20224 11 A | AR A= 553 % BT 2

doi:10.6041/j. issn. 1000-1298.2022. S2. 003

RAEME TERABORIIRBNFFIEVER R

TH#H' BRMAY A#sf4'? pEz'
(LLHRFRAR RN 24 SHE AR F HE TR E, #IT 212013;
2 VLA KA TR 24 B, YT 212013)

FEE AP GEAR AL TR 4 AR AR 1 52 B A2 4 vh o AR P15 07, 5 BB S UL AR I ik 8l 8% B2 R 4R AL AR
R P 5 AT RE P AR SCHE T I WOAR HLIZ 3 P45 0 B A Ah PR S 4R S0 15 5 A DG PR 4 BT U vk LB A JF R H R DAL R
TR W BRI ALS AR Sl , AR IBOR R MRS B AR B IR s A5 = o MR AW 2 IR0 1 B 4
P Sl e B2 A5 B 2 058, WA BIL T AR sl Ty f R R, S it — 4 R EAR S R S R B AR ol R
7 7 72 4K T A 5 e 5 S A 5 0k — 2D AR R R 4l B R R AR AR . IR A RS R B k3 £
A TE AR R AR S [ T WA A5 3R I 108 BEL JE8 A P o 4R A 5353V P o R X TR T R 4R 2 5 o e Sy
W, B R PRIE 17 pum RE8E 2. 8 um , B AL 3K 83. 5% , Wi 1 15 5 i 16 14 A4 722 Ak B 430 4 55. 8% F1 7. 69% o i
L IR fa7 ) B WS R e ey P BT 195 Hz B3 70 8% = 583 ARG 117 Hz BiIE .

REEI : RABSD; B BRL; SRSERIE SRR

hE 42 S S225.3; TB533 ™ XEkFRIRAD: A X E4HS: 1000-1298(2022)S2-0020-08

Mechanism Analysis of Combine Harvester’ s Vibration Characteristics
under Feeding Interference

DING Hantao'” CHEN Shuren'” ZHOU Weiwei'? LIANG Runzhi'*
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education,
Jiangsu University, Zhenjiang 212013, China
2. School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; The change of the feeding amount will cause the various working parts to be subjected to
variable load impact and unbalanced force, resulting in a sudden change in the vibration of the combine
harvester when it is working. Aiming at the stability and reliability of the combine harvester, based on the
combine harvester motion balance equation and the correlation analysis method of the external vibration
disturbance signal, the vibration acceleration signal of the main working parts under different feeding
amounts was obtained by carrying out the variable feeding vibration test of the combine harvester under
field conditions. When the fed grains exhibited strong damping characteristics, the vibration acceleration
signal was decreased accordingly. However, when the power demand of the harvester was increased, it
would further lead to the phenomenon of increased vibration signal. The acceleration signal measured by
the test was processed by quadratic integration, and the acceleration signal was converted into a frequency
domain signal by fast Fourier transform. The change of amplitude and the characteristics of excitation
frequency were obtained. The vibration caused by the disturbance of the feeding amount mainly occurred
in the low frequency excitation frequency range, and the damping characteristic of the feeding amount
reduced the high frequency amplitude. The feeding amount had the most obvious effect on the vibration of
the threshing drum, and the maximum amplitude was attenuated from 17 pm to 2. 8 wm, and the change
degree could reach 83.5% . The change degree of header and the conveying trough was 55.8% and
7.69% , respectively. The maximum peak point of the threshing drum also moved left from the mid-
frequency near 195 Hz to the low-frequency near 117 Hz.
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Fig. 1 Introduction of test model
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Fig.2 Different cutting width settings of combine harvester
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Fig.5 Field test process of combine harvester
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A2 580 P BEL R A B 4 20 3k 5t B 3 k5, (L
H T IR AR (AN BB 8 RO L T A 9 3l ) R A
W4 g, OIS 2% AR E AR R IR, i 2
FEURNE S HRA R . R 5 5 5 R AL
DA K AR 73 5 W A IR 3 45 5 24 B e 3 5 s
W TP AR A B o RN R 4 K R Ak
F7AE T 5 X6 i 16 MY 1) 3R 20 4% 33 TR 7 R A UL A
T Hiy 205 M NS TR TR 15 ) i sl 15 3 o YRR R AR AR
PR IR B 2 13845 5 2R AR R, 5 SO P A7 B AR

