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Abstract: Contemporary products are subjected to increasegiirements for reliability and safety that
reflect as new standards and norms. The developafenimerical techniques based on virtual prototyp-
ing technology facilitates their application in ade variety of new designed products. Implementing
tual prototyping in product development procesaltssin reduced time/money spent for this stage as
well as increased knowledge about certain failurechanism. So called “drop test” became nearly a
“must” step in development of handheld equipmemiictv could be very time-consuming task because of
its nature. This study aims to present a simpliipgroach for fast design verification at its easkage —
before final verification of the product and itsadmnentation. It uses a quasi-static analysis apphotm
solve a typical dynamic task, instead of usualiekpdynamic procedure, which is related to timen€o
suming nonlinear analysis. This two-step approasiolves initial analysis to calculate dynamic fasto
for a final steady-state static analysis that résuh sufficient like accuracy data. Two major adizges

of this approach are the decreased overall simataitime — reaches more than 10 times reduction in
some cases — and avoid of nonlinearity that co@dlrertain error source. Certain example is shown,
based on a research study of electronic devicgesubf impact loads during drop test
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1. INTRODUCTION understanding of the underlying physics and alldfes
user to check rapidly the influence of specific grae-
Qers. The numerical simulations are also very usefu
design since they allow the influence of modifioas
and different parameters to be assessed, diredgtlyput
rEpending time on prototype manufacturing.

The analysis of a drop test is a highly nonlinead
dynamic event and it is difficult to prove the acmy
and completeness of the results. The drop teskig v
complex to analyse and computationally extremebtlgo

P PDP) invol ) | . fich since it involves large deformations, dynamics arade-
rocess ( ) Involves experimental testing, WREh o) aijyre. The tools for impact analysis haveveleped
high cost and time consuming process. Design detail

b idered based hvsical 20 = significantly and numerical simulations are now -per
cannot be considered based on physical testing &s 1 ¢, 04 pefore performing required experiments |2, 5
difficult to measure responses at any locationseeally Usually, these numerical simulations are based on
for small regions. - s ; . .
: _ . explicit nonlinear simulation techniques. Theseetyf
V!”_“_?' Prototypmg (VP)is a technplogy th‘?‘t ofle analyses could be very time expensive and requve p
pqssmllltl_es for_hlgher level O_f exploratmn_ofymcs-of erful computing resources. Additionally, becauseitsf
{%ure. SlmulatlofnT of Iﬂ;e fgmu_re mechanlsm, bhgﬂ nonlinear nature, performed explicit analysis cogide
P, are a poweriul tool for design improvement. I58C  oqjt5 with certain inaccuracy. The detailed otffata
S|mulat!0n has OT course the advantage that thefooa is not necessary usually just for the performedigmes
numerical test” is S|gn|f!cantly '°We.r th"%” for awtual check. Preliminary simulations (at conceptual model
drop test, but the numerical simulation gives aldzetter stage of the PDP), or even some final design sitiouls,
could require fast and cost effective solution eatthan
detailed, exact one. Possible way to solve out fhidb-

Electronic devices have been developed in a wid
range in the past years, especially portable, Haaid
products. They are easy to handle and use but hak a
of being dropped more often. Thus, the most commo
failures are due to drop impact. Contemporary pctsiu
are required to withstand such type of loadingeatls,
described in international and local standards.sTHtop
impact becomes a must evaluation for reaching bhlada
item design [4]. Usual stage in the Product Develept
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the ground. The approach is presented in detathén results data. Thus, overall number of performedyaea
current study, based on an example of impact aisabfs s six.
electronic device [1 and 3].

3. FESIMULATION MODEL

2. SIMULATION APPROACH An existing design of POM housing with PCB

The approach is based on the assumption that thmounted on it is examined, according to the gerdrat
complete kinetic energy is transferred in potergiargy  the design process documentation and 3D models (see
during the impact. It will be demonstrated basedam-  Fig. 1). The main goal of this study is to identifye
ple problem of free falling of an electronic devigehich force-deflection behaviour of mounting pins. Two aiff
has proper mass and rigidity distributions in thkare- four pins are thermally treated during PCB mountngl
ined geometry volume) from 1 meter distance. The ki are the main connecting links to the housing teatise
netic energy of a free falling body could be expegsas the PCB. The complete product is to be tested uimder

dependent on mass and height as is stated below: pact loads.
5 The existing geometry models are directly used for
E, = miv= _ mg FE mesh input. Received geometry models are imgorte

1) without modifications in the finite element modelknd
a mesh structure is built, based on them. Solidriedel
where: is created, using type of element with 20 nodesidiri
m = 34.1'10%g — the mass of the falling object (the n_ode on side edge) that allow more detailed_ bebavio
electronic device for current study): 5|mulat|9n. Contact elements are generated in cammo
g = 9.8056 m/&— gravity: boundaries between the PCB and the housing -
pins/holes and supporting ribs/bottom PCB surface.
Meshed structure is shown on Fig. 2 as to predent t
density of the mesh. The meshed structural moded co
tains 161 000 nodes and 70 000 elements approxymate
E, = 0334J. ) The materials used in the design are two typesM PO
— for the housing, and common for PCBs properties-(
terial FR-4), as its behaviour is not in the fo@ishis
study. Material properties of POM, used in thesprged

d = 1 m — travel distance, 1 meter for the curreat r
search.
Thus, the kinetic energy value will be:

The potential energy could be calculated as follows

E, = RA, 3) analyses are defined as follows: Young modulus:
E = 2.7 G Pa; Poisson’s ratipt = 0.34; densityp =
where: 1 410 kg/ni.
R — reaction force; MOUNTING PINS
A — deformation in reaction force direction. PCB : —
Generally, the directional structural stiffnesscen- \

stant and thus:
E,=FR/c (4)

where:

€ = Ruiia/Ainitiar 1S the constant directional stiffness of

the examined structure, determined by an initial

analysis.

