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Abstract

The cotton picker is the key core equipment to realize the mechanized picking of cotton, and its
development level determines the process of the whole mechanization of cotton planting. Due to the
complex structure and many vibration sources of the cotton picker, the frame is the main bearing part, and
each vibration source structure is directly or indirectly installed on the frame. The vibration signals of
different vibration sources are coupled and superimposed on the frame, resulting in severe vibration of the
frame. The severe vibration of the frame affects the handling stability of the whole machine and the
operation efficiency of the machine. Therefore, in this study, a comprehensive analysis method combining
finite element calculation simulation and test analysis was used to systematically study the vibration
problem of cotton picker. According to the vibration mechanism and response characteristics of each
vibration source of the cotton picker, the optimal layout of each vibration source on the frame is analyzed.
The prototype of the frame is verified by modal test. The main work of this thesis is as follows :

(1) The structure and vibration characteristics of the main vibration source of the cotton picker are
studied, the vibration mechanism is analyzed, and the correlation expression between the excitation
frequency and the rotational speed of the vibration source is solved. On this basis, the vibration signals of
each vibration source are obtained by vibration test, and the collected signals are analyzed in time domain
and frequency domain. The excitation characteristics of each vibration source are analyzed, which provides
theoretical and experimental support for subsequent simulation analysis.

(2) According to the overall layout of the self-propelled cotton picker and the design requirements of
the frame, the basic structure of the frame is determined and a three-dimensional model is established.
Through the simulation analysis of the frame by ANSYS software, the influence of the position of the
vibration source excitation on the vibration response of the frame is studied, and the optimal structure of
the frame is determined. The static analysis of the frame with the best structure is carried out, focusing on
the analysis of the deformation of the frame and the position where the force is large, and the structural
optimization and simulation analysis are carried out. The simulation results show that the deformation and
maximum stress of the optimized frame meet the design requirements.

(3) The modal frequency and vibration mode of the frame structure of cotton picker are studied by
ANSYS finite element simulation and modal test. From the calculated modal results and the experimental
modal analysis results, it can be concluded that the experimental modal results of the frame are basically
consistent with the finite element calculation modal results, and the modal shapes of each order are similar.
The first six natural frequencies of the frame are in the range of 130-367.5Hz, and the vibration modes are

mainly bending and torsion modes.



(4) The influence of each vibration source on the frame structure under different gear conditions was
analyzed, and 19 measuring points were arranged at the key structural positions of the frame. Through the
vibration test of the measuring point, the vibration acceleration signals of the frame in the three directions
of XYZ are obtained, and these signals are analyzed in time domain and frequency domain. The vibration
characteristics of the frame structure under different working conditions are analyzed.

Key words: Cotton picker frame; Vibration characteristics; modal analysis; layout



L et I
ADSITACT ..ot et e et e e e et e e e enaaeeeearaeeeetraeeaan II
BB LB ZBUL oot 1
L1 AT TETS T 75 Y oot 1
1.2 B PIAMIFFEIIAR oot 2
1.2.1 RESSCRAR LS £ S5 840 R AL T L P AN TR oo, 2

1.2.2 RASERARMLEE S HUEL AR IE P AMIEFEIAR oo, 5

L3 B T T 2 oottt 8
131 BFF T BR oo 8
132 BT TTPIZR oot 8
1.3.3 T 50 et 9

LA FEARBELE oot 9
15 R BE/INGE oo 11
S R E kv S R AR IO 3]0 OO 12
2.1 KPR EE ORARFT M UEENLEE A B AR oo, 12
211 BEHUGERE oo 12

2.1.2 TAEJRIE oo 13

2.2 HAER KA EHUITEEDUII T oo, 13
2.2.1 BEHLEARGERIATFEIEIIR oo 13

2.2.2 HUZRGERIIIIIIE cooevoeeeeeeeeeeeeeeee e 14

2.3 HFE AL E BRBIEBIE T oo, 15
2.3.1 FFEEIHURIE LT IIHT oo 16

232 AEAKMI TR BT oo 17

2.4 KRB LIRTE I oot 18
2.4.1 PRIFIRBIIRIE LT oot 18

2.4.2 RENHUBIIEETEZIHT oo 19

2.4.3 R E 0T oo 24

2.4.4 KA SBEIEFTE I3 HT oo 27

2.4.5 FTAL R GEBUINEETE 3T oo 31

2.4.6 T FH O T T R 20 T oot 32



25 R B N ettt r e 32

FIE HERITERMINIZEE 1T GBS DT e 34
3.1 RHEHIHLEEBE I I EENT G B oo, 34
300 ABRTCEAE G FTALEE oo 34
3.1.2 BEBHBEIEHIIAIIE oot 34
3.1.3 HLZEEERIIRFE LI AT oo 35
30,4 FHEINERIT NI TEZEE oo 35

