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Analysis of Vibration Transmission Path and Contribution of
High-clearance Sprayer Boom under Field Operation Excitation

LIU Xinyue' WEN Haojun'® TAN Mingchong' CHU Jianjun'
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China
2. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Shihezi 832000, China)

Abstract: Aiming to address the issue of spray boom vibration seriously affecting operation quality in
complex field environments, the vibration transmission characteristics of the “excitation source — frame —
spray boom” structural chain was investigated. Using a 3WPZ — 1800G high-clearance sprayer as the
research object, a method combining experimental testing and operational transfer path analysis ( OTPA)
was employed. Vibration response data were acquired by conducting three types of tests: static engine
excitation, unilateral impulse response, and field driving excitation. Triaxial accelerometers were
arranged at eight key measurement points to capture data under varying liquid loads (0 L, 600 L, 1200 L,
1800 L), engine speeds (800 r/min, 1 200 r/min, 1 600 r/min), and driving speeds (6 km/h,
8 km/h, 10 km/h). The results indicated that under static load conditions, engine excitation had a
limited impact on the spray boom, with high-frequency components ( greater than 40 Hz) decaying rapidly
along the transmission path. Under unilateral impulse excitation, the spray boom end exhibited a typical
“whiplash effect”, with a peak acceleration of 40.18 m/s*, which was 8.6 times that of the frame

measurement point; the first-order bending mode frequency of the boom was approximately 1.97 Hz.
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Under field driving conditions, the acceleration RMS value at the left end of the spray boom was increased

by 310% compared with flat roads, and the dominant vibration frequency was decreased from 12. 20 Hz to

2. 13 Hz. The coupling between low-frequency road excitation and the low-order mode of the spray boom

was identified as the root cause of vibration deterioration. OTPA analysis revealed that under typical field

conditions (1200 L load, 8 km/h driving speed) , road excitation contributed 50. 88% , liquid sloshing

28.53% , and engine excitation 20. 59% . The coupling index ( CI) in the main liquid sloshing frequency

band (0.5 ~5 Hz) reached 0. 462, indicating a significant synergistic amplification effect between road

excitation and liquid sloshing. Based on the analysis of multi-source contributions, an active-passive

synergistic control strategy featuring “passive optimization for resonance suppression and active control for

low-frequency tracking” was proposed. The research results can provide a theoretical basis for the

suspension optimization and vibration control of high-clearance sprayers.

Key words: high-clearance sprayer; spray boom vibration; OTPA; multi-source coupling; spectrum

analysis; excitation contribution
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Tab.2 Average acceleration RMS values of spray boom
end and whole machine Z-direction under different
static load conditions
WP ARG R Z Iy
Y mE e sy S LE

Wt/ L3

L (remin~") ViR % ¥ i/ L (E
(m-s™?) (m-s™?)

800 0. 450 0.935 0.48

0 1200 0.241 1.133 0.21
1600 1. 860 1.382 1.35

800 0.902 1.120 0.81

600 1200 0. 360 1.238 0.29
1 600 2.297 1.475 1.56

800 0. 457 1. 068 0.43

1200 1200 0.207 1.361 0.15
1600 1.398 1.492 0. 94

800 0. 652 1. 062 0.61

1800 1200 0.274 1.179 0.23
1600 1.433 0.935 1.53
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Fig.3 Heat map of maximum vibration acceleration RMS
values of whole machine Z-direction under different

operating conditions

(2) # R 5

24 i N IR BI)A% 3 1 5 T 2R B B S 1 R Lt
FROEFNO B 22 5. Wi 4 s, 76 B A 1R ) 76 ok
1200 r/min T, & ZhHLZ 28 5 25850 55 (P1 P4 [ P5)
Xof 43 2 78 Ak B A BURR PO FE 2k 2 i 1200 L AR
SN BE Y AR A 7. 430 m/s”, B TS B S5
# ;P4 25 it 0. 829 m/s” B FE # 25 & 1 200 L A
[ 2. 493 m/s”, #iFE ik 200. 7% , %25 & F
R SRS IR 3h & A W E RS .

FHECZ T WA 2R s I 8 7 12 e 1T % 4 24 it
A AL FE I TR R S R R R Bl
FAR EFAAE 0.20 ~0.44 m/s” X [f] , HAH X A5 4k
W2 TA% AR 45 5% 385 5L 2 0. 15 m/s” 3 6 1 2%
iR ks iR IR SRR E AR S B R R )5
E I

(3) & Bh ML 1 52 el

RN B E T B OB 3 (B 5 4



=
RS

i 2026 4

60 gl AL

8_

o T EmOL

® [ 600 L.

£ 65 [ 1200 L

2 5 I 1800 L

R

T4

A

3

==

R

52

LS
0

Pl P2 P3 P4 P5 P6 P7 P8
IS A=R
(a) #%5#1200 r/min

-
1

HEOL

[ 600 L
[ 1200 L
I 1800 L

W (=)}
T T

N

PRI JE TR (- 72

—

(=

P3 P4 P5

M AALE
(b) %% 341600 r/min
4 ORIR) R R & IR 3h s B X O iR A

Fig.4 RMS distribution of vibration acceleration at various

P6  P7 P8

measurement points under different liquid loads

37 A5 I AR B o 7 i A sk 7 A S BRI L9 A
DAY HE 1200 L2 9 (6 3) , A [7] 4% 3 fif A 0] e sk
F o IO A A A 2 52 s ) RS 2 AR I R (P
P4)7E 1200 v/min B 3 B AR, B o L 4R
RFAE 5 17 8 AT A 3 00 s ( P7 P8) ) e K Wiy L 4 B A
1600 r/min T, 4% %l ik 1.353 . 1.442 m/s*, £ I
TR AR

R3 XRENVNREFRREETHMEEHTRITLER

Tab.3 Comparison results of acceleration RMS of key

measurement points at different speeds
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P8 0. 405 0.234 1. 442 0.16
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Tab.4 Average acceleration RMS values of spray boom

end and whole machine Z-direction under different

unilateral impulse conditions
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Tab.5 Characteristics of unilateral impulse response
Jon s B W/ i BE X O AR/ AXF P3
IR U {1 PRI B
(m-s™?) (m-s™?) R AT B
pP1 22.70 9. 04 2.51 4.86
P2 8.71 2.35 3.70 1.87
P3 4.67 1.20 3.88 1.00
P4 7.86 2.73 2.88 1. 68
P5 6.93 2.16 3.21 1.48
P6 4.37 0.77 5.68 0.94
P7 23.97 5.26 4.56 5.13
P8 40. 18 9.65 4.17 8. 60
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Fig. 6  Effects of different liquid loads on impulse
response (at 8 km/h)
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Tab.6 Comparison results of vibration responses

on flat road and field road

o VRSN EEYY 0 R Y SR/ %
i/ (mes™) i/ (mes™?)
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Tab.7 Comparison of frequency-domain

characteristics under different excitation conditions
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Tab.8 Normalized contribution of excitation

sources in different frequency bands %
i B S gl T B
e T B (1 ~ 20 Hz) 20. 59 50. 88 28.53
WK S B EL (0.5 ~5 Hz) 17. 45 53.46 29.09
B (20 ~ 50 Hz) 27.83 35.81 36. 36
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Tab.9 Normalized contribution of excitation sources

under different operating conditions ( road excitation

band 1 ~20 Hz) %
— —
fkqf’fg; ﬁfﬁ‘/ BRI B 2
0 16.03 49.93 34.05
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6 1200 10. 02 50.29 39. 69
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Tab.10 Transfer function amplitude at characteristic
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