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Abstract: The ability of electronic devices, such as personal digital assistants and digital cameras, to with-
stand accidental impacts and shock is essential. In this paper, two research methods on a whole-packaged
scanner’ s ability of shock are employed. One is the experimental test in accordance with GB/T4857.5-92
about transport packages-vertical impact test method by dropping. During the test, the data acquisition device
obtains useful data from strain gauges and acceleration sensors. To avoid the disadvantages of the experimen-
tal method, the finite element method is also conducted. An advanced analytical simulation for the various
drop orientations is performed to evaluate the structural performance of the product and demonstrate their
compliance with regulatory requirements. Comparisons show good correlation between experimental and fi-
nite element methods. In addition, this paper intends to provide some guidance on the research of packaging

performance of electronic products.
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1. Introduction

In recent years, rapid developments in the electronic in-
formation industry have brought large numbers of elec-
tronic and information products like personal digital as-
sistants, mobile phones and digital cameras to our daily
life [1]. The most common damage to these devices
comes from accidental drop onto hard ground due to
rough delivery and usage.

Traditionally, physical drop tests are performed on
prototypes to ensure the products packaging quality and
reliability. Generally, these tests are qualitative. However,
once the product is equipped with strain gauges and ac-
celeration sensors, the needful data, such as strain and
acceleration at some interested points during the impact,
can be acquired via data acquisition device. While physi-
cal tests may provide the most direct and accurate results
for evaluating the packaging property, the experimental
drop test is expensive, time consuming and require ex-
tensive effort.

Considering the disadvantage of the experimental
method, the numerical simulation is applied to investi-
gate the packaging property of the electronic devices.
Now, as the rapid improvement of hardware and the fi-
nite element software, the simulation-based virtual test
for complex electronic devices has become available and
easy accessible [2]. In this paper, the elapsed time neces-
sary to run an analysis is sharply shortened because of
the finite element software supporting shared memory
parallel processing or the massively parallel processing
capabilities and automatically identifying the contact
conditions of the assembly of the electronic product.

2. Finite Element Model

2.1. Real Scanner Description and Geometry Simpli-
fication

The real scanner in this paper is mainly composed of
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upper housing, middle housing with platen glass, scan-
ning head, PCB plate, data interface, stepper motor and
bottom housing. In order to avoid the solution fails to
converge and shorten the elapsed time necessary to run
an analysis, some simplifications, such as small holes and
some round comers, should be considered. However, the
supporting and connection structures must be described
as detailed as possible, because the force between differ-
ent components is passed by these areas.

2.2. Finite Element Mesh

The whole geometric model of the scanner packages
consists of the corrugated paper box, crushable foam and
the scanner. The assembly modeling totally includes
twenty-one different parts. As the finite element mesh is
the key factor for the analysis time and the accuracy, the
3D geometric model must be meshed properly. As much
as hexahedron elements should be used, so the “Hex
Dominant” is chosen for mesh method and the
“Quad/Tri” is defined for the free face mesh type in order
to successfully mesh all parts, especially for some free-
form surfaces. Fig. 1 shows the finite element mesh for
the whole packaged scanner and some meshing details.
For the connection area between different parts, finer
mesh should be used to avoid converge problems and get
authentic results as shown in Fig. 2.and Fig. 3.

2.2. Material Constitutive Models

The material constitutive models play an important role
in the finite element simulation. It is important to con-
sider the material properties, especially when modeling
impact problems are the strain rate effect and plasticity.
Materials behave differently under different regimes of
strain rate. Many materials are found to be rate sensitive
and there is a need to reflect this phenomenon correctly
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in the analysis in order to obtain accurate results. There-
fore, the material data used by any finite element model
must be appropriate for the range of strain rates and
strains experienced by the model during the simulation.
Otherwise, significant errors may occur [3].

Figure 2. Mesh details of the connection area between
sacnning head and sliding rod
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Figure 3. Mesh details of the connection area between
middle housing and bottom housing
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In this paper, the material models are generally defined
by the following parameters: density, Young’s modulus,
plasticity and strain rates. Some material models used in
this paper are just chosen from the material library of the
analysis software [4]. But for a number of material mod-
els, material data obtained from experimental tests are
converted into the format required by the program. Mate-
rials used in the simulation of this pager are listed in Ta-
ble 1.