3.2 HERFREHIREEETE T oo 37
321 BRI T ZE oo 37
3.2.2 ARIEEE TR IIHT oo 38
32,3 T 2 T et 39
33 B TTZEIRAL oo 41
3.3.1 T I R B T2 T o, 42
3.3.2 ARERES I TTI oo 42
3.3.3 TEIL R I AT oo 43
3.3.4 BRI AT oo 43

3 LR S T e 44
341 HLZEBEZS IIHT TTV% oo 44
3.4.2 HUEELTHRAEBEIURTAL oo 45
3.4.3 HLAEBEAS BRI IIHIT oo 45
3.5 HLAEBEZSTRIG oo 46
3.5.0 HUEEIRIAE LS DT TTV25 oo 46
3.5.2 R RG G IRIEIITFE oo 47
3.5.3 ERAIHLZEIREGAELZE TTV2% oo 49
3.5.4 FHEHZR AT B BRI G oo, 51
3.5.5 ARG HTEE RS IRIALAS G RIT L oo 52
3.6 ARTEIINGE oo 52
F AT FETREHUHLZEIRFIRIE oo 53
A1 HUZEI T IITE ettt 53
4.2 HUZBHRFIFIB I <o, 54
4.3 HUZEIRBNETIBIIHT coeoeeeeeeeeeeeeeeee e 57
B ZRFEIINGE oot 63
B S FEIR GBI oo 64
5.1 G5 o 64



BEZETURIR vttt 66
BT 1 ettt 71
B 3T 2 ettt 73
BT ettt 76
EE 1T 1 OO OO 77



B1E %ig AAFRFMEFILT

F1E 4P

1.1 REMIREES5ENX

MfErE TR E B RV A EEHAL, 20T ETHRAE R E B ™5, R 2 A
i Tk ) =B ERE, Pl k2 ATk, Bar, JEAGE R 3B
ArEE, R EE I RRACTE R AR AR AR AR A B LE T LA 3
FAEE T E, hENAEE”, 82 2023 6, e MmN 2369.3 X 10° hm®,
4 E AR T FR I 85%. HRAEr & 511.2 A, (HEEME R 781 91%, 1%
W R, FRTEAE = AR A LA AR AE A P2 R Rt 2 B, TR A T LR
R AR RRAE A =B I ) G B 2548, (A A 2 SEI R R ). R AE A0
I FEATUMCR AR B AR T IR 5 K5 78 1 2807 I Je ),

SKABHURNBIENUIRAG ISR I BEAZ O3 45 o 160 OR MR ML BB KA IR A6 B4 T L K
TRSEPUR AL — Rk, TEHE KA RCR IR [ R A e 1 98 HRR SR S 1 1) R, [ 77 3
MR EAS T 05 B 32008 R A= rEe Ty, ORI & T B = RARHLIN 3% 4 R
TRAS S5 7= i JER AR AL B AR AR R 2 ) 88 00,

A

Horb, FURHL BRREAA

B 1-1 [ = RARAL
Fig.1-1 Domestic cotton picker

KARHL LA, HLEESZ BK B RSN Ab e R FR A F B 2L AR T 1l i . X
SEPI A AR & S B IR SR, W ENUZRSPIR ORI R 2% .
Tl SRR A AR AL T LR A A Y A I, LR 2 AR, S ECRIRILE
U AEBERIIRS) . PRS00, 80% A LS IR A& HR 55 450 R SRS U0, £ e (R Bl 3T
TR E TAFITEOL T, FFasm IR sl & T AR o7 008, BRI T AR
HE, AR I d, AU ARG 2 PEAN BN LI eI A M 12, KA
FIALZR T 2 E I 1-2 s



