment of self-propelled tracked chassis of king grass harvester
for gentle sloping fields[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(9) . 178 - 187. (in
Chinese)

NI FEEDE AT , 5. i A P L LR L S YRR [ ) . Al U A4 2021 ,52(5) :358 - 369.

Sun Jingbin, Chu Guoping, Pan Guanting, et al. Design and performance test of remote control omnidirectional leveling
hillside crawler tractor[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(5): 358 —369. (in
Chinese)

SR, Elz, i, 25, FUE =B IMLBOH ST S o RIS [ )] AU ,2024,55 (11) :306 —319.
Zhang Zhaoguo, Wang Yuan, Wen Bo, et al. Design and trafficability experiment of self-propelled Panax notoginseng combine
harvester[ J |]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(11) ; 306 —319. (in Chinese)
T 55U I 4. S6 T EDEM B XURBE W) - 1l R e 25 R PERE 0 A S8 [ 1] ARk TR 27412, 2017,33 (24)
65 -71.

Qi Jiangtao, Meng Hewei, Kan Za, et al. Analysis and test of feeding performance of dual-spiral cow feeding device based on
EDEM[ J]. Transactions of the CSAE, 2017, 33(24) : 65 —71. (in Chinese)

AT, K LS 9T, 45 WU T MR A KR RESORALITGI[T]. ARk TRE#4%,2020,36(3) : 11 - 20.

Fu Jianwei, Zhang Guozhong, Xie Gan, et al. Development of double-channel feeding harvester for ratoon rice [ J].
Transactions of the CSAE, 2020, 36(3) : 11 —20. (in Chinese)

BERR U, BRRE S R R RS b LA RORIESEL D ] BRI S RIS 54,1998 (4) 120 - 24.

Fan Qizhou, Shao Yaojian. A mathematical model for study the tractive force of screws on saturated clay soil[ J]. Tractor &
Farm Transporter, 1998(4) : 20 —24. (in Chinese)

Thakur C S, Morrissey P J, Sun J, et al. Micromechanical analysis of cohesive granular materials using the discrete element
method with an adhesive elasto-plastic contact model[ J]. Granular Matter, 2014, 16(3) : 383 —400.

B, RIS, BVLRT, A5, ST HERUA R R 1 0 B BB Hbn g [) ] Al TR, 2019,35(12) ;116 - 123,
Xiang Wei, Wu Mingliang, Lii Jiangnan, et al. Calibration of simulation physical parameters of clay loam based on soil
accumulation test[ J ]. Transactions of the CSAE, 2019, 35(12): 116 —123. (in Chinese)

SEEME. MR R LT e A EAE IO S IR [ D] D AR Rl R 5y, 2024,

Mo Hongtao. Simulation and experiment on impeller — soil interaction of boat-tractor[ D]. Wuhan: Huazhong Agricultural
University ,2024. (in Chinese)



