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Method for Creating 3-axis PSDs for Random Vibration Test
Considering Transport Condition and Test Environment
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Vibration tests have been conducted for a package using a random vibration method to evaluate the anti-vibration
function of the package. The acceleration power spectral density (PSD) as a random vibration test condition is
regulated using JIS Z0200:2023, which only demonstrates the vertical condition. However, JIS Z0232:2020
proposes the use of PSD developed using actual transport vibration data obtained through field-data recording
owing to significant changes in the shape of PSD curves based on various transport conditions. However, the
recording of actual transport data is often difficult.

This study proposes a method to determine PSD for conducting a more realistic random vibration test than the use
of JIS-based PSD, even with the difficulties involved in individually collecting field data. I propose a simple
calculation method for PSD test profile based on random transport conditions and test environment using actual
transport PSD curves obtained through truck and rail vibrations with three-axis.
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Table 1}

Table 1 Sampling data of Truck vibration

No. Tonnage Suspension Road type /
Driving area

1 2 Leaf Local road / Kansai

2 2 Leaf Highway / Kansai

3 3 Leaf Highway / Kanto to
Tokai

4 3 Leaf Highway / Kanto to
Tokai

5 4 Air Local road / Kanto

6 4 Air Highway/ Kanto

7 4 Air Local road / Kanto

8 4 Air Highway / Kanto

9 4 Air Local road / Kansai

10 4 Leaf Local road / Kansai

11 4 Air Highway / Kansai

12 4 Leaf Highway / Kansai

13 7 Air Local road / Kansai

14 7 Air Highway / Kansai

15 10 Air Local road / Kanto

16 10 Air Local road /
Hokuriku

17 10 Air Local road+Highway
/ Kanto to Kyushu

18 10 Air Highway / Kanto

19 10 Air Highway / Hokuriku

20 10 Air Local road+Highway
/ Hokuriku

21 13 Air Highway / Kanto

22 13 Air Local road / Tokai

23 13 Air Local road / Tokai

24 13 Air Highway/ Tokai

25 15 Air Local road / Kansai

26 15 Air Highway / Kansai
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Table 2 PSD,;4 of Truck for vertical

f PSD1q o PSDgqp PSDgq
(Hz) [(m/s?)?/Hz] [(m/s?)?/Hz] [(m/s?)?/Hz]
1 0.12 0.22 0.37
2 0.25 0.48 0.7

3 0.25 0.48 0.7

6 0.028 0.067 0.12
8 0.048 0.14 0.4
20 0.048 0.1 0.2
40 0.0025 0.007 0.015
70 0.0025 0.007 0.015
80 0.005 0.02 0.04
100 0.001 0.002 0.004
120 0.005 0.02 0.04
200 0.005 0.02 0.04
?nllv;ssz) 1.49 2.42 3.42

Table 3 PSD,;q of Truck for lateral

f PSDyq o PSDyq p PSDgq
(Hz) [(m/s?)2/Hz] [(m/s?)2/Hz] [(m/s?)?/Hz]
1 0.013 0.03 0.045

2 0.013 0.03 0.045

5 0.004 0.007 0.012

18 0.07 0.14 0.235

40 0.001 0.003 0.005

200 0.0003 0.001 0.002
?xssz) 0.88 1.30 1.70

Table 4 PSD,,y of Truck for longitudinal

f PSDg4 o PSDgiap PSDgq
(Hz) [(m/s?)?/Hz] [(m/s2)2/Hz] [(m/s?)?/Hz]
1 0.02 0.06 0.12

2 0.03 0.1 0.2

5 0.01 0.024 0.05

9 0.01 0.024 0.05
10 0.005 0.014 0.025
13 0.005 0.014 0.025
18 0.014 0.05 0.1

40 0.0014 0.004 0.007
70 0.0014 0.004 0.007
200 0.0002 0.0005 0.001
:{nl:/;ssz) 0.63 1.08 1.50

Table 5 PSD,.y of Truck for overall horizontal

f PSDyq o PSDyqp PSDgq
(Hz) [(m/s?)?/Hz] [(m/s?)?/Hz] [(m/s?)*/Hz]
1 0.02 0.06 0.12

2 0.03 0.1 0.19

5 0.01 0.025 0.048
7 0.01 0.025 0.048
18 0.07 0.14 0.235
40 0.0015 0.004 0.007
70 0.0015 0.004 0.007
200 0.0003 0.001 0.002
Fnl:/;ssz) 0.96 1.47 1.96
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Table 6 Sampling data of Rail vibration