B1E %ig AAFRFMEFILT

Y ien
Bl 1-2 HL2RHT 2
Fig.1-2 Frame fracture

HI T RARHLEE A B ok HARIRAL S, HUSRAE RS, SRS M B ka4 2
FENLZE EIST, BLZRIEREIL 25 Hse R LR e P . H AT Y G RARBLILZR (7 FEAR
XD, PEASHE TR 7 k86 20 A BR T TS 0T I ER & 0%, AR LGRS 2
RSk RBIHL. WL AR5 2R G RIR R Sh B 4 WL AR A & S AT T R 4
o, WEFUHLZRAE Z I8P B AT VR R IRS LB A N, PRER AL A A RIR RN
Rk, BE— 2B AR . AT AR IRS), s L gi & PE R A L
PEr SNk . R IESEIL 1 E P RARHL B LR ae 1 m, =0t 7 R A AR %
T fE

1.2 EAIMARINIR

1.2.1 RBEUMGR R B0 T BB E RSN IR

WU R AT & BB IR B L A B RO A EAE ST A, DASKELRE AR S5
#. BORK. ROEBAT, I 2SI REFR AR 2RI,

1998 4, FZARAMPRAE IS 9976 RERARHLIN A SR A1 A BLAE AL b, (AL 7 #L
e JEHR R 2 R o AEBETE S DURHRII S IR TR AN v A AT BN RS AR, R
KR R 25, DLOGE AL E B IOAHL a8 i Ae e 1k

2002 5, ARENSIZE NN TR ARAT BENAT /AN RS FEH LI AR B BT Rk 1) L
X B WA J 7 3 CELER 3 AT R AR Ja S8 AT R AT 1 45 a i o ISR T “ i
VUG =" BN R o S INK 1 AL AT e B 1 TR FEAN A 4 1 F PP AR N 1 R
ARG T AR ARAT RS IR, R s 1N RS RN LA ML R T RS e 1

2007 4, G ESRUIFERT ANAT SR EA B, RN R BT E RIS OL T, I R0
F 50 N BEISRALIIZ 3 2 . s 32T 17 0 Ay BEge. I B H AT



B1E %ig AAFRFMEFILT
TR, SARKEO A E A E ESHOET TINEMT R, R RER AR,
MTERAIE T 4546 (5 B R0 A I

2012 5, U EBUIRIEBYANG /BT ESR, KA A0 B E 1 H R
b RINZIEA En e SN IE A NI BN D )VA = ZANYSEE B 7 s ek = &Y i o i A W A
SEAREHURLE, TIEFRSIEE b R ) 2 mm 8/ 2 0.8 mm.

2016 4, W77 2200 2005 AN T 4R H R GRAL TR R, kA R R 1A B
BIATER M. S BB R, ES ASRIR AT BT O T A AR
PERISENR . WFFERDL, RAIDDE & 1 S8 2228 05 3 e ahfLh BN R Gehi 0 A R
AR 5L TIE N RIE . S S T B A IRSIMEEE 2 mm (%2 0.8 mm, BlEE 1
JIERIENSTERE -

2016 4, ZEnlPIRLE E T RBCRHUIT O 5, 08 B 7E N EORBGRILIK %
WU RGN A% 35 20 s, B He R B A BT 24, R AR U3t b ar BE Tk
WOERBILIK BN LB Fy A R o AT T B AE TR SRR 2 AR S5 ¥ A J= 0 A, IR A R
[ (R AT FE R AR A T B TR WCR LR B LS M A R B Y, e Al B3R
AT JE AR TR (R SR g B0 o

v\ A \ .
Vi % A2 At Wl L L1

LEIG 2THz4 3.8 408 SIEHNL 6.3 AL 7ARF

K 1-3 B ORISR A i 1A
Fig.1-3 Self-propelled corn harvester
2018 4F, WHFRAEPILL S BN FoxT %, BT H A MATERE S5, W5
PLas T TRkt . BART JIMRsl Oy R Sh I L0 A7 B I AL bertE, BFFE 13K
FII. PREVANE DAL E Z BRI &R, IF LA O U S LT A R AL o
2019 4, 5k B RPHEEH I K EBERYLEBIE A E T € 7RI =
FENATRTZ: 7% CRSIPLETE, MAERE) « TR CRaWUHE, mAamE
MTER= CREWEE, MAETE) - A H ADAMS Al Workbench X Hi3EAT 7 H 7

