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A procedure to derive the acceleration power spectral density (PSD) profiles for the 

random vibration test based on the transport scenario and classification method of 

vibration severity was proposed. By using the proposed method, a PSD profile for the 

random vibration test which simulates the transport conditions was also derived using 

the field data obtained in Japan. Furthermore, a PSD profile which enables to shorten 

the testing time (one tenth of the original one) was developed by employing two types of 

time compression methods. In addition, the time for random vibration test should be 

selected in accordance with the transport distance considering. 

（http://www.jpi.or.jp/report/data/report2014_jp.pdf）  

1. Introduction

A simple sinusoidal vibration test 

or a sweep mode test has been replacing by 

random vibration test1) because of rapid 

evolutions of transport environments 

logger, vibration test equipment and its 

controlling system, computers for 

measuring test parameters and conditions 

and for controlling equipment, and 

software for testing and data analyzing 

system. 

In the random vibration test 

method, as in the case of other vibration 

test method, testing conditions including 

the vibration time history derived using 

reverse fast Fourier transformation (FFT) 

from a test PSD profile should reflect the 

damage level of the packaged 

products/packaging materials occurred 

during the actual transport condition. To 

put this phenomenon into practice, it is 

necessary to obtain actual transport data, 

analyze transport conditions (vibration 

acceleration or PSD profile, testing time, 

stacking method, etc.), and develop test 

conditions based on the analysis of 

acquired data2). 

However, because of the limitations 

of testing equipment of individual 

organization, only limited personnel can 

perform this type of test. 

On the other hand, international 

standard (such as ISO 133553)) or domestic 

standards (such as ASTM D41694) and JIS 

Z 02325)) provide the PSD profiles as a 

reference or a recommendation in their 

standards. However, it is not possible for 

personnel to judge whether the profile is 

suitable for the testing condition of their 
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transport scenario or destination. 

 In this report, we proposed the 

method to derive a test PSD profile by 

using the field data and established the 

PSD profile for simulating transport 

condition in Japan. Furthermore, a PSD 

profile which enables to shorten the testing 

time was developed by employing two types 

of time compression methods. 

 

2. Theory and experimental methods 

  

2.1 Method of averaging transport 

environment 

 In the recent data acquisition of 

transport environment, many data with 

small data frame such as 1,024 points per 

frame are obtained and converted to the 

PSD profile by FFT method. Additionally, 

several methods for deriving a test PSD 

profile for the random vibration test by 

using these PSD profiles have been 

proposed6-15). In this report, a scenario 

based averaging method for deriving a 

unified PSD profile was employed. By 

using this method, vibration acceleration 

conditions were classified to several levels 

depending on the primary mode PSD level, 

and averaged PSDs for each vibration 

classes were obtained. Then, a unified PSD 

was derived by averaging the PSDs for 

each classes based on the ratios of each 

category among the data obtained from the 

transport test. 

2.2 Definition of transport scenario 

 Transport route includes Factory – 

Delivery center, Deliver center – 

Distributor company, Distributor company 

– Dealer. The types of vehicle, road 

condition, and the running speed are 

shown in Table 1. 

 

 

Table 1 Transport scenario defined 

 

2.3 Classification of vibration severity 

 The vibration condition depends on 

the road roughness, suspension type of the 

vehicle, and the driving condition even in 

the fixed transport scenario. In this report, 

therefore, we employed the method to 

classify the transport condition based on 

the PSD level referring the method of five 

Transportation 
route  Factory ⇒  Delivery 

center ⇒  Distributor 
company  ⇒  Dealer

Transportation 
mode 

Large-sized vehicle Large-sized vehicle 
Large and 
medium sized 
vehicle 

Running road 
（Running speed） 

Expressway（80km/h） Expressway (80km/h) 
General road

(40km/h or 
below) 

*1:  The average running speed of the transport scenario  80 km/h. 

Running duration = 0.75 min/km. 



levels road condition classifications16,17) 

based on International Roughness Index 

(IRI)18,19). Table 2 shows the three 

vibration severity levels (A, B, C) and their 

PSD levels. 

 

 

 

 

Table 2 Classification of vibration severity based on the PSD level 

Vibration severity level
PSD 

(g2/Hz) 

A Good vibration Less than 0.005 

B Usual vibration 0.005 to 0.03 

C Bad vibration Higher than 0.03 

 

2.4 Acquisition of vibration data 

 Time history vibration data on the 

truck bed and their PSDs were obtained by 

using the actual transportation based on 

the transport scenario as shown in Table 3.  