No. Container Route Measurement
type Point
1 12 feet Saitama to Frontlof
Iwate container
2 12 feet Saitama to Cente-r of
Iwate container
3 12 feet Saitama to Rear f’f
Iwate container
4 12 feet Hy'ogo to Front‘of
Saitama container
5 12 feet Hy'ogo to Ceme‘r of
Saitama container
6 12 feet Hongo to Rear gf
Saitama container




MThH D,
LIt

ET-
(=]

IS

BRI & OTRBIFABRIRLE I I U723 BINESE N T — R N2 R L JE D FEE T

A RN
D Teest Treal% L Om%E it(l) WZRAT S

B ITxf

Z LT, SREEEICI T B PSDp BIEHN D,

PSD [(m/s?)?/Hz]

PSD [(m/s2)?/Hz]

PSD [(m/s?)?/Hz]

PSD [(m/s?)2/Hz]

E N

N Z w7 L AR J5 18] 23 $k 3 HL
DHEAT I TH 5,

e || e - e
ZN\A £ ) z
Leor o = jear AN = rea =T = 1ea =T A
N bt a a 5
. - ; - ] - L
' LI ' RN ' li
1E-04 1E-04 bk 1.E-04 1.E-04
Frequency(Hz) Frequency(Hz) Frequency(Hz) Frequency(Hz)
--=-regular —severe ——rough road -=--regular —severe ——rough road -=--regular ——severe ——rough road --=-regular —severe ——rough road
(a) (b) (c) (d)
Fig.3 PSD,., by Truck (a) vertical (b)lateral (c)longitudinal (d) overall horizontal
eon | e o e
=N — g g )
reor P = 1e01 A = 1en =1 = 1e0 =1
ot g g e NN
1603 ‘ ‘ ‘ & 1e0s ‘ ‘ ‘ & e € 1e0 =
Frequency(Hz) Frequency(Hz) Frequency(Hz) Frequency(Hz)
--=-regular —severe ——rough road ----regular —severe ——rough road ---regular —severe ——rough road ===-regular ——severe =——rough road
(a) (b) (c) (d)
Fig.4 PSD.:s by Truck (a) vertical (b)lateral (c)longitudinal (d) overall horizontal
oo oo Lo
e - .
T T z
A0 = = =
LR ) By S
1eo2 A n Eicn } e £ Ny 4
YT 2 AN 2 o 2 ey
1603 £ 1603 WAL L & 1e03 L & 1p03 - L
I’ T T il
1.E-04 ' 1E-04 1E-04 id 1.E-04
Frequency(Hz) Frequency(Hz) Frequency(Hz) Frequency(Hz)
----regular —severe —rough road ----regular —severe —rough road ----regular —severe —rough road ----regular —severe —rough road
(a) (b) (c) (d)
Fig.5 PSD,,, by Rail (a) vertical (b)lateral (c)longitudinal (d) overall horizontal
oo e - e
g z z
1E01 = = je0r = 1ea = 1o =y
7N A : == N
Lee A= £ A E o Eicm A
==t NI E S ol o 4
i 2 N /s 2 N 2 v
1E03 H‘ € 1e0s H £ 1eos H‘ D ¥ & 1e0s 1
Frequency(Hz) Frequency(Hz) Frequency(Hz) Frequency(Hz)
---regular —severe —rough road ----regular —severe —rough road ----regular —severe —rough road --~regular —severe —rough road

(a)

(b)

(¢)

(d)

Fig.6 PSD.,s by Rail (a) vertical (b)lateral (c)longitudinal (d) overall horizontal



AARE #2255 Vl33 Nod (2024)

Table 7 PSD,.4 of Rail for vertical

f PSDsq o PSDgq PSDgtq
(Hz) [(m/s))2/Hz]  [(m/s?)?/Hz] _ [(m/s’)*/Hz]
1 0.023 0.040 0.065

2 0.125 0.180 0.230

4 0.125 0.180 0.230

7 0.003 0.004 0.005
10 0.006 0.010 0.020
13 0.006 0.010 0.020
20 0.002 0.004 0.006
45 0.002 0.004 0.006
80 0.018 0.070 0.100
90 0.006 0.015 0.025
140 0.006 0.015 0.025
160 0.018 0.070 0.100
200 0.001 0.002 0.003
ﬁxssz) 1.28 2.06 2.51

