Reliability Sinmulation Method and System Field of the

Invention The field of the invention relates to a
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for Printed Crcuit Boards (PCB) assenblies and

rel ated equi pnment. More particularly, the invention

relates to a nethod and systemfor performng a

simul ated HALT test or other reliability or

verification test in an efficient, sinple, and
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span is one of the most important factors involved in the development of
electronic equipment. There is a continuously growing need in the
electronic industry for efficient tools for optimizing hardware design, in

terms of reliability and durability.

Almost any mechanical or electronic equipment is subjected to varying
environmental conditions, such as random vibrations, shakes, dynamic
shocks, temperature variations, etc. Such varied conditions may lead to
functional failures of the equipment. The designer, manufacturer,

supplier and customer strive to avoid such failures for obvious reasons.

For the purpose of determining the durability and reliability of

equipment, and in order to forecast and eliminate future failures, various



These tests may apply a variety of dynam c and thernal

| oads on the tested equi pnent, such as random
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vul nerabl e conmponents that nlly fail. One inportant and

nost accepted reliability test is known in the art as

the Highly Accelerated Life Testing (HALT). The HALT
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The use of a HALT test effectively increases the operation margin of the
product, creating a wider gap between the specified limits and the actual
operational limits. The HALT test is performed in a chamber which
applies vibration and thermal loads. Vibrations are the basis of most
HALT procedures. The vibration approach which is used by HALT is
special. Unlike traditional vibration testing techniques which use a
single axis acceleration or excitation at a given time, the HALT exposes
the product, which is mounted on a chamber table, to random vibrations
in six degrees of freedom simultaneously, ie., three translational
directions and three rotational directions all at the same time. In
addition to vibrations, some of the HALT test stages may apply other
loading procedures such as hot - cold thermal transitions. As said, the

purpose of HALT is to explore potential design weaknesses before



i ntroducing the product into real life operation. By

simul ati ng and accel erating the product aging, the
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identifies tinme-rel ated defe€is or design probl ens

that may otherwi se |ie dormant for nonths or years.

When the HALT test reveals faults in the tested
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procedures for performing such computer simulations. -One of the most
common procedures is the finite element technique, which can analyze
the tested equipment behavior under various dynamic regimes of
vibrations and thermal loads. The finite elements analysis technique can
handle several dynamic regimes, including: (a) shocks in which the force
or acceleration vary with time; (b) dynamic frequency or harmonic
response where the model is analyzed in the frequency domain; and (c)
dynamic random response where the model is subjected to a single-axis
random vibration which is defined in terms of PSD. The term PSD stands
for Power Spectral Density, or more particularly, to the power of random

vibration intensity in mean-square acceleration per frequency unit
(g2/Hz).



vibration intensity in nmean-square accel eration per
frequency unit (g2/Hz).- - As said, the HALT
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facilities and without a need to have the physical tested object.

It is another object of the present invention to provide a simulation for a
simultaneous multi axes loading test, which can be performed without
any need for physical testing facilities and without a need to have the

physical tested object.

It is another object of the present invention to provide a simulation for a
reliability test designed to explore operational margins of a tested
product, or to reveal the weakest components of the tested product, which
can be performed without any need for physical testing facilities and

without a need to have the physical tested object.

It is still an object of the present invention to provide such a simulation



It is still an object of the present invention to

provi de such a sinul ati onwhi ch can be perfornmed as
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product, for exanple, duringbthe layout or initia

desi gn stages, or when a physical prototype of the

tested product is not yet available. It is another
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whi ch includes conponents, conprising the steps of:
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L R
%ﬁ?ﬁoé@fﬂﬁﬂ’ﬁ&@ 48 of a PCB assembly which includes components,
comprising the steps of: (a) creating a model of the PCB assembly by
which natural frequencies and mode shapes of the PCB assembly can be
determined; (b) performing a natural frequencies simulation for
determining natural frequencies and mode shapes of the PCB assembly;
and (¢) analyzing said determined natural frequencies and mode shapes
and identifying local dominant oscillations of components, components
identified as having a local dominant oscillation in at least one of said
determined mode shapes are identified as components having a relatively

high potential of field failure.

Preferably, the method further comprises a step of pre-defining Mode
Shape Types and assigning a Threat Weight to each Mode Shape Type,



to determ ne the correspondi ng Threat Weight for each

conponent identified as having a | ocal dom nant
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shapes. Preferably, two or nBre Mode Shape Types
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limitations: (a) limiting the frequency range of natural frequencies within
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the simulation; (b) limiting the natural frequency simulation to a range
of a predetermined number of first natural frequencies; and (c) limiting
the method results to the finding of the first predetermined number of

components having a relatively high potential of field failure.

In one important embodiment of the invention, the method is used for
forecasting the results of a HALT laboratory test. In such a case, the
method may be calibrated to resemble a specific HALT machine of a
specific manufacturer, for better compatibility with a HALT test
performed by said machine. Preferably, said machine has specific PSD
loading regime curves, and said calibration is obtained by considering a

higher threat to componenfs having a dominant local oscillation which
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dom nant | ocal oscillation which happens to be within
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frequencies within said rel evant frequencies range. In
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In one aspect of the invention, the method may be used as a

complementary process to a HALT laboratory test.
Preferably, the created model is a finite element model.

Preferably, the created model includes modeling of the PCB components
leads. Preferably, the created model also includes modeling of the
soldering joints. Preferably, the model also includes modeling of coatings.

"

In an embodiment of the invention, the model is a "p elemen mesh.
Preferably, the entire mesh is a volume "p elemen " mesh. In another

embodiment, the model is a finite element "h" model.

Optionally, thermal aspects are considered.



di fferences nodel. In still another enbodi nent of the

invention, the nodel is a finite volune nodel. In
wa@riorhoasdt her enbodi nent of the invention, theChuged?/000295

is a boundary el ement nodel .-8Preferably, the nodeling

of some conponents is detailed and the nodeling of

ot her conponents is approxi mated. Preferably, the node
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to be anal yzed each presents strain energy vectors. In
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In still another embodiment of the invention, the model is a boundary

element model.

Preferably, the modeling of some components is detailed and the

modeling of other components is approximated.