E TARRERAM . BEH AR ZERRE , KA
TARRE R E B RS 5 5 Wz 28 T .
(e Fsf, MR P ol g 7 0 %8 ) S B B3 A SR 7 T
PAE 5o

i 3 GE A R FE T AR SR B R R AE L Fe b
{H CFBE s o 22 S 3407 MR A ik — AP AR o JEE A
AR DL TR I A A T SR A S i S AR I T R
B R IRB AT 1 .t 2 AL A 4R Bl R
SUEIE N A =3 = Z, % 5 5 ik Al 3% 4 A Ik 2 5 2



T2

TR A AR T A WO AL IR 3l 4 R LR B 5 25

WIEN C-3 -7 Hk i RahmZEiE R B-3 -7,
Mk R IR sh iR ZUE A D —3 — Z, Bl H 0 A 3
L, EA A -3 - Z AR SINEE (S 27. 673 m/s
R 31,695 m/s” E A SRk AL C-3 - Z
PRSI BE 55l 6.555 m/s"HEGR ZE 7. 105 m/s”,
Wikl B —3 — Z Ab PR 2h i B A5 5 52,763 m/s?
WG 5 57. 426 m/s’ BERLTR AT D -3 — Z kb4 sk
JEAE S 46.292 m/s” BEOR & 51,272 m/s”, T
F48.511 m/s”, Rl % WA B9 SBT3 i, 4% 3h o
JEAR S AN W 1 i, H 3 SR B0 067 B T RS 7
AT KA AR AL B A S R e R i R

AN IR IR B 0 B S IR S AL i U7 1) . BEAE A
o R 8 5 AT TR R 1) 4 0 £ 5 Sk B S 0 R D 1Y
e A A2 A s A R TR AT A R
A3 R TR TR A TORF R 5 BE A i ot L B B AL
JUAF B4 [0l 532 Bl 72 M 1 5, B IIR B0 A5 -5 A W o
YRR B — i T LS, R KL T 2 B A BH JE
PR TR RIS BE AR (14 o o 2 28— 2PN 1 [l B
SEAIR S, B R S5 S 0 Bss e R, BE
A MR B  Jd L 7 15T 2 W 3k B e R AR, Y
] B HOK R 5T, B2 B AR IR 25 2 1l 4k 3 i
FFER

R2 ARBEBETETEBGHRIMEESFS TN

Tab.2 Variation of vibration acceleration signal of each working part under different cutting widths m/s’

R B T 1 1% G ORME fe/ME FHME i 22 ¥ p

PU 43 22 — | & A-3-7Z 124.912 -142.613 -2.012 27. 600 27.673

E & 24 ] i A-3-7Z 131.352 —135.411 -0.117 28. 168 28. 168
Tk I e A-3-7 166. 173 -161.382 -2.460 31.599 31.695

PU 43 2 — | & C-3-7 59. 664 -53.743 -0.536 6.533 6.555

E A Sk L R B-3-7 33.326 -29.420 1. 129 6.598 6. 694
Tk I e C-3-7 73.397 -71.657 -0.966 7.039 7.105

DY 43 22 — | i B-3-7 245. 827 -277.779 -0.316 52.762 52.763

iy % A 2 # g B-3-7 248. 054 —-231.239 -0.053 54. 858 54. 857
W H 0R B-3-2 240. 425 ~253.700 -0.216 57.426 57.426

P 4y 22— E g D-3-Z2 188. 940 —-345.714 -1.231 46.276 46.292

i Ao T 1 > Y D-3-7Z 199. 744 —458.754 -7.592 50. 707 51.272
Tk E e D-3-7 203. 406 —446. 364 -2.754 48.433 48.511

3.2 IRANEHR 3 TIRIES BIRTE S

i, [7 ot 3 SRCHHAIR T i F 7 1) SR A 3 S

3 2o T o JRE A 5 1 0 R e RO 3 4 7 AR
Jv A% TR 5, T ) W AR 2l 4% 336 7 1) K Ak 8 i 2
SITTERL o R 0 DA B4 g B A5 AT R
S RE B G e R A Sy A e (FET ) R i B AR S
Fe A WA 5, 1 — A0 B 402 iR R 72 A B IR AR
FRAE o 7225 SRR 0 5 = 22 AR P b, il b 208 20 51
R DYy 22— = 0 B G ) X R ) AR
AR A T R o BB A FRE R R RO
W 2 81 W 114 72 A 2 — U L 0T IO A IR AT R B AR AN
AR A2 F R IS B0 (R AT RS A PR R 0 Dk
550 I 5 R T AR DR B, 6 ) I 0 R
IR 2 T U L B85 A0 3 ) ) AR 0 B8 gl o i ik
PR IR 8 0 0 R 8 o 4R o 7 R 0T DX ] i PR
a8 R e AT IR R A A T R X ) D B4R i 4
5o DL G2, [ IF 08 I s 0 20y 1) B o B0 AEE A, IR 0 ) S
W22 o MR SR X IR VR AT R 3 R e dRe oA T A DY
3 22— F R I e R AR R 30 17 T 7~ 550 0 B
R R A0 IR 2 2. 8 wm, Bl A R A4 2 — 2 B, A
RARME IG5 2 13 w2 F R T 9% 0 1 40 0k
55, ARBTAR A4 A8 A B0 28 H SR DX ) K R 4

