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Correlation Analysis of Three—Axis Vehicle Vibration
in Transport Environment
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Three-axis simultaneous vibration testing can replicate real-world vibration more accurately than single-axis vibration
testing. On the other hand, three-axis simultaneous vibration testing requires consideration of its unique characteristic such as
a correlation between three axes, which does not need to be considered in single-axis vibration testing. Therefore, in order to
develop a theory for performing three-axis simultaneous vibration testing, it is required to clarify a correlation between three
axes during real transportation. This study aims to gain underlying knowledge for three-axis simultaneous vibration testing,
and analyzes a correlation between vertical, lateral, and longitudinal acceleration measured on a truck bed (Maximum load
capacity: 3550kg). From the results of correlation analysis, it was made clear that impulsive acceleration tended to be in sync
between three axes in the range where a kurtosis value of vertical acceleration is high. The correlation gained from this study
is expected to be utilized as underlying data for developing a three-axis simultaneous random vibration testing method.
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Fig. 1 A metal wire used to generate a bump

Fig. 2 A condition of an experiment on a random
road surface.

=% Vol.25 No.5 (2016)

TR—1000") %ZFHEL7=, ZORETELZ
1.5km/h THJ 8m EFT L 72T AE U 5 3 dilinE
JE% 1280Hz OY > 7"V > J TR CHIE L
Too 728 ARWFFETIXLAL  HEAT 710 % x il
BT % y il $RiE % z e 35,

Fig.5 3 X O Figb |2, B2 WK X
OB ZEM & 5 81 & 1T LT BRICAS Sz
MWW 2 2N EIURT, Figh b, BAED
Rl AR AT LW, T b bEER R EE
WA USRI 2 B3 2 i

Fig. 3 A condition of an experiment on a road
surface with a bump.

Fig. 4 Measurement equipment mounted on a hand
cart.
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Fig. 5 Acceleration time history data on a random
road surface: (a) x—direction, (b) y—direction, (c)
z—direction.
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Fig. 6 Acceleration time history data on a road
surface with a bump: (a) x—direction, (b)
y—direction, (¢} z—direction.
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Fig. 7 Truck used in this study.
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Fig. 8 Measurement equipment mounted
on a truck bed.
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Table 1 Spearman’s rank correlation coefficient
between occurrence time of peak acceleration in x,
y, and z directions

X y z
X 1

y 0.27 1

z 0.24 0.26 1
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acceleration in x, y, and z directions in the case where
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z—direction.
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Table 2 Spearman’s rank correlation coefficient between
occurrence time of peak acceleration in x, y, and z
directions in the case where kurtosis of z—direction is less
than 3

X y z
X 1

y 0.19 1

z 0.13 0.14 1
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Table 3 Spearman s rank corrslation  coefficient
between ocourrence time of peak acceleration in x
and z directions in the case where kurtosis of
z—direction is over 3

X v Z
X 1

¥ 0.56 1

Z 061 0.65 1

Table 4 Spearman s rank corrslation  coefficient
batwesn occocurrence time of peak acceleration in x, v
and z directions in the case where kurtosis of
z—direction is over 4

X v Z
X 1

¥ 0.88 1

zZ 0.88 0.89 1
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Table 5 Spearman s rank correlation cosfficient
between occurrence time of peak acceleration in x,
and z directions in the case where kurtosis of
z-direction is over 5

X v z
X 1

¥ 0.93 1

Z 0.93 0.93 1

Table B Spearman s rank correlation coefficient
betwesn ocourrence time of peak acceleration in x, v,
and z directions in the case where kurtosis of
z—direction is over 6

X ¥ Z
X 1

¥ 0.97 1

zZ 0.97 0.97 1
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