Preferably, the mode shapes that are analyzed each presents
displacement vectors. In one embodiment, said displacement vectors are
spatial displacement vectors. In another embodiment, the mode shapes to
be analyzed each presents displacement vectors in only one degree of

freedom out of available-up to six possible degrees of freedom.

In another specific embodiment of the invention, the mode shapes to be

analyzed each defines displacement vectors in only one plane.

In still another embodiment, the mode shapes to be analyzed each



defined by exam ning two or nore of said vectors.
Preferably, the Threat Weight is defined by exam ning
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frequency simulation.

Preferably, a relatively high potential of field failure of a component is

defined by examining two or more of said vectors.

Preferably, the Threat Weight is defined by examining two or more of

said vectors.

In an embodiment of the invention, the creation of the model ignores
some of the components. Preferably, the ignored components are those
known as having one or more of the following: (a) extremely high
reliability; (b) a very small size; (c) a very light weight; (d) a center of

gravity which is very close to the board surface.

In an embodiment of the invention, the creation of the model

approximates some of the components. Preferably, the ignored



PCB assenbly, together with the PCB assenblies casing.

Optionally, the nodel includes an entire assenbly of
webk®@ectoxsd ¢ boards together with one or nore apdii/1L20074100295

parts. Optionally, sone of tlfe conponents are nodel ed

with their | eads andsone ot her conponents are

approxi mated. Optionally, said approximtion is

' Li [ t i t LG
PRaP Pt BitGe dtyP e S ARG IEN o Mgl HEoE blnife: (2

BkEre&RIP PREN L 8liABiaty;D®S @dve‘?? SRSl sﬂ)ép@? iaevee 1odtet weighn; (d)

as having a Il ow potential of field failure. Brief
Besotémef gnavity whishDsawingbosehotthe basrvdisngfece- Fig. 1
illustrates the steps involved in a hypothetica
simulation of a HALTtest; - Fig. 2 briefly

LAl | ' in: .
R L b e o
abntirthdtich eovtignsikew the anddeB "G’ in top and

perspective views respectively. Fig. 3c is a picture
showi ng the sane PCB in a perspective view. This PCB

i d.f | QN © . of
3 AL B RSP LR e SRR e Gleoh M e ARfgonted by
EYRE adriNedencBh aBatiiPutlbs PloABEHE the RGBS tdfdthe model and the

i so-surfaces and displ acenent magni tude defornmed shape
ehiffness edpéet nvaele), (Bitimalla seid Sphpoiowaktst coBimmpents are

Type 2 hayj ng.two nmaxi mal. centr al i.nts Pl and

ribreeepla B ElermegoRaTies Souhe moBeite 36 ihe BPerd et
shape views respectively; Figs. 6a and 6b are

di spl acenent magni tude i so-surfaces and di spl acenment
ygivrialtie theboand df shaPEB asssnblyspentdeled ysing a multi-layer

il lustrating Mde Shaloe Type 3.
laminate composite plate elemenit.

Optionally, the board of the PCB assembly is modeled using layers of

volume elements.

Optionally, the board of the PCB assembly is modeled as a single

isotropic layer.

In an embodiment of the invention, said model includes the PCB

assembly together with its enclosure.

In an embodiment of the invention, the model includes more than one

PCB assembly, together with the PCB assemblies casing.

Optionally, the model includes an entire assembly of electronic boards

together with one or more additional parts.

Optionally, some of the components are modeled with their leads and



Fig. 6¢c is an enlarged view of the displacenent

magni t ude def orned shape illustrating the Mode Shape
wayee/1®&15Fi gs. 7a and 7b show a draw ng of a PEBI/ILI007000295

top and perspective views rddpectively. Fig. 7c is a

pi cture showi ng the same PCB inperspective view Said

PCB "H' is used for explaining several of the

re-defipned Mode Shape Types; _Fi . nd : .
G551 ackhign: ShaRsrns | 508 ouppRbinitedie”, PHEhELY, | soid
Eﬁgrdgﬁﬁl(#ﬁ;d ngd Mps&cahape hdelite Fag®. c@apeRenfd without
show a draw ng of a PCB "C'" in top and perspective
wiisdingededcleadel y. Fig. 9c is a picture showing the
same PCB in a perspective view. Said PCB "C' is used
for explaining several of the predefined Mdde Shape

S;.+10s:q 10a an 0 LSl '
SERER ARl S E0Br At cBhPofhRs fGERoaH haHBased on
hgt edfisridifoedieantioing ad haiveng aflowhntehtipl et felnfailure.
gni t'ude defornmed shape illustrated in Fig. 10b; Fig.

11 is a displacement magnitude deformed shape view
illu ati ng .Mode h_ T Pe 6; Fig. 12 is a

b St e e R frog T e o=stffaces viewillustrating
YRdee Rendype 7; Fig. 13 is a displacement magnitude
Iso-surtaces illustrating Mbde Shape Type 8; Figs. 1l4a

and 14b are displ acement nagnitude deforned shape and
1 1 B P e A e hatioes FpRves ThighYRelesicar pan LA of 2
resPatiT Sty Fig. 15c 15 a bicturs snowng (he san
RPCBFidh ?Bfi%ﬂ?@jrﬂ]@olidaﬂw aiphigdn&cly' DTusitBahagddhel? m:?nngteps of
expl al ni ng several of the
the method of the present invention;
Figs. 3a and 3b is a drawing showing a PCB "G" in top and
perspective views respectively. Fig. 3c is a picture showing the same
PCB in a perspective view. This PCB is used for explaining several of
the Mode Shape Types; ’
Figs 4a and 4b illustrate the pre-defined Type 1 Mode Shape in
displacement magnitude iso-surfaces and displacement magnitude
deformed shape views respectively;
Figs. 5a and 5b show Mode Shape Type 2 having two maximal central
points P1 and P2 , in displacement magnitude iso-surfaces and
deformed shape views respectively;
Figs. 6a and 6b are displacement magnitude iso-surfaces and
displacement magnitude deformed shape views respectively,
illustrating Mode Shape Type 3.
Fig. 6¢c is an enlarged view of the displacement magnitude deformed
shape illustrating the Mode Shape Type 3;
Figs. 7a and 7b show a drawing of a PCB "H" in top and perspective

