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Structure block diagram of vibration and speed signal collecting system

A:HH Grassland; B:JE#H Mud road; C:15.1°% J&

WA 1% 15.1° slope of dinas road.
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Fig.2 The simulated road position of the orchard

1.5 5 K %35 AL Signal collecting computer; 2. 7% X Fifth
wheel instrument; 3.3E 3% & 45 B The situation of the vibra-

tion sensor; 4.3 & i /8 %% Speed monitor.
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Fig.3 Plan of the transport test
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Table 1 The statistics of average speed in
different road positions and load km/h
%L [ ST AN B E 2 E VAN (17 E 2
Hfi/kg .
Road Load High speed  Medium Low speed
.0
conditions @ gear speed gear gear
50 3.90 2.23 1.23
e B 100 3.60 2.33 1.27
Mud road 150 / 2.27 1.13
200 2.00 1.20
50 5.00 2.63 1.43
it 100 4.56 2.46 1.40
Grassland 150 1.36 2.40 1.33
200 4.23 2.36 1.30
50 2.33 1.13
15. 13 B 4 /
yea 100 2.00 1.13
15.1° slope of 150 2.00 L13
dinas road 200 1.93 1.16
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A RGP B Program block diagram of collection; B: 43 #7 )5 F2)¥ Bl Program block diagram of analysis; C.: i 75 -1 Show
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ment signal display.

