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Design and Test of Vibration Isolation System for Microtiller Handles
Based on Quasi-zero Stiffness
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South China Agricultural University, Guangzhou 510642, China
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Abstract; Aiming to address the health risks posed by excessive low-frequency vibrations during electric
micro-tillers’ operation in hilly regions in South China, a design methodology for a parallel nonlinear
vibration isolation system was proposed based on the quasi-zero stiffness principle. Firstly, the system
achieved high static stiffness and low dynamic stiffness through parallel coupling of a negative stiffness
mechanism with linear springs. Key design parameters, including the initial deflection ¢,, initial tilt
angle § (0° ~26.6°) , and stiffness ratio A of the negative stiffness structure were established. Secondly,
a static model of the isolation system was established to analyze its high-static-low-dynamic stiffness
characteristics. Finally, vibration test bench experiments validated the system performance. To design
and verify the isolation structure’s performance, the vibration characteristics of a micro-tiller were tested
in the field. Results indicated that during high-speed operation, vibration intensity and amplitude
progressively increased from the cutter bar through the chassis connection point to the handlebar, with
vibration intensities in the X, Y, and Z directions increasing from 4. 14 m/s*, 4.95 m/s’, and 5.56 m/s’ to
6.14 m/s*, 7.16 m/s*, and 8.48 m/s’, respectively. The Z-direction vibration intensity at the
handlebar was the highest under all operating conditions. Static tests revealed a maximum force deviation
of 2.349 N during loading/unloading paths, accounting for 14. 68% of the theoretical value. Vibration
test results demonstrated an 82% reduction in transmission rate for the quasi-zero stiffness isolation system

within the tested excitation range of 1.5 Hz to 12 Hz. The handle vibration isolation system designed
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exhibited outstanding low-frequency isolation performance, providing technical support for vibration

reduction design and ergonomic optimization in electric agricultural machinery.

Key words: microtiller; vibration characteristics; quasi-zero stiffness; vibration intensity ; low-frequency

vibration isolation; transmission rate

0 3]

FEER AR S E S mARA2/3,
TE M PR A5 R R AR A X ) 29, e B SR AR kAR
/N A LA o Fr B b X H Bl Sk HILAE b 34 85 2
Ze M B R st BOREBIL D AR 7 AR A AR 5 4R B
WP TR E AR KR 5 51 K A1 0%
25 P A 1) A PRt e A R R % e R B 2
BRI AT ML A5 B T

WK 52 [ 5 AE A MLI IR $2 AR 40 35k il 21 B 3, Wang
i U TR 2SR R TR A R 4 R I 38 i ) L
I LM, A e B PR Fh & B R A
Villibor 2 374k 4 1 46 437 HIL 75 AL Hy F1AE b 45 . o
AN ) i 2 3 B8 5 0 3K Bl A5 F T B S S RD T AiR 3K
S, AR B K S T, Jin 55RO RUZ B
PR RGBT 6, 12 56 2 B HG 2000 1 &R Zo W B2 A
GG IR . Busse 258 ST — FIQUIE & A bR
IR % IT R 22 e FHIPIAL , MR AE XY . Z J5 1)
FARBNRE R T 42% 29% 50% . Xu 2B
— P A Lt W AR PR IR A L B T HEZ NI QZS i
i it 56 % B LA 00 1 g 2 2 0L A o 2 M T
BASE, Sun &V EN IS SIS 0 25 IR
Ry PR AR AR, DU AR 20k W R 5 BEJE 4 LA SI2 31 XL
WEARR T bR, LRI I Sk BRIk &R S
BT KGR Ul 4R 45 0 FH 55 7 38, O R AR MLRR o
FFIHE A ot £ B8 S A, (0 LR A AR A ey X 3R
52 5% bl MO 38 AT B AN