views respectively. Fig. 7c is a picture showing the same PCB in



predefi ned Mode Shape Types. Figs. 16a and 16b are

di spl acenent nagnitude iso-surfaces views illustrating
wobde/1®1spe Type 10; Figs. 17a and 17b show a PCHEHW20¢7/000295

of a PCB "E" in top and persjctive views

respectively. Fig. 17c is a picture showi ng the sane

PCB "E" in perspective view. Said PCB "E" is used for

descri bi sever .af vk edef | . .
Rgsreda T P DR P B P YRHRiRE everae ot he
| SO0 U drRERPMUdB Shdld Tobdsat i ng Mode Shape Type 11; -
Fig. 19 shows the PCB "F' nounted to a | aboratory HALT
rachigse, 8saasamsd ndb admed displabemshirunaignondef ifxanyfhees] ;views
- Figs. 20a and 20b sho e ravvi,?,g of PCB "F" in top

andlyeriestg theepta-goline §IvPed: 21 is a

pi ckur.e | eF o g | i
0! PhigkP o8 S 08 b SAIGEE ofia POB 90" 35 ol Al bERl e tive
Fi Ovieddbrdspedtivall @gedc 16 ewpihuse phbWiNg the ddihe PCB in a

model ; Fig. 23a I's a displacenment magnitude,
i sopenspéciees visvenPaidnBCH §€ ivzised far z3plaining several of the

di spl acene | tude, def ornmed shape views relating
to f@eﬁﬁﬁaﬁ\éa@‘%ghﬁe&%eﬁ rst natural frequency of
PCBrRigs” 10k dhd0b ré diiinéatent ila giatlitld dérmed shape views

i so-surfaces view relating to node shape of the second
nat llilustratimg WedeySkipePTRpe BY ; Fi gs. 25a and 25b are

nodg. shape vie relatin the third natural

rr efitenlh sppparged Vi obghs SplatdiBedh sty udy deformed
rel g]id;&g] - o4t h tural frequency of PCB "F";

Fig a z}\#}‘%tfze&g%flg?géh% € shape views relating to the

f-i f Fiy. nat igrabishl agnesndymapni?GBe "deforrkred shap8aje Shusimating

28c_are node shape views relating to the sixth natural
f r eMlodgc3hagre Pope 65

Fig. 12 is a displacement magnitude iso-surfaces view illustrating
Mode Shape Type 7;

- Fig. 13 is a displacement magnitude iso-surfaces illustrating Mode
Shape Type 8;

- Figs. 14a and 14b are displacement magnitude deformed shape and
displacement magnitude iso-surfaces views respectively illustrating
Mode Shape Type 9;

- Fig. 15a and 15b show a drawing of a PCB "D" in top and perspective
views respectively. Fig. 15¢ is a picture showing the same PCB in
perspective view. Said PCB "D" is used for explaining several of the

predefined Mode Shape Types.

- TFigs. 16a and 16b are displacement magnitude iso-surfaces views
illustrating Mode Shape Type 10;

- Figs. 17a and 17b show a drawing of a PCB "E" in top and perspective
views respectively. Fig. 17c is a picture showing the same PCB "E" in
perspective view. Said PCB "E" is used for describing several of the

predefined Mode Shape Types;



Fig. 29 shows the PCB "F" in a manner sunmarizing all

the failed conponents of Exanple 1; Fig. 30 is a table
W@ 0umaei12s ng the results of exanple 2; and - BPQI/II2007/000295

shows a specific PSD accel eri@ti on | oadi ng curve of a

specific HALT machine. Detail ed Description of

Preferred Enbodi nents As said, there is no finite

el nts _sol ver_gr equiyval ent sql ver_f. T .

o R cRnarE o S DL AL e AT ¥ hcos views
Si | trj 1{.PSD) in one axis, and

v\,hlq}:1 %@ﬁ{%pg;sﬁ@e%@gcy’ response, and dynam ¢ i

t r dfigl @9t shoedshe DCB i"H" oneusbedsto aidaboxatory Ak Tamachine,

no sinul ati on, sal ut, olﬁs for ?&LT ]gny ot her simlar
dy reseisnylagedin thesinHebrned kxasnelei bn | oads which are

apphi,gdosl Mulitae | e gl h®PerspRctive
o biel A PRa TS o B A PRI, B PR et
a 'ﬂb%ssiiegpé@we@ﬁ Fig. 2b¥é aysctuFbehbiidy tlks sameviBCBET";
the providing of a very conplicated regine of #92%28 on 1
t heFig: @@acillusiusites ai fiite glesnenin gb ipeslp O the Hao jexample

degr ees f.reedom si nul.t angqu L Aspyre that

an ngﬁr g%@ 1% PR a@?gur?@ﬁ‘fvs&or%aé(léﬁ)ﬁ%nag %g?én pr Z’par ed

whi pfy io3G] 14dedispldRetrdimAgaREdansh-shufaes siew, tandaFigs. 23b
requited physical and material properties, as well as .
boumsidraBccareddisparemend whgwituide defgrmed shape views relating

hypot heti cal sinul ation of test, | Qat al l

be o thegmoges aB%P? %}F‘i"rgﬂsot %%@t&eﬂ%?%oégiﬁmance

of | : isBl By t d
o B e e e oy
dy Nt e 6f the @ichnd nazarck] fhepiahcyiof PECBEFat ur al

frequencies of the prodyct [in Hz]; b. Frequgncy .
resBgrs @52 and 3581 mode ﬁb%@e é{lef‘%%a‘it‘j@ﬁ]@ﬁ &’e@ﬁ’oﬁgﬁd natural
anai‘t si s _of tf@gggﬁel to aunit sine load. This
analy4rE"ehg performed six times, one for each
of Fhe 28 Hdagideashgle Viesetkating to the fourth natural frequency
of PCB "F";
Fig 27a and 27 b are mode shape views relating to the fifth natural
frequency of PCB "F";
- Figs. 28a, 28b and 28c are mode shape views relating to the sixth
natural frequency of PCB "F";
Fig. 29 shows the PCB "F" in a manner summarizing all the failed
components of Example 1;
Fig. 30 is a table summarizing the results of example 2; and
Fig. 31 shows a specific PSD acceleration loading curve of a specific

HALT machine.