G55 MRS RS 5 /R Vibration acceleration signal and vibration displace-

B4 FSEMSMEFIER

Fig.4 The program block diagram of signal read and analysis
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1 %A Table 3 Test result on grassland of transporter
| — :
o . HEE v/ - MRS f/H
NI 923448 R oE R ](‘k*/z) Bl kg ng”T il ft ‘
N m, isplacemen
o RLEEER Test number Velocit Load . I;f
N eloct signa requenc
o f A y gnal frequency
l 1 4.40 50 3.5
N 2 4.40 100 4.5
NI9174 REHLF s " ) 5 s
- .40 00 .
o 55 b °
L 4 2.35 50 2.0
- 5 2.35 100 3.0
L ) )
o {ZE b3 6 2.35 200 3.5
o W 7 1.35 50 2.0
o M TE 8 1.35 100 2.5
B 5 R M R S A A - — g -
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Fig.5  The storage procedure of Table 4 Variance analysis on grassland of transporter
signal collection of vibration acceleration - —
e e FRKW AME PHE
* 2 HEORIRENINE E RS ST Source Degree  Sum of RS F P
Table 2 The feature statistics of vibration acceleration of variance of freedom  square )
time domain of different situation
9.8X107% m/s* B Velocity 2 6.889  3.444  49.6  0.001 50
BB Pt B /kg BT U 22
Road condition Stalls Load # RMS Peak Range N
. 50 3308 1952 34.67 A Load 2 3.389 1.694  24.4  0.005 74
Low speed 100 3754 2822 4150 W% Errors 0.278  0.069
gear 150 3.393 1357 24.22 2)/)@%&%% A T e v AR A R A R
200 3.831 16.25 27.30 A3 2.4 1.4 km/h, BEER B 43 510 50,100,200
o 00 10120 5789 9236 kg GREEERANE 5 PR T EMFIE 6. K 6
it 100 9.768  71.25  99.73 -
G viedm 100 OO0 T2 SOTE g e R B 0
rldssld Speed gear 9 J. oU. Vo . . y -
200 8.945 47.59 78.61 TR E . B E AR AR 200 kg 01 [H) Fp
N N Y — A N
-y 50 38.520 245.90  353.50 E%'()%T ,Eﬁﬁﬁfhﬁﬁﬁﬁﬁﬁﬁﬂvﬁﬁuﬁiﬁﬁgﬁéﬁsﬁ:
I%JL & _ 2. AN o N . S
el 00 3150 20800 41770 R R AR N T I 0
gear 150 36.870 274.40 364.60 x5 EHEERMERTHRBESR
200 40.920  269.80 381.60
Table 5 Test result on mud road of transporter
50 2.961 16.03 29.18 .
1% 7Y . HE v/ — PR SHR f/He
100 3.027 28.27 42.37 55 AT m kg
Low speed T b (km/h) Load Displacement
/ st .0z ass
e e gear 150 4.227 31.81 49.35 est number Velocity oad mass signal frequency
e 200 3.560  19.15  33.45
Mud road 1 2.40 50 2.5
50 11.755 56.28 96.40 . .
o 5 55 > 2 2.40 100 3.0
. 100 7.921 61.45 116.59 3 2.40 200 5.0
Medium speed
gear 150 9,194  53.53  83.54 4 1.40 50 2.0
200 11.913 74.85 126.69 5 1.40 100 2.25
5 Y 50 34.780  172.32  264.86 6 1.40 200 2.75
High speed gear 100 42.735  189.78  296.71 X6 THEERMBINKESEST
i 50 4.301 11.45 20.28 Table 6 Variance analysis on mud rod of transporter
' Low speed 100 4.889  12.74  24.35 J5 22 KR ERicY: -5 Fil -
M e gear 150 4.568  18.82  33.86 Source Degree Sum s F P
Dinas road 200 1.265 17.98 32.40 of variance of freedom  of square )
-~ 50 12.81 30.42 59.70 L Velocity 1 0.666 7 0.6667 64  0.0153
. = 100 10.82 37.21 60.78 #faf Load 2 0.770 8  0.3854 37  0.026 3
Medium speed ' : . X
gear 150 11.03 52.25 98.49 % 2% Errors 2 0.020 8  0.010 4
200 11.09  44.70  84.56 DY, N TR E R ENEE
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Table 7 Factor level of slope dinas road
7K YepgE /() H ¥/ (km/h) #Hofr kg
Level Slope Velocity Load
1 0 1.3 50
2 7.5 2.5 100
3 15 4.5 200
*x8 WERAKKAR
Table 8 Test programme of slope dinas road
KF W/ () BB/ (km/h) AT /g
Level Slope Velocity Load
1 1¢0) 1(1.3) 1(50)
2 1C0) 2(2.5) 2(100)
3 1C0) 3(4.5) 3(200)
4 2(7.5) 1(1.3) 2(100)
5 2(7.5) 2(2.5) 3(200)
6 2(7.5) 3(4.5) 1(50)
7 3(15) 1(1.3) 3(200)
8 3(15) 2(2.5) 1(50)
9 3(15) 3(4.5) 2(100)
xR THEEHEMBEITHREERRSN
Table 9 Test result on slope dinas road of transporter
WEHS  WE/C) BE/(km/h) AT/ ke EEED
Test number Slope Velocity Load Index
1 1 1 1 3
2 1 2 2 2.3
3 1 3 3 3.6
4 2 1 2 2.6
5 2 2 3 3.8
6 2 3 1 3.6
7 3 1 3 2.8
8 3 2 1 3.3
9 3 3 2 3.7
1 8.9 8.4 9.4
Il 10 9.4 8.2
Il 9.8 10.9 10.2
R 1.1 2.5 2.0
£10 BEAFEBESHHESN
Table 10 Variance analysis of road roughness signals
B3 -5 Al 1 B
- ¥ 75 1) )
Source Sum Degree . F Sig
. RMS
of variance of square  of freedom
i Slope 0.576 2 0.288  0.359 0.736
HE Velocity 0.429 2 0.214  0.268 0.789
A 0.249 2 0.124  0.155 0.866
Load mass
%2 Errors 1.602 2 0.801
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B4 41 20 T B R 3R E A9 34 O AR A G 3 4 B R A
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A5 i = Y9 FE 35 g LA b s U RE K 50 g T (H
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S0 A % B 2 3 A ML 4R v iR 2 0 R 2 T
o TER— BT o 28 ar XoF 41 2 i B 114 5 i) 2 Bt
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I gl i B AR G5 4 i IR B RS 15 S AR AR 1 it
T AN - BE Sl A5 5 (0 R A, S I8 T AS O BE O 15 5
AR B A3 A, Ho R () P BN 0.001 50, %% 48 i
T P H 0.005 74, 3 B 3R A1 E 2% 0T 4 X B b
1) 65 T AN BE A s i L A B R R 2
fif 19 . 2 MoK P Sig B 43 51 A 0,736, 0. 789 F
0.866 , 7 B 38 B X i 1801 AN SF B {5 5 19 5% i o K, 3L
YRR T B S 2 e BT A
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Acquisition and analysis of vibration acceleration signal of pavement
spectrum of agricultural orchard transporter
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Abstract This article is aimed to research the vibration acceleration signal of agricultural wheeled
transporter when working in grassplot, mud road and 15.1° slope of dinas road conditions. And then the
vibration acceleration signal was input in the LabVIEW’s signal processing model to analyze and extract
its feature. At last,through the correlation of vibration displacement signal, which is acquired by twice
integral operation based on the vibration acceleration signal,its characteristics were analyzed and extrac-
ted. The results of the vibration displacement signal indicating that speed and load weight significantly
affect the pavement roughness of grass. The significant value of slope,speed and load weight indicating
that slope has the biggest effect on the pavement roughness signal followed by speed and load mass.

Keywords mountainous orchard; agriculture truck; virtual instrument; vibration acceleration; vi-

bration displacement; signal analysis
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