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Abstract

Mobile electronics industry is attempting to reduce the size and weight, because of the growing needs for ease
of handling. According to this trend, concerns about the durability are also getting increased. For this reason, this
study includes the impact test and analysis for a mock-up mobile phone by using a newly designed drop impact
tester. The primary focus of the test is on the freefall and desired impact direction by the drop assisting apparatus.
The comparison of the assisted drop with the freefall was conducted to confirm the little difference by the pre-test.
And the repeatability was investigated for the impact of the correct location and direction in repeated experiments.
The high speed camera was also used to monitor the impact behaviour and to record the displacement for velocity
measurement. Then, mock-up mobile phone was measured as a result of preliminary research in order to analyse
the behaviour of the actual smartphone in next study. Moreover, impact analysis at the same model and conditions
of test was conducted to compare the relationship between the test and the finite element model. The analysis and
test demonstrated that the analytical contact-impact force was similar to test results. Consequently, reliability of
drop impact test and analytical model was investigated by experimental verification, and it could be utilized for
development of new mobile electronics in the future.
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1. Introduction

Recently, portable electronic devices, such as
smartphones have gained popularity in the world.
Therefore smartphone design and production
technology is constantly being developed to meet the
needs of customer. The smartphone industry is
attempting to reduce the size and weight, because of
the growing needs for ease of handling. According to
this trend, concerns about the durability are also
getting increased. However, the short replacement
cycle and the weak structure on the shock has been
becoming a problem. The malfunction is easily
originated from the internal shock because that is
transmitted from the thin design without any shock
absorption.

In previous research, Goyal and Buratynski [1]
proposed that the test object was suspended onto the
guided drop-table in the precisely desired impact
orientation. Just before the impact of the drop-table,
the object was released from its suspension to
maintain the required orientation at first-impact. A
uniform rectangular bar with accelerometers mounted
at several locations. And specimen was drop-tested
using the above prototype and in free-drops. Kim et al.
[2, 3] proposed an impact simulation technique for a
cellular phone by correlating numerical results with
experimental results. The impact behaviour,
acceleration and potential failure were carefully
compared with experimental results by 2000 frames
per second (fps) high-speed photography. Zhou and
Yu et al. [4] investigated the dynamic behaviour of
outer case and a Printed Circuit Board (PCB) with a
pendulum string. The actual impact force pulses were
measured by Hopkinson bar in a dynamic test rig. And
a simplified analytical model was proposed to interpret
the experimental results. Karppinen and Li et al [5]
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obtained the direct applicable reliability information by
using board-level drop tests, in order to establish a
better understanding of the correlation between
reliability results obtained from board-level test and
product-level drop tests. Mattila and Vajavaara et al.
[6] provided goals and guidelines for the development
of a board-level drop test methodology with using two
bands for guide. Eight commercially available
smartphones from different manufacturers were
evaluated for their drop response. In order to form a
better understanding of what was causing the very
high strains, the drop response of one of the devices
was simulated by employing the finite element method
(FEM).

The object of this paper is to correlate the
fundamental issues relate to drop impact test and
analysis of the mobile device. Verification was carried
out both experimentally and analytically to prove the
issue of development stage. For this reason, new drop
impact tester which complies the free fall condition for
a precise measurement was proposed. Its
experimental verification was conducted by comparing
the impact force of the assisted drop and free fall, and
the repeatability tests were also verified by comparing
the force. Then, mock-up mobile phone was measured
as a result of basic research in order to analyse the
behaviour of the actual smartphone. To simplify the
velocity and the behaviour of drop impact, the high
speed image used in the tests. Moreover, impact
analysis at the same model and conditions of test was
conducted to compare the relationship between the
test results and the analytical results. Consequently,
reliability of analytical model was investigated by
experimental verification, and it could be utilized for
development of new mobile electronics. Furthermore,
impact behaviour of the internal components will be
studied by considering the mass distribution and
structural damping in the future.
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Fig. 1 Drop impact tester (Impact force sensor, High speed
camera and LED light)

2. Experimental setup

When dropping a mobile device on the ground,
Impact direction was very variable. Therefore, the
experimental measurement had problem because the
results were not repeated in each tests. To
complement these problem, the test machine which
assisted the drop direction was designed in Fig. 1.