Detailed Description of Preferred Embodiments

As said, there is no finite elements solver or equivalent solver for HALT
yet, although there are solvers in the art which can simulate random

vibrations (PSD) in one axis, and which can simulate frequency response,



Hereinafter, as is customary, the six degrees of

freedomare indicated as follows: Tx - translation in
woernexasi on; Ty-translation in y direction; PCT/IL2007/000295

T2-translation in z directipp; Rx-rotation about X

axis; y-rotation about y axis; and, -rotation about z

axis; c. "Applying" PSD analysis on the finite

el ts nodel : In thi , . : .

g el/ne(hp]andsr%}ét mffr:apéw&ni a5 SHNG hsgasioy HoRBLrn Bicte! fre no
| 0 i i .

ey Buldm RSk 11 B stheodml Matuttrerere et

ihﬁ@lvfe% aABANREN IGSRONEEcaARd uppEed AgmubtartcoasiFSh stagethan
S ou.ld be performed six tinmes, one for each of the six
stegdieestiat, up tesismegredst freedares (1): The PSD
analysis results in an RMS stress tensor defining the
normal and shear RVB stress values for each of the six
’fﬁg %ﬁcﬁﬂﬁﬁ%?ﬂﬁhﬂ% SSHAEF simelalfin issbvisus: UBh® AT test
Stress vectors are indicated as follows: sxx

TRRIVEY tl8é reeeiding Xoftar eetyi ecomdicptecdhaegithe soff deads anythe
direction; sZz-normal stress_in.z directign, txy
%mmt, pihiclycinclugley Bandosy VRTINS 1HnEx %?Qessﬂfe%eedom
tangentia tress in x- e,
G ABERRG G- EBF 53l P} AiEacdid s glements mode
24 belR i FERARRIEISa rhésH of £G4 dedlclaméitsdvith all

e rate of sign change of the vibrations resulted
fé@malial ghp&Ral | and cychtesiaderppertiesri agi mgplhnas boundary
equi val ent stress tensor :. In thj.s ste her & |
mcgtxomf Aasheym inal entl: achuagbebRabHaRdelORel 4 U test
sai d.sepaf,ate, tenso t e ' !
By o A i BEPR sl Rl shORRY By PEiBHARScE 0 the
GANKL R He5@BAThe BRriReSlEMeME malelce each of the RVB
stress tensors is resulted froma different PSD val ues
ITE terms of s2/Hz as a function of the frequency.

er , CANA9L;s S fa Xape! ®asidabrt hay d ]
cpar‘rb O.%;? . 4 Sg@omﬁiDé?éﬁ) Txf%ligrecti or’?sadwnd 1E’SD iyn T}_r;mmm
di r egirh @tich, Bnd should find the natural frequencies of the product

[in Hz];

b. Frequency response: This step involves a frequency response

analysis of the model to a unit sine load. This analysis should be
performed six times, one for each of the six degrees of freedom.
Hereinafter, as is customary, the six degrees of freedom are
indicated as follows: Tx — translation in x direction; Ty — translation
in y direction; T; — translation in z direction; Rx — rotation about x

axis; Ry — rotation about y axis; and, R, — rotation about z axis;

c. "Applying" PSD analysis on the finite elements model: In this step, a

PSD loading curve in [g2/Hz] as a function of the frequency should
be applied to the model. The PSD (random vibration) analysis is a
kind of a post processing procedure of the frequency response
analysis. Again, the PSD stage should be performed six times, one

for each of the six degrees of freedom;



sxx2 TxPSD +sxx2 TyPSD (because these are RMS val ues).
This is the main reason why this step is only

wogponbmss cal ; g. Finding an equival ent stressPGUHI207/000295
This stress value is an equirsal ent scal ar of the
various tensor conponents of step (f). This equival ent
stress value, if could be found, m ght have forned the

basi sebor. 2, EolL O, nep 8t 4e. 231 el 8oy TARI e ddhcor

Ca””&éfnﬁ%g%%fﬁéﬁﬂbﬁr?d BEECRUMS QtrdsE & aRMR B 1e8%h of the six

val ues 1S originate roma different PSD value in
t er ngepRifrated AR rmlfsoc Hariniftehead iequebmyaryy the stress

conventional calculation using, for exagple, Von M.ses.
or Trasties Aypindiested oF follewsdxo- \M%W&Tprsé%‘ﬁﬁt@ x 17 &hion;

However, h hetieal |y, if,. h ' . .
Vol o ROHR) SEiseS R e girb i T o1 mOTHAL ArE8L i bl EPtion:

be fpund e COgHo .
ste p%( h) Sh%g&e Q&%Irn uﬁgta Posr;&%%‘%u%ﬁli] é{ t{;ﬁ%ﬁ&%gcgzn/ ga}%e:ag bl(gdr:lg@mal)

Ass lugﬂ'ra@ ixhhﬁi:z ;tlbﬁepf}ui-\shlean(tasigeesial)vsﬂe@ infy-gtdpng.ghnd;
cou sonehqQw .cul at | t h.. i. ,
prefsalsam‘ia@; Loiee oy SHgo T B s aeaiged to find the
cal cyl.at . f [.i i ar .
cal ot PERER hRRef G Gl S firaprt fERATLLR] [G0E o (o
;ﬂ :[Cg,aecfém?pg of st _(Ie_ﬁ (e), as well as the equival ent

SS O . '