 

Table 3 Conditions of the vibration data acquisition under three transport conditions 

Vibration 
severity 

level 

Vehicle type and the 
position of vibration 

measurement 

Loading 
ratio 

Running 
road 

Data acquisition method

A Type: Large size truck 
with leaf spring 

suspension (13 t in 
capacity) 

Position: Rear truck bed

Full Expressway 
in Western 

Japan 

Full time recording by 
using original system 
(Mitsubishi Electric 

Logistics Corporation) 

B Type: Large size truck 
with leaf spring 

suspension (13 t in 
capacity) 

Position: Rear truck bed

Full Expressway  
in Western 

Japan 

Full time recording by 
using original system 
(Mitsubishi Electric 

Logistics Corporation) 

C Type: Large size truck 
with leaf spring 

suspension (11 t in 
capacity) 

Position: Rear truck bed

Full National 
road with 

snow covered 
in Hokkaido

Recording by acceleration 
trigger (0.087 G) using the 

EDR-3 (Instrumented 
Sensor Technology, Inc.) 

 

2.5 Averaging PSDs and derivation of a 

unified PSD 

 The representative PSDs for each 

vibration severity levels (A, B, C) were 

obtained by averaging the PSDs within the 

level. A unified PSD was derived by 

weighted averaging of the representative 

PSDs based on the ratio of each vibration 

severity classes obtained from the 

transport test as shown in Table 4. 

2.6 Time compression method No.1 

In the fatigue failure, it is considered that 

the low level of vibration has less effect on 

the total fatigue level. In this report, 



therefore, we employed the time compression method No.1, namely peek 

 

Table 4 Ratio of three vibration severity classes 

Vibration severity level Distribution ratio (%) 

A Good vibration 30 

B Usual vibration 69 

C Bad vibration 1 

 Total 100 

 

number reduction method, by removing the 

waves of low level time history data which 

were recorded more than 105 – 106 times 

during actual transport time period. After 

deriving the new unified PSD profile by 

removing the low level vibration, a 

simplified PSD with limited break points 

was developed for the convenience of the 

vibration test. 

2.7 Time compression method No.2 

 The stress–strain (S-N) curve is 

the basis of the fatigue failure. Therefore, 

we employed the time compression method 

No.2, namely S-N method, by multiplying 

the acceleration factor (more than 1.0) to 

the PSDs in the profile. 

 In the fixed frequency, the 

following equation can be derived from S-N 

curve (N･G = ). 

 T2/T1=(G1/G2)             (1) 

, where T1 is the test time before time 

compression, T2 is the test time after time 

compression, G1 is the acceleration before 

time compression, G2 is the acceleration 

after time compression. 

 Equation (1) can be converted as 

follows: 

 T2=T1･(G1/G2)       (2) 

 

3. Results and discussion 

  

3.1 PSD profiles in each classes 

 PSD profiles fell in each vibration 

severities (bad, usual, and good) were 

shown in Figure 1. 

3.2 Representative PSD profiles for each 

categories 

 The representative PSD profiles for 

each vibration severity levels (bad, usual, 

and good) were shown in Figure 2. 

3.3 Fatigue equivalent unified PSD profile 

 A unified PSD profile which is 

fatigue equivalent was derived by weighted 

averaging based on the Table 4 as shown in 

Figure 2. 

3.4 Time compression method No.1 

 The histogram-A of the vibration 

acceleration obtained by using zero-cross 

peek count method was shown in Figure 3. 

Figure 4 shows the Histogram-B obtained 

by removing the low level vibration from 

Histogram-A. 



Total number of vibration peek in Figure 3 and 4 is 756 and 373, respectively. 
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Figure 1 PSD profiles fell in three vibration severity classes 
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Figure 3 Histogram A (acceleration range is about 3 g) 
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Figure 4 Histogram B (after removing low level of vibration from Histogram A) 



Time compression of 1/2 (373/756=0.5) can 

be achieved by using the time history 

vibration data from Figure 4 or by using 

the PSD derived. 

PSD_A is the PSD profile derived 

from original time history by removing the 

low level vibration (Figure 5). 
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Figure 5 Fatigue equivalent PSD (PSD_A), Simplified PSD (PSD_B), S-N method time 

compressed PSD (PSD_C) 

PSD_B is the fatigue equivalent 

PSD profile obtained by simplifying the 

PSD_A based on the performance 

availability of the test equipment and on 

the ease of the operation of the test PSD 

(Figure 5). 

3.5 Time compression method No.2 

The S-N method for time 

compression was applied to obtain 

feasible testing time period. The value of 

2.0 for  in the S-N curve was selected to 

avoid the over/less estimation of the 

fatigue level by considering wide range 

of test specimen to be tested. 

PSD_C is the time compressed 

PSD of PSD_B by using S-N method with 

the value of 2.0 for  in the S-N curve 

(Figure 5). 

3.6 Time for testing 

The time for random vibration 



test should be selected in accordance 

with the transport distance as shown in 

Table 5. 