Table 1. Material Properties

Material Properties
Component - Yield |Tangent
Material gen
Part (EE"’]\‘E) (,E:;() NUXY| Stress Modulus
9 (Pa) | (Pa)
housing ABS [1.04x1032.05x10°| 0.4 [2.303x10") 9x10°
Scinn(ijng pc  |1.2x10°| 2.2x10° | 0.38 | 6x10" | 8x10°
eal
sliding rod | Steel 7.9x10°|2.1x10" | 0.3 - .
platen glass| Plexiglass|2-5%10°| 6x10%" | 0.25 . )
box Corrugated 1 5x10%| 2.5x10° | 0.32 - -
cardboard
Composite| 2 4x10%| 2x10% |0.35 - -
PCB plate material
target Steel  |7-58x10%2.07x10" 0.3 - -
ground
buffering | pg 12 |1.45x10° - - -
cushion

Crushable foam is widely used in cushion packaging.
Its mechanical behavior is sensitive to the strain rate, and
this effect can be introduced by a piecewise linear law or
by the overstress power law model. The compression-
strain curve for the foam used in this paper is shown in
Fig. 4.

Figure 4. Foam compression strain diagram

2.3. Outline of Analysis Setting

When the three-dimensional (3D) geometric mode
built in Pro/Engineer is imported into the analysis soft-
ware, connections between different components are au-
tomatically identified and established as shown in. But
these connections are all “Bonded” and not all appropri-
ate to the practical situation, some manner settings must
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be made in order to get authentic simulations.

There are five connection types we can choose from
the drop-down box, Bonded, No separation, Frictionless,
Rough, Frictional. The differences in the contact settings
determine how the contacting bodies can move relative to
one another. Depending on the type of problem to solve
in the paper, just the Bonded and Fictional are applied to
contact regions.

In order to reduce the analysis time for the scanner
drop simulation, the whole packaged model is given an
initial velocity of 3.9679m/s equaling to that obtained
when dropped from the desired drop height, perpendicu-
lar to the target ground, instead of simulating the scanner
dropping from its drop height. Besides, the “On Geomet-
ric Strain Limit” should be turned off and the “Step Con-
trols” must be set properly.
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Figure 5. The distribution of equivalent elastic strain of
bottom-down drop
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Figure 6. The details of equivalent elastic strain of bottom-
down drop

3. Simulation Results

In the paper, five different drop cases defined by differ-
ent drop orientations are simulated to thoroughly investi-
gate the shock resistance of the whole packaged elec-
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tronic device. They are bottom-down drop, short-side
drop, long-side drop, short-side-edge drop, long-side-
edge drop and short-side-corner drop. For each case,
analytical results can be reported and discussed in term of
total deformation, total and directional velocity, total and
directional acceleration, equivalent elastic strain, equiva-
lent stress, energy summary, contact force etc. In this
paper, there is not enough space to list every result term
for each case, so some results will be chosen to be dis-
cussed as an example in what follows.

3.1. Equivalent Elastic Strain

The distribution of equivalent elastic strain of bottom-
down drop is shown as Fig. 5 and Fig. 6. For the middle
housing and bottom housing, the long sides suffer bigger
elastic strain than the other regions. At the main contact
regions, such as the bayonet coupling and coupling
screws between middle and bottom housings, the stress
concentration is remarkable. Besides, the contour indi-
cates the PCB plate, scanning head and stepper motor are
easily damaged during the impact. For the whole pack-
aged device, the Maximum elastic strain occurs at the top
left corner of the data interface.
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Figure 7. Energy summary

3.2. Energy Summary

The Energy Summary shows plot of internal energy, ki-
netic energy, hourglass energy and contact energy as
shown in Fig. 7. More attention should be paid to hour-
glass energy. When performing an explicit dynamics
analysis with reduced integration elements, it is always
important to determine whether hourglass effects have
significantly degraded the results. As a general guideline,
the hourglass energy should not exceed 10% of the inter-
nal energy. The hourglass energy can be compared to the
internal energy by reviewing [5]. Besides, the curve
clearly shows the energy conversion between internal
energy and kinetic energy as the shock processing.