VLA, [ N 2 35 BT X A HLR 3l 4 i e T R 51
WFoE, IR IS B VR, B A Sy AR K 4%
AN 55 0 A AR A 0T B i PR BE S 15 T B o
W2 A 285 K, ) 9 o 2 ST 4 BESR P N B
i BHJE ) BR A7 B i 25 e A5 Y, /)N Bk BRI s i IR 42
G B A 28 iy B A G 6 A A R S T 5
Fa A0 AR {68 915 30 3 B8 PR AL 24. 5% , P F A4 i
BT R G A S A B R AR 40 AT A5 s N B e X
LR G Ra E TE RO S LA . X5 3 Y RS
R IR 3 AG% R A2 R b S 5 ) AR SR R A A
BHE T RIR 5w & ik s 1% 8 G Bk A2, b
B AR Bh W L A W A 30% 5 X A2 T R L o
Z W A PR R 3R 40, a3 i ) SRR S M 2D B
RGO E AW NI SECR . LRt

il

FEAR TR ML R $2 44 PR 00 S (B7E U 25 1F T
4 IR 0 5 1R D7 T TS AT 5 TR A

BT ORE AL A B B 3 DX Al s, AR 33 R 3 51 &
FR A T AU B [0 8T, 33 T — b 56 T v 2 W 2 Y
R MERR IR RS .

1 EZENERERRFRITEHAFESH

L1 IRFEERIRERIH
111 4R3hHeME

L T80, OBk AL Y ik 20 iRl = 2205 B
T4 A R EAE S A M OB AL
s Fe M, A R T PCB 356 A17 Y = #fy fin 3 Ji5 1%
JE7E T R LMS SCADAS XS $UR 4 B, JF & 1 [a] /E

32 R T = Al o o B A SR ACE A DRI I ARG
JE B — B A % 1 0 8 — , AR SR T BLIR 2 ¢
—H R RESIREI -7 Rt %2, BEE
WIS AR T4 R 8 5 3R T4 4k ) 4R b
I 4 L AR AR Sl D0 T A A =l R A SR
1 R G Rl W N N R R VAR 5 b v R
ZOL RT3 4 0 i m IR BN (F B . AR R R R
J AR T B Sl IR Y K B S R A AR 5 LMS
SCADAS XS $UR A B 7% 32 , 78 LMS TestLab 2 %5
SENALIRER XY Z = LA R R AR, i
FAES R R AL A 2 048 Hz SRAESA] 20 s\ R GE
WONIT o RIS S5, e T ) 4 Fh
BBV 05 = ) i =0 O =W S TR N | A 11O %
SR AR AL 25 248 P s Ry R AR 18 R
FH B8] 7 b B o

BRSO ATAR & TO0T 09I PR B iR
FE2 S, XL 4 B T80 AT A, B R AR T
(T V) BESFAERTHCD ), FELERT
MR TR V)& TR TACT ). LA
Fotr A6, TV T Z %5 1w 3z sh in 85 205 4R
fHik 8. 48 m/s*, & Tl TOLF X Y 6.17 m/s’
MY B 7.42 m/s", TH MK 7.34 m/s*, Jg T4
I 1 686% ; T IV 8.48 m/s*, W T I 1y
527% ;25 #OWE, X o B O RE N TR T Y
0.97 m/s* #ETH M 1.47 m/s”, 841§ 51.5% ; H
EIVEMb Bt , X o B 49 05 MBI T TG 5. 81 m/s”
WMETHIVE6.17 m/s™  WiE{L 6.2% ,



%194

B A R TN B RO DL T R IR R BT 5 151

i b OPEOLIR S RE B 0T e B TR - IR RS
IRF RSN — Fo A7 IR F7 AR 22 S R AR A
HAZHOR BN AE £e 4k T4 THLIV T ey 3%, B
Ik R G 0Bt 5 g 4R AL ) DA AR 4l

F1 FREIRT BRI I0E E B 7R

Tab.1 RMS values of target measurement points

under different operating conditions m/s”
TH
I A 5 [#]
I 1l I} v
X 0. 65 1.08 3.75 4. 14
TiE Bk 141 Y 1.49 2.01 4.24 4.95
A 2.13 2.73 4.81 5.56
. X 0.61 1.21 5.08 5.64
)Eﬁjﬁli&q: Y 0.59 1.33 6.41 7.27
R A 0. 64 1.34 6.91 8.03
X 0.97 1.47 5.81 6.17
T Y 1.36 1.82 6.88 7.42
A 1. 07 1. 61 7.34 8.48
X 0.87 1.33 5.85 6. 14
HF Y 1.28 1.87 6.93 7.16
A 0.99 1.58 7.34 8.28
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Fig.1 Schematics of quasi-zero stiffness compression