The drop tester consists of air gripper and two
guide shafts. The air gripper can be fastened as to hold
the specimen during drop behaviour in any desired
orientation. A drop apparatus had MC Nylon bushings
which can reduce the contact friction force between
drop apparatus and guide with the grease. And drop
apparatus was fixed by the electromagnetic force at
1.8m height, it began drop after a block of the
electromagnetic field. During the test, the gripper
together with a mock up phone was fell, and it pass the
proximity sensor in the middle of the guide shaft. A
phone was released from the gripper by sensing and it
maintained a falling direction and free fall. The spring
and shock absorber was located on the bottom of the
guide shaft in order to absorb the shock from the drop
apparatus. Consequently, the phone freely impacted
onto the impact force sensor (PCB, 200C50) in a
desired orientation while the gripper falling down.

Moreover, the impact behaviour, deformation and
velocity was observed by the high speed camera
(FASTCAM, APX-RS) and LED light. The high speed
camera recorded the impact by shooting speed of
10000fps and resolution of 512x512pixels. A ruler was
used to measure the relative displacement and
velocity from the recorded image.

3. Pre-drop impact test
3.1. Assisted drop and free fall

To validate the new drop impact tester,
comparative test was conducted of the assisted drop
and free fall from a height of 1.8m. The drop height
was defined on the basis of the distance between the
specimen and the impact force sensor. A steel rod
specimen (dimension of 14mm, length of 10mm and
weight of 96.6g) was chosen because free drop was
hardly any chance that the mock-up phone may impact
with the sensor of the correct direction and location.
And the photographs taken by a high speed camera,
as shown in Fig. 2. The behaviour was same in the
impact after the griper release the specimen.
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Fig. 2 High speed camera image of drop impact test by steel
rods from the height of 1.8m
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Fig. 3 Impact force history for comparison of assisted drop
with free fall

The results of the measurement on the specimen
were highly matched, as shown in Fig. 3. From the
impact signals obtained on the sensor, the first and
second peak force of the assisted drop were very
similar to free fall. The peak force of Assisted1~3 are
14kN, 11.4kN and 13.3kN and Free1~3 are 12kN,
12.8kN and 11.4kN. The firs peak pulse width of
assisted drop is 0.234ms and free drop is 0.215ms,
respectively. Based on these results, the assisted drop
has little difference with the free fall. So, the possibility
that control the impact direction and location was
confirmed for the various free fall conditions.
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Fig. 4 Repeatability of drop impact assisted system of mock-
up mobile phone

Table 1 Peak force and pulse width of Repeatability test

Peak force(N) Pulse width(ms)
test1 857.0 1.054
test2 884.3 1.445
test3 844.6 2.028
test4 884.4 1.289
tests 872.3 1.133

3.2. Repeatability

To obtain the five results for the repeatability test,
ten drop tests were performed for each specified test
condition. The results of measurement that the impact
force history on the mock-up device were highly
repeatable, as shown in Fig. 4, and Table 1. The mock-
up mobile device (weight of 91.4g) dropped from the
height of 1.8m. Due to the specimen was broken
during the impact, the test3 data was different from
others at the peak decrease duration.

In the following, simple calculation was conducted
for verifying the test machine. The perfect rebound
was assumed from the same of the initial and rebound
velocities.

2Xv

(1)

tpulse

Where «a is the acceleration, v is the velocity and
tpuwise is the pulse width. The peak acceleration was
calculated as 9040m/s? from the velocity and pulse
width, Eq. (1). And the impact force was calculated as
826.3N from Newton’s 2nd law equation. Experiments
and calculations are well matched. Consequently, the
drop impact tester was very reliable but little
differences was shown by the assumptions. [7]

3.3. Impact velocity

The velocity test was aimed to investigate the
analysis conditions on the dynamic response of the
mock-up phone. Because the velocity conditions were
very important factor which affected the analytical
results. The mock-up phone was also used to measure
the velocity, and drop height was 1.8m, these were
same in previous chapter. The major concern was the
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Fig. 5 High speed shooting image of drop impact test for
velocity measurement
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Fig. 6 Finite element model and boundary conditions for
drop impact analysis

relative position on the ruler between 12cm to 13cm,
and the time was measured each of heights. The test
results shown in Fig. 5. A mock-up phone took the time

of 1.8ms to move 0.01m, so, the velocity was 5.56m/s?.