Hin i .... ()1 ; S h%;_‘hg]_t%]sg?t;%res}gér%cltsua{ %eed to
calcyl ations. i _,. Ther g f
Co b8 QR eudy R s FERURE RSl et consors
L ggd%hatb%@ BPatNRLPOBYAIANE iSt ERPS (DAl dyipotisetierd step is

problematic, and generally cannot be performed, since each of the

RMS stress tensors is resulted from a different PSD values in terms
of 62/Hz as a function of the frequency. Therefore, one cannot say,

for example, that the combined RMS oxx of PSD in Tx direction and

oxx2| (because these are
TxPSD TyPSD

PSD in Ty direction is \/;xxz‘
RMS values). This is the main reason why this step is only

hypothetical;

g. Finding an equivalent stress scalar: This stress value is an

equivalent scalar of the various tensor components of step (f). This
equivalent stress value, if could be found, might have formed the
basis for a following fatigue calculation. Again, this hypothetical
step is also problematic, and generally cannot be performed, since
each of the RMS stress values is originated from a different PSD
value in terms of o2/Hz as a function of the frequency. A
conventional calculation using, for example, Von Mises or Treska
hypothesis will lead to wrong results. However, hypothetically, if

such an equivalent stress value (in units of N/mm? or equivalent)



properties of the materials involved, should al so be

taken into account while trying to find the life
w@pannéass gue results of step (h). Al the aboR€I/1L2007/000295

conplicated procedure may refd-ect the steps that have

to be taken in order to sinulate a HALT test, or nore

particularly, to provide the results of a HALT test.

However, . the performn f the above, pr dur ro .
equi Varkhtompkow e onady s pRxsRRs SPLERTS Peer fentipued
invoﬁxﬁﬁ kﬁpgthy, extrenely conplicated steps (of

whi ch E6He 4Are unsol ved yet), which result in

agcugHlcall dorapalklie iIda) Spanifrtiasd: Assoatinghivatdheagiivalent
and 1 naccuracies. Even if the procedure woul d sorghomh
though, as

be cempsevelie ohetareéal canldsemehays bepealpalsted K@

t ly | te.and .t heref | i
o S bt BAT5 EhE FRE B E TP IR gk con
knom‘oé?g;%%f&h Wyl pfé lé%ﬁﬁ&”&ﬁg‘hé Yeet@iTRti8heshduldn®low, while

t here sts any alternative procedure for obtaining
t he s@rsifdésngftle T tatstof( vhahgetofex@puiengas heell as the

| aboratory physical test itself). The presen
i nveﬁquﬁY@ﬁelstl&ﬁ‘résoﬁ wEeRIr @ho dERS ?@Euﬁf’)l @gﬁjrtoﬁﬁ? Hgacture

dt f hysi . i Ak
o mursep i ol faBONS of Bt S Bharatis BRI 2
siinuiTaki@al efffectie onrésetife ispuefistigne aleilgtionn The effects of
O kSR T LT an i
f d,i h . i :
ConpaFHEgH et oh HEr B CHRGS HBNvh PRl MR BE tefegp into
| MpoLL @Rint WwhBe BBLENS o Find 1R RleagRM fatipteNiesaltsdfesep (h).

not require any physical equipnent nor the tested
product itself, and therefore can be perforned as

| t the..injt,al f
Bl e Bheft compliatiad grosht Tt e wsiP BiEPEE st baye to be
RLRENGH GQUPLORIBRIAtR PEESET thBt, Yrh@bravdadtculblly, to provide

pr esent 1 nvention does not require wal ti ng fOI‘ a
rhys realltprofit at PR T otdse  davdvan] dhenperfdeming ofathy above

t th liability i [ whi ch hysi . HALT. t .
o s S Sl nGULC i B RIS Eal s T Sste o
000" SIS, | BER ALY Eniiokebd Lids AORRIA e are

unsolved yet), which result in accumulated analytical, numerical, and

other errors and inaccuracies. Even if the procedure would somehow be
completed, the results would most probably be extremely inaccurate and
therefore unacceptable. Said procedure is so complicated, that there is
neither knowledge of how to successfully complete it, nor there exists any
alternative procedure for obtaining the results of a HALT test (without
executing the laboratory physical test itself).

The present invention overcomes the drawbacks resulting from the need
to perform a physical HALT test, by providing a simulation to said
physical test. The results of the simulation of the present invention have

shown extremely high correlation to a real physical HALT test. The



desi gn and devel opnent. It has been found by the

inventors that said very conplicated, and at | east
w@20ovited1by hypot hetical procedure of Fig. 1 capChB.2007/000295

substituted with a significalt-ly sinplified procedure.

The present invention elimnates nost of the steps of

the very conplicated hypothetical nethod of Fig. 1.

ACe . y . ot
R
Moyt fasternghahbvil YorhpaPiken el a(réhl phivsioal HAJLD ¢estpand not
processi ng operations is perforned on the _nodal

dersl spartant the spetheddofidredpresent jnvantigpedoennet pequire any
failure predictjon r

steaf 1B TR R B Pr e oL AR, “BeRAEFPTS (A be
g%gﬁ%h%ﬁt %&?e%\ﬁf (%% dhe 1@3991&%%%???] Cfthe ?)%du((tgieveﬁdﬁment, or

SONEe are eti calf and cannot be

Ry ARG btheprdCtie stagtseofatie rodudtadeklofineht process. In
sinplification to the procedure of obtaining a HALT i
totlser wosds, tthe [nyesenti ingestipn|doeamoh requise Wik or a physical
However, a carefu xam nation of the princinpl .0f . .
ity Be8F Fratbli il Palich orive ophabPotfiafi) inquiry
RAi2h GAELPASLPHMIE Ro XAl diltPitHHRALIORE QUADIda{fofdbasting
i nvention: e explanation lies in the main difference
Heilwesn ahdecaeosiny dhewe at nidie MétyT)inited dstages exfi thes product
and the vibration regine of HALT. Each regul ar (not

1desTgn mobdesslopmands to sinmul ate specific

envi ronnental conditions, each havi ngspecific

direction, anplitude and frequency ranges. For

X R Beer? fHREEIHY ChESRVE0REs aBAt isadd ivery rnsilidated) and at
axis direction may represent a typical random )
deast paridlbnhypothetich prerediure of Fig.ohcenihs sigbpituged with a
rough road. HALT test, ont ot her hand, .tries to
SR ean By REESGRrobe S (e PR SRS Gy isteg most
LSt v d Phyb &Gl Fig. 1.
Bl e R ibpReREPhYb MR HCAT mathod of Fig
rRR9e8ing 1 HeXpaReheesvaitidd, ebddinss istep bAnawlsd lanalyeid (a) is
at sone stages, by adding sone thermal |oads. The )
dirfst eparfiemmed (sgrpiiac?) bMexsen reletmalyr simple weep (X) which
conservatiye testing regines is sifgnificant fronaq_othl .
t1ﬁgogf&\§|9 DrReessing operations 1s per. rmed on the modal analysis
results, leading directly to the final HALT failure prediction results, i.e.,
to the prediction of the failed components. In such a manner, the very
complicated steps (b), (¢), (d), (e), (©), (g), (h), and (i), of which some are

hypothetical and cannot be performed in practice, are all eliminated.