TE G 1 — B AR IX (8] b 4R 0 £ 455 75 [7] — 7K S 3
Pl ot R 10 3 — 20 B, AR HIR 1) 0
FC R ORI (EL AL P9 23 22— R A9 ROt 195 He [
T 7E M R UL AR 117 Hz B,

S Y B 418 38 AR R IR R AR A, e S A
WA L, X V7 114 % i 451 4 e AL, &5 SR Ak 3 B R
VU 73 2 —HE S IR T o0 T, 15 194 Hz 3R
RN HIR R 5 o PR SR 728 O T B0 IR, i RIR 1
JO7 A IR AT R AR g 131,84 Hzo DU 3 2 — 81 R I 4
RARMEH 7. 69 pum , 2 i B e KR 3. 40 pum,
T4 51 R P e IR W Ry 4. 7S5 FE VLSRN FEAF
W, AR IR TEH G AL R I R R . iR
AL AR (FET) R Ry T, 38 o W 4 I R 0 4
B TEH 6 H AL S IR R R BT T B
A4 R P A IR A o 65 -5 i 2 M 3 A A 1 R AR
RIX A B, S AE 50 ~ 190 Hz JE [l . B AR
AT, R R 2. 21 pm BB R TR 2,99 pm. i
TR R AR DX JR) A B O R o Al T 200 ~
351 Hz [l , A iy DY 73 22— 561 22 1l 22 0 381 i
LRI U N &3 (W o 11 2 A (R A £ = B N NI



26 P A1 R S S 4 20224
_ 901 e s 247 I
E oo | B EER 3 o
A5 - I H = o) i I
I ! »IM' wh! [ = i3 HERL ":|
A AN W € b T | RS L] UL S L |
0 78 156 234 312 390 0 78 156 234 312 390
VU 2 —E I R AR P53 22— E I R
4r 28 r 5
£ i £ T ISR AR
EX % e 3 Fiil
=l E i E :/Mﬁﬁ/ﬂ&d B4l edlillom
= ANVt . , K MY (Wl . !
0 78 156 234 312 390 0 78 156 234 312 390
B ISR BRI e
2 5507 . £ 307 sy
= b B R
& 2.75F N Y 150 N LR Y
® L L1 , & L L A ; ;
0 78 156 234 312 390 0 78 156 234 312 390
T IR R AT T BRI e
(a) BB IRIE (b) H) & 5 A iRIE
50 i = 17.0p M s -
g Wff A — |1 g R T
EZS- _____ ll-' m 85F | :’ ! : 1
= . MY AH = N EHEN T
# e A Y, oot v .
0 78 156 234 312 390 0 78 156 2?4 3 I 2, 390
V53 2 — ISR 7?/Hz LY | fﬂm&}i&h?/Hz
- g -
2 3 g VB | = 25 ;&fﬁﬁ ) (] s
= 25¢ _"_M_If?H E14f --Nr i ‘1| l;‘l il ﬁk,ﬁlmﬂu
> =2 = b L il
LS LT T ,N{Hu‘\ Mfoeadd LS LA iyt Al ll : WM _—
0 78 156 234 312 390 0 78 156 ”34 312 390
B AR He PR IR He
FARE g 1301 Al e
E 36l RS :‘ : w“L = i Tfl=
El = 3
ESK ?’r‘i%'ﬁ;’\. ---- il BeifRl B g5l R E' . ‘ iﬂ 'II | IE{E RIRTHE
LS L e o I:: i Mot 1| LS I ('!‘:'}J'LI" Mooy _—— )
0 78 156 234 31” 390 0 78 156 234 312 390
R 2 Ha i R AT 4 H
() FktERIE d) TR R RIE
7 DI 2% AR AR A U R 5 5 AR T 2k
Fig.7 Amplitude signal change of each working part during field test
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Tab.3 Amplitude and excitation frequency changes of each working part under different cutting widths
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