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Development and Experiment of Crop Feeding Angle Parameter Model in
Chopping Roll of Hay Cutter

WANG Zheng'? SONG Zhanhua'? LIU Ping'? YAN Yinfa'? LI Yang'? REN Longlong'® SONG Yuepeng'*
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Key Laboratory of Garden Machinery and Equipment, Taian 271018, China)

Abstract; The feeding sagittal angle of the forage harvester has a significant impact on the torque load
and cutting performance of the cutting roller. By detecting the relationship between the transmission belt
pressure and the feeding sagittal angle of the crop, kinematic and dynamic analysis was conducted on the
cutting characteristics of the harvester and the crop cutting process. The relationship between the cutting
quality, energy consumption, and the feeding sagittal angle of the forage crop was revealed.
A mathematical model for the feeding sagittal angle of the harvester’s cutting roller was established and
optimized. The experimental results showed that when the crop feeding amount in the optimized parameter
group was 5.5 kg/s, the cutting roller speed was 1 600 r/min, and the initial pressure of the transmission
belt was 1. 2 MPa, the mathematical model accuracy of the cutting crop feeding sagittal angle under this
operation parameter group was the highest, with an accuracy of 79.52% and a model deviation of
0.491 MPa (0.957 rad) , which can effectively represent the cutting load of the hay cutter. At the same
time, the cutting ability of the hay cutter was improved while ensuring the quality of crop cutting. Under
the optimized cutting feeding sagittal angle model, the cutting disturbance response time was shortened by
about 26.41% , and the unit operation energy consumption was reduced by about 11.36% . The
establishment of the sagittal angle model for feeding the chopped crops enriched the modeling method for
the cutting operation of the hay cutter, providing a reference for the design of the load control system of
the hay cutter for similar forage crops.
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Fig.1 Main unit of work location and chopping unit diagram
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Fig.2  Shredding drum
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Fig.3 Hay cutter power transmission system diagram
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Fig.4 Cylinder diagram of crop particle in working space
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Fig.5 Cutting load detection device of hay cutter based on transmission belt pressure detection
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Fig.6  Liquid suspension top pressure roller detection
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Fig. 8 Slip curve and efficiency curve of belt transmission
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Fig. 10 Working principle diagrams of hydraulic pressure detection for shredded transmission belt
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Tab.3 Variance analysis of planting seedling quality indexes
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Tab.4 Results of comprehensive evaluation

R 4
R T T TS

2 R
1 0 1 0. 800
2 1 0.704 0.763
3 0.372 0.597 0.552
4 0.309 0.083 0.128
5 0.342 0 0. 068
6 0.437 0.367 0.381
7 0.352 0.634 0.578
8 0.317 0.703 0.626
9 0.031 0.219 0.181

x5 BAEFEIBRESW

Tab.5 Range analysis of comprehensive evaluation

V) B o] K B L 51 ) B
SH f’E#’/Ju;‘iiJ;tE 1% jjkljjnﬁﬂ -
K, 1.506 1. 409 1.469
K, 0.578 1.941 1. 246
K, 1. 607 1.362 1. 745
R 1. 029 0.579 0. 499
K& F K A>B>C
RmAH A3B,Cy

RS FEFE FR g ERIN RN AB.C, LA & A
AB,C,  BIER ALK BEMR A BT 5. 5 kg/s AL il 4]
55 77 1. 20 MPa f&£ 3 45 5 3 1 600 r/min, Zi&TF
Gy05 223 M AR 6, BRI AR B AR 95% T AL 3y
PR e A3 A sl e XL Bl e G I 52 iy Sk 2, AR
Py P A E MR R SRS B I A A B4R
£6 BARHFESH
Tab.6 Variance analysis of comprehensive evaluation

MEF b T

T7 2R P

IR ¥ FPIIA
YEY B K IR AHE 0. 001 1 0.001 0.016 0.903
& B HE B I JE Ty 0.001 0  0.047 0.001 0.001"
1 2 S 0.001 0  0.005 0.001 0.001"
R 0.417 2 0. 069

T R (P <0.01),
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5 5 3 I ) F,%Lﬁ F I T R B

d’e . oy’
10xrF =M, :rﬁz (klkr —ﬁ.Sln(b)r (E) _

kk(R+r)w % +kk Ro® + g(cosf — fesingsing)
«

(e [2nm,(2n+1)mw];neN)
AR ER S =0.2,k =1.09,k =26.76,
BRMAEGSERAL(D) 15
%rg::54.08 N (12)

tZ

KA &S BRARK(3) H
€’ ~715.84 N (13)
B AL S A T AR I A5 X U0 WAL Bl
JEJ37k 3.5 MPa(343 N) . #4E(5), & (12) .
(13) th&g 0, =0. 152 (B0 755 TAL 8l 5 )
i), =0.317, B & 10 > 10x, > 10x, , T LA 2%
RV T B B DA S8R | 5 RS B 42 = 2 2. 08
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Fig. 13 Relationship between initial vector angle

and drive belt pressure
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Fig. 14 Comparison chart lines for each detection mode
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Steady state simulation curves of open-loop

speed for each homework unit
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Fig. 16  Simulation of transient response at various speeds

under incremental step disturbance of unit length feeding
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Tab.7 Hay cutter main parts and operation

3.1 R AHEIEIT technical parameters

BEALIREE & B e K B A 2.5 kg/s Fat B B {5
FEAEME A Mr — BB TA) J , Pt fin 22 B 4 B A BLAEE x 58 > 5/ (mm x mm >mm) 5454 x2 180 x4 319
BES.S ke/s MU 98, LIIRIR 6 & e ghpl el AR HST 4% VB &3
ik IR DIR A RS EST i OF (R o
ESENeTHER A7 ELAEX BEOT AT, 3R 2 S D DXL D) R 2P SR (eomin ') 1300
A PR . B R R A AR R A N EAFEFF(FFZ(20 £1) mm,
fRBos o F IR AR BB ik, i O AR 5% ~15% )
A ISP A IR 2R e (i SRS AT IR AT WG 5 A S A BITRA
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Fig. 18 Sample preparation for corn straw test
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Tab.8 Results of corn straw chopping test
25 FEFF & K/ % AT RN A 77/ (kgeh ™) SRR K/ mm W52/ % FRAERE R/ %
BUE 8.6 +0.01 1.89 x10* 18.30 + 5.50 95.0 + 0.52 96.70 + 1.24

e 8 Al A AL B ik 4 T BOK RS AT 4l T AR
NI AR PR ARG I T BT AR AR AT A A SR 5 S
DIEARE L, 04 4 ~20 mm, - B 9] 5 A BETHE

(0.7 ~1.2)L JERF A, bRifE R R R F] 96. 70% ,4F
A Z A
DI DAL R0 BTG RS B 3% 9 /i o
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Tab.9 Optimized model detection accuracy
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(r+min -1 ) Y] 4G (H/ MPa i AMH/MPa {B/MPa
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(1) B XHEY Vet 178 82 3 )12 Bis ¥

R 10 F=HI BB EE
Tab.10 Cutting energy consumption of each

control model
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