4. Comparison of test with analysis
4.1. Finite element modelling and conditions

In order to calculate the dynamic impact force of a
mock up mobile phone, finite element modelling was
conducted as the hexahedron and tetrahedron
elements, as shown in Fig. 6. The hexagonal mesh
was more appropriate than tetrahedron in the impact
analysis, because its reaction was more durable than
others. However, tetrahedral mesh with dimension of
2mm was used because the hexagonal element can
not be applied to curved surface. And the previously
measured velocity of 5.56m/s was applied to the
sensor direction.
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Table 2 Material properties for drop impact analysis

Elastic . . .
Part Material Modulus E(:tisson ([I)(Zr/]r?%/ \(/;/;e ight
(GPa)
Frame Al 60 0.33 2770 3

Display PE 1.1 0.42 950 8

Dummy
mass

71 0.33 2014 85

Force

sensor Steel 200 0.3 7850 38.4
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Fig. 7 Force history of impact test for mock-up mobile
electronics
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Fig. 8 Nodal contact force of impact analysis for mock-up
mobile electronics

The gap of 1mm was defined between the Mock-
up phone and sensor before the impact as the initial
modelling. Contact between the parts were modelled
using bonded contacts, while frictional contact was
used on impact contact surface between the frame and
sensor. The static and dynamic friction coefficient were
defined as 0.61 and 0.47, respectively. The material
properties were used, as shown in Table 2. This
analysis was conducted by the ANSYS LS-DYNA
software.

4.2. Impact force

The shock impact response of specimen was
characterized by measuring the peak force and
contact force on the test and analysis, as shown in Fig.
7 and 8. In the frame body, which was the key part in
the impact test, could experience contact and
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deformation. These are because the purpose of this
work is to provide analytical result for the development
of a new mobile device to determine the reliability and
to supplement the weak point.

The test and analysis of dropping mock-up phone,
it fell vertically in 20 degrees with the sensor surface.
From the impact signal in the test1, 2 and 3, the peak
force was 2,347N, 2,436N and 2,375N, respectively.
And the analytical results was calculated as 2,749N by
the contact force. Because air resistance, mesh
control and material damping were not considered, the
force results have difference of 363N. In the next study,
analysis condition would be more considered for more
accurate results.

5. Conclusion

In the present research, drop impact tester was
designed to perform repeatable drop tests with
arbitrary specified orientation and was verified by the
pre-tests. The comparison of assisted drop with free
fall were very agreed in a plot history (Fig. 3) and peak
force (14kN, 11.4kN and 13.3kN and 12kN, 12.8kN
and 11.4kN, respectively), and the repeatability was
confirmed by the force history of five tests (Fig. 4).
Moreover, the velocity was measured for verifying the
tests and using the analysis condition.

Further comparison between analysis and test
demonstrated that the analytical contact-impact force
was similar to test results. (Fig. 7 and 8) However, the
difference exists. They are caused by no considered
resistance, friction, mesh control and structural
damping. So, the more analytical study is needed for
more accurate results, in the future.

Acknowledgement

This work was supported by the National
Research Foundation of Korea (NRF) grant funded by

the Korea government (MISP) (No.
2014R1A2A1A10052344).

References

[1] S. Goyal et al., “Methods for Realistic Drop-

Testing,” International Journal of Microcircuits and
Electronic Packaging, 2000; 23: 1: 45-52.

[2] J.G. Kim et al., “Drop/Impact Simulation and
Experimental  Verification of Mobile Phone,”
Transactions of the Korean Society of Mechanical
Engineers, 2001; A: 25: 4: 695-702.

[3] J.G. Kim et al., “Experimental Verification of
Drop/Impact Simulation for a Cellular Phone,”
Experimental Mechanics, 2004; 44: 4: 375-380.

[4] C. Y. Zhou et al., “Drop/impact tests and
analysis of typical portable electronic devices,”
International Journal of Mechanical Sciences, 2008;
50: 905-917.

[5] J. Karppinen et al., “Shock impact reliability
characterization of a handheld product in accelerated
tests and wuse environment,” Microelectronics
Reliability, 2012; 52: 190-198.

[6] T.T. Mattila et al., Evaluation of the drop
response of handheld electronic  products,”
Microelectronics Reliability, 2014; 54: 601-609.

[7] R. Metz, “Impact and Drop Testing with ICP
Force Sensors,” SOUND AND VIBRATION, 2007; 18-
20.