Table 8 PSD,;qy of Rail for lateral

f PSDgtq o PSDgq 1 PSDgq ¢
(Hz) [(m/s?)?/Hz] [(m/s?)2/Hz] [(m/s?)?/Hz]
1 0.04 0.07 0.095

2 0.06 0.07 0.095

7 0.001 0.0018 0.004
18 0.005 0.01 0.022
25 0.001 0.002 0.004
130 0.001 0.002 0.004
160 0.0036 0.01 0.018
200 0.0001 0.0002 0.0004
ﬁxss,) 0.59 0.83 113

Table 9 PSD,.4 of Rail for longitudinal

f PSDi4 q PSDgq 1 PSDgq
(Hz) [(m/s?)?/Hz] [(m/s?)?/Hz] [(m/s?)?/Hz]
1 0.005 0.008 0.014
2 0.014 0.018 0.03

4 0.014 0.018 0.03
20 0.00055 0.001 0.002
35 0.00055 0.001 0.002
80 0.0027 0.0055 0.01
110 0.00055 0.0012 0.0025
150 0.0018 0.0035 0.008
200 0.0002 0.0003 0.0005
:‘lxssz) 0.53 0.71 0.99

Table 10 PSD..y of Rail for overall horizontal

f PSDgtq o PSDgq p PSDgq
(Hz) [(m/s)*/Hz]  [(m/s®))/Hz]  [(m/s?)*/Hz]
1 0.04 0.07 0.1

2 0.06 0.07 0.1

10 0.002 0.0035 0.007
18 0.005 0.01 0.022
25 0.001 0.002 0.004
45 0.001 0.002 0.004
80 0.0027 0.0055 0.01
100 0.001 0.002 0.004
130 0.001 0.002 0.004
160 0.0035 0.008 0.018
200 0.0002 0.0004 0.0005
:‘xssz) 0.66 0.89 1.23
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Table 11 PSD,.,: of Truck for vertical

f PSDtest_a PSDtESt_b PSDtESt_L'
(Hz) [(m/s*)*/Hz]  [(m/s})?/Hz]  [(m/s?)?/Hz]
1 0.641 1.176 1.978
2 1.336 2.566 3.742
3 1.336 2.566 3.742
6 0.150 0.358 0.641
8 0.257 0.748 2.138
20 0.257 0.535 1.069
40 0.013 0.037 0.080
70 0.013 0.037 0.080
80 0.027 0.107 0.214
100 0.005 0.011 0.021
120 0.027 0.107 0.214
200 0.027 0.107 0.214
?nll‘fssz) 3.45 5.59 7.89

Table 12 PSD,,,: of Truck for lateral

7 PSD rrr PSDrers PSDior .
(Hz) [(m/s*)*/Hz]  [(m/s})?/Hz]  [(m/s?)?/Hz]
1 0.069 0.160 0.241
2 0.069 0.160 0.241
7 0.021 0.037 0.064
18 0.374 0.748 1.256
25 0.005 0.016 0.027
120 0.002 0.005 0.011
160 0.069 0.160 0.241
200 0.069 0.160 0.241
:‘n?fssz) 2.04 3.01 3.93

Table 13 PSD,... of Truck for longitudinal

PSDiest a

f g PSDyest PSD st ¢
(Hz) [(m/s?)2/Hz]

[(m/s?)2/Hz] [(m/s?)?/Hz]

1 0.107 0.321 0.641
2 0.160 0.535 1.069
5 0.053 0.128 0.267
9 0.053 0.128 0.267
10 0.027 0.075 0.134
13 0.027 0.075 0.134
18 0.075 0.267 0.535
40 0.007 0.021 0.037
70 0.007 0.021 0.037
200 0.001 0.003 0.005
:‘nll‘fssz) 1.46 2.50 3.47

Table 14 PSD,..; of Truck for overall horizontal

f PSDyes o PSDyes 1 PSDyes¢
(Hz) [(m/s?)?/Hz] [(m/s?)2/Hz] [(m/s?)?/Hz]
1 0.107 0.321 0.641
2 0.160 0.535 1.016
5 0.053 0.134 0.257
7 0.053 0.134 0.257
18 0.374 0.748 1.256
40 0.008 0.021 0.037
70 0.008 0.021 0.037
200 0.002 0.005 0.011
:{HIIV;SSZ) 2.23 3.40 4.52
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