process
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Fig.2 Force-displacement curves for a linear system and a

negative-stiffness structure

AN 3 Fras o ARG DI R 5 R A2 A i
S ER 0 28, FE v B W R A6 A 0 A B AT LR
B SCBRE B B KO EFT

1 2 3 4 6

B3 R R R
Fig.3 Model of quasi-zero stiffness vibration isolation system
LOBRAT 2 BRPCERE 3. RMESRER 4. RS S BYA
6. 535 [H] 7 AT
PRIRCHE G X Bk Al T P B w2 38 &
323 eI, BRI 5% 18 1 2 i 1 R, e P B A3 %
B s 2 R SR K P BN R R R
SO B B 5 R R AT O BRI R B A,
Hi SLA = 7500 S8 i 3D 3T BN 5, 3% 44 KL A
SEJE N 32 MPa SRPERLE 2.1 GPa, Hi, SCLTIHS
22 mm W LA T 5 OB BIL 76 4k T 3 e 4 3¢, OF S
fitit 4 A RSF 24 40 mm x 58 15 mm (94 32 4%
B, 3B TR G E 4.2 em 30 5 O 90T T 45 44
<98 JE 140,60 .5 mm, H EIFEPIAS 7 mm G5 A
BT 2 R 5 59 [ 7 AT HUA% O MS x 30 mm
BCRERT 45 S AL T8, HAR 1 mm K
JE 45 mm , Ji 58 B 355 MPa, FF 4R 3 55 309 5 2%
R K B B v BRI 0. 1 mm ] BREC4



152 & Ak Bl OB % R 2026 4F
DR B Sy A W BE AZ L A AR, R TPU — 88A #4 PRL A 0, LT L v = cos® = a/L, K

KESLS T2 il , % A4 LB FC AT B 88 HA 7 {1 5 Jif
28 MPa, ¥ /& [ & AR JE i FH 5 oK o WRhL B4 T o i
K18 mm WIETTIE , 5 i B Al 2 & 60° 3 £, P i T
B WC BT B JE HE AL .

LR ME T B 304 R B AR N T B, SR PR A
193 GPa, Jit IR 5 £ 205 MPa, H £ 5 it 65 ol 1

WA I 235 4 2 26 T R WL 20— A R T4k, B Ak
TR E R AR TR i DX B IR 45 4 ) 2 A AL
S5 FEBRRTILE, @t HEE R e L
ke, LB E S O AR E R SRR RS, T
T AN BB S5 4 AR T B
1.3 AFRERKRREENFEST
13,1 NI EEALR i #0022 50 B

4 T () 44 B2 25 4 b 1 il ) 28 A7 RS 48
far ik B A AT AR & AW, P, = EI(w/L)” R
F2 30 50 22 BLRRPL I S AR AT L BT R R P W EE L
Sk R R R KR AN R R R R N w =
qo » I3 FF R 45 AL R Y Bl Oy ) AR O R 3 LR Gk
W)

perfioa(%) % (%) ]}

5 () %] (1

A P R SR I 1) Bl 1) 7, N

SEA) Bl 17) e 6 1, m
BRH7 2 ) 400 B A8 1) B¢ JEE , m

4 JR4RECHL S
Fig.4 Compression Euler beams
5 JIT 718 B I 28 G0 R FH 9 AR []) BRCHE 2 X A 1t
AR AR e B S R B AR T 0

A o B4 1] RE T AR A T R A ol S M R LA
PR

Bl 5t B IR A R 2 4

Fig.5 Negative stiffness low frequency vibration

isolation system
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Tab.2 Test results of compression and unloading

for Group 1
Jn# A2 # / mm J1/N HI# AL F/mm J1/N
4 8. 879 4 7.025
6 13.766 6 10. 875
8 15.538 8 11.761
10 17.216 10 12. 652
12 17. 601 12 13. 112
14 18.216 14 13.518
16 21.554 16 19. 244
18 26.112 18 26. 112
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Tab.3 Test results of compression and unloading

for Group 2
#4788/ mm Ji/N 4 A2 5% /mm J1/N
3 6.421 3 5.012
6 13.766 6 10. 875
9 16. 083 9 12. 241
12 17. 601 12 13. 112
15 18. 621 15 14. 869
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