On the other hand, both kinematic and potential en-
ergy are equal in the moment of impact and so the
needed acceleration, to be applied over examired-st
ture, could be calculated as:

2
RT=mEgm, 5)

where:
R =nmra (ais the applied final acceleration), or:

a= % (6)

So, performed assumptions require initial analysis
be run in each of the main 3 directions, with aggbli
sample acceleration, to find stiffness c of theicttire.
Next step is to calculate final required accelerato be
applied over the examined structure and to obtial f Fig. 1. Geometry model of examined electronic device.
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for initial acceleration value and the results are shown as
deformations in acceleration directions for bothizan-

tal plane axes ¥ andZ accelerations applied — on Figs.

4 and 5 below. These figures mainly shows the cbara

of deformation and also helps to determine thalitigiof
examined structure — in each of modelled directiohs
impact.

Thus, the results show the following maximal dis-
placement values for the main body of the casing:

e in-plane axes:

0 Yaxis— ¢ = 3.0810°N/m; ajna = 3 022 m/§

0 Zaxis— ¢ = 2.410° N/m; asng = 2 670M/§
 verticalX axis— c= 2.27-10° N/'m; agna = 2 594 m/&

Different values in certain directions in fact alee to
the different rigidity of the structure.

Calculated accelerations values are used as irgat d
for the next three simulations — each in separetelara-
Fig. 2. Generated mesh model. tion direction. The results of the performed neeasly-

state (impact) analysis, using determined in previstep

SECTION 5151 acceleration values along three main axes, are rslasv
equivalent (von Mises) stress distributions on Figys7
and 8.

All the three sides of the housing are examineceund
impact loads, reproduced by applied acceleratiabses
quently. Maximal equivalent stress for the in-plaa®
celerations directions occur in the pins (especiati
transverse direction) — about 8 MPa. Vertical diogcof
impact results in about 6 MPa. Generally, there rave
stress values over 10 MPa, and no critical behav®u
found for the examined design.
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ACCELERATION -0.064
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DIRECTION (IMPACT) o0
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0139
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-0.195
0214
-0232
-0.251

Fig. 3. Applied boundary conditions.

-0.288

The applied boundary conditions are shown on Fig. 3
They represent impacts at both horizontal direstisub-
sequently and additionally for the verticdl axis. The
degrees of freedom represent mounting of the hgusn Fig. 4. Transverse direction of impact; in-plane direction
its edge surfaces. The vertical support is apptiedhe deformations, m.
complete flange area, while in horizontal planeydmio
surfaces are constrained — one at each directibbcoA-

straints are unidirectional. b
Six analyses are performed as follows: e

» three initial — each in separate planar directiot ia
vertical direction — to determine the structuréff-st
ness in proper direction;

 three final — in both perpendicular planar diresio

-0.203

and in vertical direction too — to determine fistess
distributions at the moment of impact.

-0.353

4. SIMULATIONSRESULTS
Sample results from the performed first three analy

ses are shown. The performed simulations for determ  Fig. 5. Longitudinal direction of impact; in-plane diremtial

ing the impact accelerations in both planar dicewiare deformations, m.
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Equivalent (von-Mises) Stress
Mpa
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Fig. 6. Impact final analysis along in-plaiYeaxis: equivalent
stress distribution, MPa.

Equivalent (von-Mises) Stress
mha

48,871
5.000
4.667
4333
4.000
3.667
3333
3.000
2667
2334
2000
1667
1334
K 1000
B oeer
0334
0.000

Fig. 7. Impact final analysis along in-pladeaxis: equivalent
stress distribution, MPa.

Equivalent (von-#izes) Stress

=

Fig. 8. Impact final analysis along verticdlaxis: equivalent
stress distribution, MPa.

5. CONCLUSIONS

Dynamic behaviour assessment of a structure under
impact loads is typical nonlinear, explicit solutiprob-
lem, which involves significant project resourcd3em-
onstrated approach in this study uses linear teciento
reproduce same results and is based on simple t'wors
case” type assumption for energy transfer durirgek-
amined process.

Solution linearity decreases significantly needetet
and computational resources on the price of recgivi
worst scenario results. This allows multiple designi-
ants to be explored, without spending a lot of ueses -
both computational and human. Additional advantage
that nonlinear results accuracy very often is caaipa
to linear substitution model.

Generally, the proposed approach allows the designe
to evaluate even conceptual model, on its earlgestio
compare and to find optimal solution among conaurre
designs, on a very cheap price (time), comparetbin
ventional nonlinear techniques. This technique d¢dé
concurrent even in some final stage design assessme
especially for large assemblies, subjected on impac
loads, where ordinary explicit solution would be tex-
pensive.

Future work in this direction would include verdic
tion of the proposed approach by a standard ekplici
analysis and by performed experimental studies ther
same design.
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