3.3. Acceleration

Fig. 8 shows the distribution of total acceleration for
short-side-corner drop at the time 0.0152s after the im-
pact occurs. The contour clearly illuminates that the foam
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suffers much more impact acceleration than the scanner
and the impact acceleration of the scanner is generally
inversely proportional to the distance between concerned
points to impact point.
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Figure 8. Distribution of total acceleration

4. Experimental Test
4.1. Test Aim and Arrangement

The targets of the actual drop test using the real scanner
are to verify the reliability of numerical tools and model-
ing methodology adopted in this paper. According to the
procedures illustrated in GB/T4857.5-92 about transport
packages-vertical impact test method by dropping, five
different groups of dropping test including three different
faces drop, one edge and one corner drop are conducted.
The test equipment mainly consists of the drop test en-
ginery, data acquisition devices, data recording devices
and the sensor as shown in Fig. 9.

Figure 9. Test equipment

Before the test, ten strain gauges and three acceleration
sensors are equipped at concerned regions. Detailed in-
formation of these sensors can be found in Table 2 and
Table 3. Besides, more intuitionistic details are shown as
Fig. 10 and Fig. 11. For the experiment, a set of three
impact drops is performed for each impact orientation.

4.2. Comparison of the two Methods

The variations of the strain and acceleration at the certain
regions during the impacting can be recorded by the
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computer. These useful data are compared to numerical
simulation results now.

Table 2. The Location of Strain Gauges

. Details
Location —
Direction Number Type
sliding rod X 1 strain gauge 01
data interface Y 2 strain rosette 01
data interface z 3 strain rosette 01
PCB Y 4 strain rosette 02
PCB z 5 strain rosette 02
bottom housing X 6 strain gauge 02
middle housing z 7 strain rosette 03
middle housing 45° 8 strain rosette 03
middle housing X 9 strain rosette 03
platen glass X 10 strain rosette 04
platen glass z 11 strain rosette 04
middle housing X 12 strain rosette 05
middle housing z 13 strain rosette 05
“ght-m'i?](;le hous- X 14 strain gauge 03
front-mli?]cgi]le hous- z 15 strain gauge 04
upper housing X 16 strain guage 05
Table 3. The Location of Acceleration Sensors
Details
Sensor - -
Location Direction Number
1 (three-D) Foam z 1
1 (three-D) Foam X 2
1 (three-D) Foam v 3
2 (three-D) Left of scanner z 4
2 (three-D) |} eft of scanner X 5
2 (three-D) || eft of scanner \% 6
3 (single- Bottom of scan- 7 7
dimensional) ner

1) Comparison of Strain: The time-strain curve of
bottom-down drop is shown as Fig. 12. The maximum
strain of channel 4,5,6,7,10,12,13 is obviously bigger
than other channels. According to Table.2, this is gener-
ally consonant with the simulation result as shown in Fig.
6.

2) Comparison of Acceleration: The time-
acceleration curve of short-side-corner drop is shown as
Fig. 13. The maximum acceleration of the channel 1, 2,
3 is more than other channels. According to table.3, this
implies that the foam suffers more impact and this
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Figure 11. The location of acceleration sensors
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Figure 12. Time-strain curve of bottom-down drop
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Figure 13. Time-acceleration curve of bottom-down drop

3) corresponds well with Fig. 8. Besides, the total
acceleration of sensor 2 can be calculated: a o =
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(2.14%+1.77°+2.06%)">= 3.46g. While the simulation
result getting from the Fig. 13 is between 3.115g and
4.6079g, so the results abstained from the two methods
are very close.

The comparisons for other drop cases are similar to the
above cases. Although the results abstained from differ-
ent ways are not fully consistent, they generally corre-
spond well.

Conclusion

In this study, an advanced analytical simulation of the
drop impact of a whole packaged scanner was performed.
The shock resistance of the whole packaged electronic
device can be easily and totally studied from the result of
simulation. Also, actual drop tests using a real scanner
were carried out to verify the analysis results by compar-
ing the strain and acceleration at some certain regions.

In general, the numerical simulation results correspond
well with the experimental test results. Results obtained
from both analytical simulation and experiment show
that the PBC, platen glass and the contact regions be-
tween middle and bottom housings tend to be easily
damaged during the drop impact. Besides, the accelera-
tion got from the both two methods also basically corre-
sponds well. The correlation between the simulation and
experiment demonstrates that the numerical simulation
method is reliable in investigating the impact properties
of electronic device packing. So this numerical method
can also be extended to other electronic devices such as
mobile telephones, portable computers and digital cam-
eras. And this numerical method can also be used in the
new product designing to reduce product development
cycles.
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