3



213 i BAFAEMEST
B, 3T R AR BN =TT &

2021 4, MIREPASE N @ RIS L TR EL . R SRR S S R 1) 2 e fr
BB RGN REN s A . IR A AR 3 AR F H RE WG R AL ] 25 il ) R
W PR 2 0 S S R P /MR O DR SR e i B, WUR L 3 B, KAWL 2R E .
g B RmL, w22 34m /A ARSI S n R SR (A 40.8%, [FIN£E& 1) %15
P EER BIFK T 16.9%.
A R

- ol

(a)  VRH ML 2 e o (b)  WARANLZ RN E

B 1-4 WURMEL, BARBAL, YRR 2R E
Fig.1-4 Installing position of hydraulic cylinder, actuating engine and logistics frame

2022 5, WE AT LA 2L X R RGN IR A AT R BEAT R TT, IR b T AU
ENJRAAN Ry TR AR R AAN Rl T 75 i A Y R AT JR) DA e B LR T £33 A7 SR O o
AR IR SR A A SR 5 R R

2022 5, JAHLECOSE N B A RR SR HLAE I R B s T A, e 17— o 3K
FAERIGINL, Xt TARRAEREAT WA R, X SehAf . U IhAR T 3 FiA =05 2K
(a) WUEMAARTE . SCMAEEE U84+ (b) MUEMAERE. SR E U5h)
() WHMAR/ &M AT IR B . PR 3 FiAn = Xk e DB AR PR b A, BT ART AT L. S8
H6 JE BN F A RROGRAL AR [ B AR R B K, AR & B

2022 £, FEIRPEH A E A ROKHZEFWCRPLAI S5 J5 %, PU A2 2255 HLIR
WWGERIIARZER . 2T R LR T =B85, SO A E . bz
WOERATLAL N B BEHL A B, F R RO B A =

1998 4, Jang, Cheon-Soo 58§ ] CAE #AFXTREIREZ: GRAJREL R FHESL) 3t
TR, THEDRAS RN IR BT, R ADAMS  BEAT SIS #A 20 A DL HLA BEAT
A PRTC AT o I A 1 56 I 15 10 7 28 oty 2L B o R AT s Ak e A i Ak, ARAe )
HEEE T 30%, FIFEEM 19 MR E] 9 A

2011 4F, LiuJ ZFPHET Pro/E Bk, M8 T 2500HP R4 3 ZE20MIRI 200 =
YRR SRAFANMEAL TS, W€ TR ZRNAG R, It T 23R 4228 2 [a)E R
WIBCEAALE, e REY, G QNE AR SR BRI DL T, TR
B 5l S A PR R B RE



B1E %ip BAFAEREREART

2016 4F, Wei Yu fl Ning SunBORRYE £ H RAFIIEEAR, R 4R
P A R TS T RS WA RIDIRE T RE RIS AT Mo, PSR &
8 ZE AR AT B R B

2019 4, Zudova Lada S5EBUHRH T —F MR G & T —H720 Sitafi Rk,
e SN SR AR E IO R S), RO E, Wit R G4/ ER . KA
TRA ST R B S K P AR N R G 10 65%~T73%. IR R LR &M, 5445
iR R L B EE A

2021 4, Deyi Zhou ZEB2HSE | —HEVU4IKEN (4WD) F KR HINLAT EH B3 RS
AR, FERTCRIBLER S5 B DO PR AT T 07 5400 o 8 0 DU 6 3R 3 F R IEIAL
ISR Ay WO ], T B2 ek D SR BN FEFT VR IR RV I 1], RO R i R K USCEIATL I (]
&AM

2022 4F, Pengfei Wang %5311 Zhengtao Yang S5 B41% B AU EINL AT AL B RELL
B, SR EHURIBGE RS A A T7, itk T 23S 7 . P nisas i Tl T4 R oo
ST, PR T T BRAT R A BT RSCGE B 1) B IR . B, adid A/
FWOGRIALE, J0UF T BN SUE 1 ERTE.

gE LRTR, WM 5358 4 AR o7 BT B L e A O B A KR
DA I AR ORI BN BEVPAl . IKBIBN 10 BL s G5 S HCER IS 7 TH A VF 2 1K
Bo AR WORH U R IR 22 25 o7 BT AR 5 000 AR AR AR DG e b o DR AR SO
KRBHINUEE S S IRIF AT ) 7 FAE, HW R S E A NIR AT i 1 7, DUR
WS IRV 580 Z B0 T & AT, SO SRR HLAE 2 U RN~ B3Rz S B A B 28 .