Such a simplification to the procedure of obtaining a HALT test results
looks impossible at a first glance. However, a careful examination of the
principles of the HALT test procedure leads to the theoretical physical
basis which explains the breakthrough of this invention. The explanation
lies in the main difference between the conservative (not HALT) loading
regimes and the vibration regime of HALT. Each regular (not HALT)

PSD test tries to simulate specific environmental conditions, each having



quantity aspects, as follows. Wiile dealing wwth a

conventional (not HALT) dynami c sinulation, there is
woeoornéasi i ve (one to one) rel ationshi p bet weePCT/2007/000295

nmodal anal ysis solution resdi®ing in finding of the

natural frequencies and ei genvectors of the nodel,

based on the equation [k]{u}+[mM{u"}=0 and between the

é}%d}fl@ydﬁ@é@t?oﬁohﬂiﬁlﬁﬁd@f ahfe fﬁq%ﬁc?ﬁﬂgé@' Ebr iskample, a
subjected to a dynami c excitation any ki nd, base

spedifie PS&juddddapphé¢d fwkramdlefién’ s afis (Iluéc}tlon{ fn}aw represent a
wherein [k] is the stiffness, matr he
o jaccelertion mr?eaﬁa&s%esz%ﬁmgirorpf ?%W}ra% PRe rough

%%2&1 Sléﬁ\Agff ot érg%tg? %tfl&gh%ﬁa p’ér?é:se {[ﬁ etlm\ﬁ? é{e%e t{eb’te}d bxsoduct

acceleration

UL Ghgr posElﬂﬁer@a§ OthOHAUIB shﬁﬁﬂa@és au prelct %&a&ﬁbpls)ﬁig Bigh

in case of conventi onal ynanlc si mul atlon I ncludin
acoelemtioonsibrRgions i imiwidé emplitudseendsspeachrin ranges, 1n six

RGrcRB s esiont STRB NGRSy oEnds B SUBE: a‘ags,?bﬁfeé%ng some
%Maloioa Qeqtlfeumfﬁr}? % & 8§c Uéltvcflebﬁ d| ngOJ[; %& the

esS of conventiona ana yses |nc u

Eéme@ﬁye rRstiapSeagimed isr aiaifedint éeporisth the afdality and
these cases, only those natural frequencies and
qeaatléﬁaépgéﬁ,m%@pwwose mode shapes match the
direction of the external excitation, and whose
vi brationfrequencies match the frequency of the

OVh8L BBLLiRY %H@ta' &E‘Weﬂ’mbhap &t EARAY QlyrArt R IREBE, there

excitation of the sinulated product, a participation

idhaio mhjektiva fonentever) weldtyordsap betvfesini dhe mbdeksemlysis |
However, a_dynam ¢ stimulation such as in a HALT, test

slutiont vesulting Andfindiagqftthe patural fraqugneiestanh §1genvect0rs

(0 copyel 1T SSIAM, S TURIFOUS]Ypal & WS GG aon

Yom an sing g ual 'y “i'hcr easi

d[%ﬂ@}%@j{u*}&@es upd® hi gBedvpded] s THhe resalils i ndgnamic
nam c excitation in which all dom nant natural
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[B){u} + [cl{u'}+[m]{u"} ={f}+ , wherein [k] is the stiffness matrix, [c] is the
damping matrix, [m] is the mass matrix, {f}: is the loads vector, {u} is the

displacement vector, {u'} is the velocity vector, and {z"} is the acceleration

vector.

The reason for the lack of direct relationship in case of conventional
dynamic simulation, including conventional PSD simulation is, because
in a conventional dynamic simulation the load is applied to the model in
a single axis at a predefined limited range of spectrum and amplitudes.
This is true for all types of conventional dynamic analyses including
PSD, frequency response, and transient response. In all these cases, only
those natural frequencies and related eigenvectors whose mode shapes

match the direction of the external excitation, and whose vibration
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PCB board and compared to other components. In other words, said
components have a dominant oscillation as can be observed when
examining various mode shapes corresponding to the natural frequencies
of the PCB assembly model.  Therefore, by using a short computational
post processing procedure [marked X) in Fig. 2], the solution of the
natural frequency problem (which is a relatively simple problem) leads

almost directly to the results of the extremely complex HALT problem.

Tt should be noted that the present invention can essentially be applied
to various products, for example, PCB assemblies together with their

enclosure or casing and other parts, e.g., a plastic housing or metal



circuit. Although the art some tines refers to the

termPCB as a printed circuit bare -board, the term
weaniieeishi s application also refers to a PCB BSEEIZDIN000295

inits wder definition as -80Dat ed above (i.e., a

printed circuit board including the assenbl ed

cp:rﬁonents or any other type of an electronic board
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or the purpose of this application the term"NMde
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in turn 1ggttac ed toqcheaboard.aY et in another specific case, a secondary

board with components assembled to it is attached to a main board via
spacers. Therefore, the present invention can be applied to many types of
electronic circuits and electronic boards in a similar manner as to the
conventional Printed Circuit Boards. It still should be noted that the
present invention can be applied to an assembly of more then one PCB,
and their corresponding structure or chassis or basket to which said

PCBs are assembled, all analyzed together.

