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Abstract

To test and certify different packaging materials, the maximum deceleration is measured when a packaged object hits the ground after a free fall from a predefined height. The results from previous experiments by hand are widely scattered and therefore useless. When a drop test machine is used the main question is: will the measurements be repeatable? Research has proven that the machine (figure 1) has a repeatability of ( ten percent below heights of 0.70 meter.

Introduction

The packaging of a product protects it from shocks during transport. In order to design the packaging it requires appropriate design procedures based on the stiffness and damping properties of the packaging materials. The final design of the packaging is tested in drop tests where the maximum deceleration of the packaged product is measured.

Problem

In previous experiments a packaged "dummy"-product is released by hand. An accelerometer measures the maximum deceleration, but the data is widely scattered. This is a result of the way the test is performed. Repeatable results require that the product is released from the same height and orientation each time the experiment is performed. Because the test is done by hand, the height is not always the same and the product is tilting during its free fall. This can be avoided by buying an industrial drop test machine, but this is too expensive. When another drop test machine is used, the main question is:

Will the measurements be repeatable?

Hypothesis

With the drop test machine (which is shown in figure 1) the maximum deceleration of a packaged product can be measured with a repeatability of ( 10 percent.
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Figure 1: Drop test machine.

Object is placed on plateau; spring rotates the plateau in such a way that the 1G-line is removed with an acceleration of more than 1G.  The object now has a free fall. The sub frame is height adjustable and attached to the frame.
Methods and Materials

To test the repeatability of the machine a wooden object with packaging material will be placed on the plateau and dropped. In order to get the maximum deceleration in the range of the sensor, damping material is placed on the floor.  

It was only possible to measure accurate at heights below 0.70 meters. Above 0.70 meters the packaging material surrounding the object has significant other properties after every free fall. Therefore it was not possible to determine the repeatability of the machine above 0.70 meters. 

To measure the maximum deceleration there are four accelerometers attached to the object. These accelerometers have no influence on the repeatability.

The computer program Siglab is used to acquire the data from the sensors with a sampling rate of 40 kHz. The analysis of the data takes place in Microsoft Excel. Every drop test is performed several times. The position of the object is identical in each case. During a drop test the same piece of packaging material is used in order to eliminate differences in material properties.

For every situation the average value of the four sensors and its deviation in comparison with the average value are determined. The deviation is expressed in percentages. 

Results

The results of the measurements can be seen in table 1. Per height are displayed the maximum deviation and the average deviation.

	Height (meters):
	Deviation:

	
	maximum
	Average

	0.37
	2.9%
	1.4%

	0.53
	4.6%
	2.9%

	0.60
	9.8%
	4.8%

	0.70
	26%
	8.7%


Table 1: Deviation of drop test measurements


Conclusion and discussion

The data from table 1 can be visualized by making a plot (see figure 2). In this figure is also shown the ten-percent-line, which originates from the hypothesis.
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From the results can be concluded that the machine is repeatable within ten percent for heights below 0.70 meter. Extrapolating of the results shows that above 0.70 meter the hypothesis will no longer hold. But this is very dependent on the way the results are extrapolated and therefore this conclusion is hypothetically speaking. If the machine is not repeatable for heights above 0.70 meter, possible explanations are the possible changing properties of the damping and packaging materials. 

The position of the object on the plateau was always identical. Therefore aero dynamical effects and orientation were the same during the experiments, so this has no influence on the repeatability.

Recommendations

First of all it is recommended to test the machine for heights above 0.70 meter. In case of a repeatability of more then ten percent, it is useful to eliminate possible causes that may have a negative influence on the repeatability. Possible causes are: the changing material properties of the damping and packaging materials.
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