1.2.2 RBMGR R = BHLREM UL E R IMARINR

PRENFE B R R TARKIUER, Rfomiie s 4. Rgisr i EZ R A, @it
PRI, FT LA HEA TR [ o A ATUBRR SRR T FE AR P g, — 2
ARSI TR . HAT, XSRS E 28 ANSYS B i,
PSR I A R HE R T, DU U IR BSIR BT IR R, By 3R . fea
XA JE BN AT RS0, B T L 2K

2015 4, JARRESIS TR WCR B AL 42 22 ¥ 45 44 5 EE AR 55 75 i Je T 1 IR AW
W = AR AT ISR HAT A, IR AT RS AT LA € S S AL L, 7
12 M AR NS B X R SRR AR EAT T U Tt AR AT AL 5T T
VEZORIMIATSR &, 28R 7 24%.

2016 4, T TS R A IR SR ILBCRHL LR A58 R, 32 P/ROE
A SIHUE M = 4R, 35 A\ F] ANSYS Workbench #1347 FRIGE: J12: 04T, 15




B1E %ip BAFAEREREART
FZEMTTE . N K s AR MU ISR IZE T R R it . ik s,
MU 298D T 20%.

2016 5, ZX4PIBTEESN 1IN XN E B RS CAE I AR TR B4R, AR
ATEEPE. BRI S I E = 4. FIF Solidworks FA4% & FHISGRHLALZL AT 2
oAb, ZaERTON M ANSYS workbench $EECH HLZE BT 10 By [ 4 4 < A0
BASRA . @ B R AT AL, AT BRI R A AR, B ik . w50 aT
PUA/NX B FSGRIIALAR 5 04 (1 s SRR 5%

2018 4F, ZEHRBRCSISE B S R A %A 2R WOGRLE TAEVERE, L THLAEA IR
R IR AT ER 122 W RIS A, I AT R, R design—expert Gih2=4x it
AT M AR T SRR S M R EE KR AR S HU & 8RR, kit )s
BT & FEAIC 11.17%, 30 Hz I 5 KASTE 2980/ 79.848%, B RMGE 1 HLAE AR BN REIE o

2019 4F, S HRNREER /AN BRIV AR R R R BRTERE R BRI A DY
PR S, DI/NRUSCEINUR BN LSRR TN 5, UG BRI, T Hr A
A, PARILIIRE ISR, MRS, RIPRR MM, @R b s sk
ISIGHT, WAL TR ENE T, MV EE N 22.9%, ARV AR EL R4t
FRIR AR A AR S

2021 4F, RIREUILIKFEERA W EINUR LI E T T R, ERUENLAE BRI
SRPE . WIFERBIAS R N, a8 i F R oA b A S ik A A SR et AT BE A 1)
BEAIEE, DU ENLEER sR AW B 3G I WA, I BB 2R H AN )4y At
CENIIBSL: TN

2023 4F, EAMIERE T ZAEWEIG, BN O AT R S5 0, T
B GPYE . BRI SOEFT YA I B AR S5 TR T #] G IR0 A H YRR .
59 R B 7E R BIHACEL & (1800 r/min) I F & R 2h AR BINLILHR v 3 5 % (2600 r/min)
I DARIESZ I S 32, Hrp ) EI8s MAE H a3 2 F ERUE.

2023 4, A KBS T Ak — I P IR ENGRIL B ) SRR« S
— RS PR . R IR AR AL 52 77 KN AT FE IR B RE R sL I R K
Fff 8 7 IR i AT AR A 23 o) SRS IR 0 ok e . AN R B R A I s . (1) 3K
P 5 AL PR B B AR B I oK. (20 IRBh RS A ERL ISR — 4
35 P 25K 6 o A R AT %) 18 0 7 k1

2023 4F, iR FLCIR IR BB AT J7i, 6 S B ATLAE AF Mk T 00 R 25 BUhJa
(R 1 L B R ) S A BRSNS M EAT 1 0o FEXTBI G REAT T H 150 S
IRTA IR B i N TR EI G451, 347 T IUR R UK PREs, FHoar 13
B MRS G B — I [ A SR . IR R R R 4T T HLAE
FREERIRRSHA S, (50505 E SRR B B R .

6