The method of the invention generally comprises the following steps:

a. Mode Shape Types Pre-Definition: For the purpose of this

application the term "Mode Shape Type" is defined. The step of



hi gher |ikelihood of a failure, i.e., it is an

i ndi cation of a higher potential reliability problem
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type and the existence of a possible reliability

threat (i.e., design weakness) to one or nore of the

PCB 9ReB BTy gd bee-abARitich BRRMTE theAprb-dsfidBld dfasbssible

once. Once thisY%ePinition is made, it can be ué%d for

al | ¥MoBs SHapnTydesiign.tybes bbaeddec sleapéson eachh hatvimig specific

step, a detailed finite el ements_ nmesh nodel Qf the

anal ghazacteristins ot discnsses bglfeéaaft\?ﬁelfhe ddep h'§§0 ggvolves the

i ncl yde the boardqtselk, . wel |

comsbramaion JheThGR Wi eda o u i Trae fyFhveat
and fwekent [ gnaeeafiaiont e theMPRESSod 8R8SconSponent failure: a
Performng a natural frequencies sinulation: In this

st ephighenofhteaniVeight when hel®ed te peaohoporedt indicates a

resul ting jn finding the natyral . frequencies of the .
moderighek dikeldieo BF e b -l as %I‘?ab‘% cating ?fgﬁnblgher

o hoSSo BRRAE re BN brh IR Wb bRSATchp thilesfle dsiithtes

sha an o i'S cO

specfolri Sadhapdssible Mtﬂiéesﬁ}iﬁé el genthk uelatidhdHipugdtween this
t hroughout nost parts of this application the term

" PDnghapé"theeE&iSéeﬁQEOO% ai possthle ereliability derdati fieondesign
o] i sp|l acegent magni t ud i~ €. the def d .
S happakaFs iy oRauPh TR bf diet RERoptinshs TS step is
tran j ' t Bl ' ' :
%%@é&’a;f,ﬂal?% & H)éﬁflé&ro celOhe & nsgi%%%ﬁﬂiﬂefs' HERle, it can be

ext € e application, to I ot her
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step is generally performed for a typical_ relevant
b ibo dMcdeb arestaop i hie g, o TebaHeh S aglampiganesh model
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each natural frequency and correspondi ng node shape

f ounthodehhanab yistlade anded&e hyte acqpanit the tchmponget leads.

shapgs found in said.sinulation .wth [ .
C. pﬁerfrormmg a natural Sfjrequenmes simulation: (in this step, a modal

analysis of the PCB is performed, resulting in finding the natural
frequencies of the model, and their corresponding mode shapes. The
term "mode shape" usually refers in the art to the deformed shape of
an object, which is correlated to its specific natural frequency
(eigenvalue). Although throughout most parts of this application the
term "mode shape" relates to said conventional definition of
displacement magnitude vector (i.e. the deformed shape), which is
obtained from the directional translation eigenvectors, this term is
sometimes extended in the application, to include other eigenvectors
as well, as explained hereinafter. This step is generally performed
for a typical relevant predefined frequency range. The range may
typically cover the range used in a specific HALT test, or otherwise

be defined as discussed hereinafter.
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a. Mode Shape Types Pre-Definition

As said, for the purpose of this application the term "Mode Shape
Type" is defined. Various Mode Shape Types are defined, each
having specific characteristics as discussed hereinafter. As for the
term "mode shape" itself, in the following discussion, and until
otherwise explicitly stated, the term "mode shape" refers to the
spatial displacement (i.e. deformed shape) relating to a specific
natural frequency. As said, the method of the present invention is
based on analyzing the mode shape of each natural frequency within
a typical given range, and, based on each analyzed mode shape, the
method possibly provides a Threat Weight to one or more
components which indicates the extent of weakness of said one or
more components. More particularly, the method correlates between

the eigenvectors solution defining the mode shapes and between a



natural frequencies oscillations are exam ned. It has
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others. Mreover, by anal yzi%®y found node shapes and
conparing themto Mode Shape Types, it is possible to

reveal which of a PCB conponents will actually fail in
the §igbf yiandhesh g sﬁecﬂ?@(jﬁésmﬁzﬁﬁ@ﬁ@f@fa%,mw 144H %o a field
st ep, pes of node shapes and their correspondi ng
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| ocatedleashahes kmngithgilorcormsmhdﬁglgr ddireat Wsights are pre-
togeagfr ith the board. Mbdde Shape Type 1 has one

cent mﬁ‘g nt of maximal anplitude. The conponents

that nove together with the board are sone or all of

t he board conponents, depending on the size of the

osci Folbrinhgar age béverab bemilid oMudlebyShdyee | Typed oasd their
that Type 1 oscillation has a |ow Threat \Weight. Mre
par t beespandingylareat Weight. §igrerda apd dheshelia drawing of a

i s TAE sy pROaPRE S s R Tono e s AR Bleture
| SO- SHEWBLLEhE ARUPCBNG a perspective view. This PCB "G" is used
as an example, for explaining the following Mode Shape Types 1, 2,
and 3. PCB "G" is an example of a PCB which contains various
components. It should be noted that the Mode Shape Types names

and their order, as described hereinafter, are arbitrary:
1. Mode Shape Type 1: Mode Shape Type 1 is characterized by a

displacement of the oscillating board, which is vibrating, usually
at some kind of bending or twisting movement, while the
components located at the bending or twisting regions move
together with the board. Mode Shape Type 1 has one central
point of maximal amplitude. The components that move together
with the board are some or all of the board components,
depending on the size of the oscillated area. It has been found by
- the inventors that Type 1 oscillation has a low Threat Weight.
More particularly, Type 1 threat generally does not indicate

failure of a specific component. For example, Figs 4a and 4b



def ormed shape views respectively. Fig. 4a illustrates
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point P, while the 66.6%border. and 33.3%.bor.der of