Table 5 Relationship between transport 

distance and time for testing 

Transport 

distance, l (km）

Test Duration, Ttest

(min) 

l  200 15 

200 < l  500 30 

500 < l  1000 60 

1000 < l  1500 90 

1500 < l  2000 120 

2000 < l  2500 150 

2500< l 180 

4. Concluding remarks

Proposed PSD profile (PSD_C) 

can be used to simulate the transport 

condition in Japan (relatively good 

condition among the world) in the 

random vibration testing for packaging. 

The use of proposed PSD profile 

will enhance the optimization of the 

packaging for cushioning and lead to 

eliminate the accident of transporting 

goods and to reduce the use of packaging 

materials and environmental load. 

Active utilization is highly expected. 

5. Acknowledgement

This report is the outcome of the 

research project of Japanese mirror 

committee (Section 1) for the ISO/TC 122 

started in 2006. 

This project is currently 

supported by the Ministry of Economy, 

Trade and Industry (METI) under the 

auspices of Mitsubishi Research 

Institute, Inc. 

References 

[1] Peter J. Caldicott (1991), 

Distribution Testing – Sine or 

Random, Packaging Technology and 

Science, 4, 287-291 

[2] Michael A. Sek (1992), A Modern 

Technique of Transportation 

Simulation for Package Performance 

Testing, Packaging Technology and 

Science, 9, 327-343 

[3] ISO 13355, Packaging -- Complete, 

filled transport packages and unit 

loads -- Vertical random vibration 

test 

[4] ASTM D 4169, Standard Practice for 

Performance Testing of Shipping 

Containers and Systems  

[5] JIS Z 0232, Packaged freights -- 

Method of vibration test 

[6] Hiroyuki Usuda, Takeo Shiina, 

Yutaka Ishikawa, Takaaki Satake 

(2006), Development of Random 

Vibration Test Method based on 

Damage Susceptibility of Produce, J. 

Soc. Agric. Struc., Japan, 37(1)、3–9 

[7] Jagjit Singh, S. Paul Singh and Eric 

Joneson (2006), Measurement and 

Analysis of US Truck Vibration for 

Leaf Spring and Air Ride 

Suspensions, and Development of 

Tests to Simulate these Conditions, 

Packag. Technol. Sci., 19, 309–323 



[8] Garcia-Romeu-Martinez MA, Singh 

SP, Cloquell-Ballester VA (2008), 

Measurement and analysis of 

vibration levels for truck transport 

in Spain as a function of payload, 

suspension and speed. Packaging 

Technology and Science 21(8), 

439–451 

[9] Singh SP, Joneson E, Singh J, 

Grewal G. (2008), Dynamic analysis 

of less-than-truckload shipments and 

test method to simulate this 

environment. Packaging Technology 

and Science, 21(8), 453–466 

[10] Vanee Chonhenchob, Sher Paul 

Singh, Jay Jagjit Singh, Sukasem 

Sittipod, Dathpan Swasdee1 and 

Supoj Pratheepthinthong (2010), 

Measurement and Analysis of Truck 

and Rail Vibration Levels in 

Thailand, Packag. Technol. Sci., 23, 

91–100 

[11] Kyle Dunno (2014), Experimental 

Evaluation of Techniques Designed 

to Reduce Vibration Simulation Test 

Time, Journal of Applied Packaging 

Research, 6(2), Article 1, 1–10 

[12] Eric Joneson (2007), Developing a 

Random Vibration Profile Standard, 

23rd IAPRI Symposium, Beaumont 

House, Windsor 

[13] Rouillard V. (2008), Generating road 

vibration test schedules from 

pavement profiles for packaging 

optimization, Packaging Technology 

and Science, 21(8), 501–514 

[14] ISTA (2014),  Guidelines for 

Selecting and Using Ista® Test 

Procedures & Projects （http://www. 

ista.org/forms/ISTAGuidelines.pdf）  

[15] SRETS, Final Report, Contact N 

SMT4-CT95-2005 (DG12-RSMT) 

[16] ISO (1982), Reporting vehicle road 

surface irregularities, TC 108/SC 

2/WG 4, N57 

[17] Sayers, M.W. (1989), Two 

Quarter-Car Models for Defining 

Road Roughness: IRI and HRI, 

Transportation Research Board, 

Washington, D.C. (Transportation 

Research Record 1215) 

[18] Michael W Sayers, Thomas D. 

Gillespie, and William D. O. 

Paterson (1986), Guidelines for 

Conducting and Calibrating Road 

Roughness Measurements, WORLD 

BANK TECHNICAL PAPER 

NUMBER 46 

[19] Sayers, M.W and Karamihas, S.M. 

(1998). The Little Book of Profiling: 

Basic Information about Measuring 

and Interpreting Road Profiles. 

University of Michigan, Ann Arbor 