the anm® imedrl paabisisras i HAWaLEd tg@ %t%ﬁr%gﬁn‘é%(’@ are

cont oureFnattzglty, fle (SRRCRERIKE op AR FRIGE S, the patural
al | therd aldryi RaIhd O1EES. STowi Blgeavdiiops aeesmeent relative
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P! ST A0 Yl 016 420080 Dol D43 ot e
first nghufighad 1QAERE Yintcaté® hoXHoulY A and B respectively,
which represent the iso-surfaces contours. It should be noted that
Fig. 4a (as well as all the following figures showing a
displacement magnitude iso-surfaces contour) was originally
generated in color, and the figure as provided is a transformation
from the color version. In the color version contour A is marked
using a red color, and contour B is marked using a blue color. All
regions within contour A have a displacement magnitude in the
range 0.66 to 1.0. All regions between contours A and B have a
displacement magnitude in the range 0.33 to 0.66, and all
regions outside contour B have a displacement magnitude in the
range 0.0 to 0.33. TFig. 4b illustrates the same displacement
magnitude of the first natural frequency of the board, by
displaying the deformed shape. It should be noted that the
deformation of the PCB is displayed in an enlarged scale, in



di spl ayi ng the deforned shape. It should be noted that
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indicate failure of a specific component. As a matter of fact, it has
been found by the inventor that Mode Shape Type 2 is even less
sever, typically, in comparison with Mode Shape Type 1, as it is
harder to find an actual external load that will excite the board

in this relatively more complex mode shape.
3. Mode Shape Type 3: Mode Shape Type 3 is characterized by a

pure dominant local oscillation (the term "local" refers in this
application to an oscillation of a single component, and "pure"
indicates in this application that only the component oscillates)
of a specific component. The rest of the board aﬁd all the other
components do not oscillate at all, and are stationary. It should
be noted that a local oscillation of said component should be
considered as pure also when there is relatively small vibration
of the rest of the board or the other components. Said small

vibration of other parts of the boards and of other components
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component mass participates in this mode shape vibrations; and

(d) the mode shape is rather simple, therefore it is very easily
dynamically excited, unlike complex mode shapes which are
practically hard to excite. In other words, when using a 6 DOF
excitation at a rather large frequency range, as performed, for
example, in HALT, this Mode Shape Type 3 oscillation will be
necessarily excited, leading to a significant fatigue to the
corresponding component, resulting in an expected failure of said
component. Therefore, it has been found by the inventor that the
appearance of a Type 3 Mode Shape is a strong indication for a
design weakness which is highly expected to be revealed in a
laboratory HALT test (though it is not necessarily a design
weakness in terms of a specific conventional one-axis-limited-

range loading regime). Fig. 6a is a displacement magnitude iso-



correspondi ng conponent, resulting in an expected
failure of said conponent. Therefore, it has been
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Mode Shape is a strong indi-2@tion for a design
weakness which is highly expected to be revealed in a
| aboratory HALT test (though it is not necessarily a
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range, etc.), according to a color legend, which is not included in
the figure, as it is in grayscale in this application. Fig. 6¢ is an
enlarged view of the region of the same component 44. It should
be noted that the finite element mesh is visible in Figs. 6a and
6c, and invisible in Fig. 6b.

4. Mode Shape Type 4: Mode Shape Type 4 is similar to Mode

Shape Type 3. However, in Type 4 a same component oscillates
in two or more different natural frequencies. Each of said
oscillations separately, is a Type 38 oscillation of the same
component, having a same oscillation direction, for example, a
bending x translation. As in Type 3, the rest of the board and all
the other components do not oscillate at all, and are stationary.
In other words, Mode Shape Type 4 relates also to a single

component oscillation similar to Type 3. It has been found by the
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5. Mode Shape Type 5: Mode shape Type 5 is similar to Mode Shape

Type 4. In similarity to Mode Shape Type 4, a same component
oscillates in two or more different natural frequencies. Each of
said oscillations separately, is a Type 3 oscillation of the same
component. However, the direction of the oscillation is different
in each mode shape, thusl each causing a stress at a different
Jocation within the component, and sometimes even the stress
type is different. For example, suppose that said component lead
is bending as a result of the oscillation. One mode shape may
cause bending in an x axis direction, while another mode shape
may cause a bending in y axis direction (or any arbitrary
direction). Typically, the maximal normal stress at the outer
fiber of the cross section of the bending lead of the component
evolves at different locations around the circumference of the

lead's cross section. Yet in another example, one mode shape may
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picture showing the same PCB in a perspective view. Figs. 10a
and 10b are the displacement magnitude deformed shape views
of two mode shapes, referring to the first (258.7 Hz) and the fifth
(722.4 Hz) natural frequencies of the PCB respectively. The
figures show a same component, in this case a crystal 75, which
oscillates at a pure local oscillation in each of said two mode
shapes, but in the said first of two mode shapes the crystal
bends, while in the second mode shape the crystal twists. Fig.
10c is an enlarged view of the region of the same component 75,
oscillating in said 5% natural frequency. It should be noted that
the finite element mesh is visible in Figs. 10c, and invisible in

Fig. 10a, 10b.
6. Mode Shape Type 6: Mode Shape Type 6 is a single mode shape

of a specific natural frequency, which in similarity to Mode



than of Mdde Shape Type 3. Figs. 9a and 9b show a
drawing of a PCB "C' in top and perspective view

wo empeexisvel y. Fig. 9c is a picture show ng theCEHIZE07/000295
PCB in a perspective view .3-gs. 10a and 10b are the
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component oscillation, i.e., a local oscillation, though not pure. It
has been found that Type 6 oscillation also has a very high
Threat Weight (Except if said merged situation occurs). Fig. 11 is
a displacement magnitude deformed shape view of PCB "C"
showing a single component, in this case an aluminum
electrolytic capacitor 80, which oscillates at 1399.9 Hz, which
happens to be the 11t natural frequency of the board. At the
same time, another region 81 of the PCB oscillates in Mode
Shape Type 1. It can be seen that the component 80 is deformed
relative to its original position. Since region 81 is at a totally
different location, far away from component 80, the Threat
Weight for component 80 is very high, same or close to as if it
would have been a Type 1 Mode Shape.

7 Mode Shape Type 7: Mode Shape Type 7 is similar to Mode




merged to a Type 1 node shape. The closer the

situation is to said nerged situation, the nore
walowrnexss Type 1 threat becomes, resulting in PEEIL2007/000295

reduction of the total Thredtl-Wight to a | ow wei ght.

Mode Shape Type 6 therefore relates to a single

corrponent osci I lation, i.e., a local oscillation,
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gglsgr Sg{%o DR %g’,t\ﬁ e Do MRyt 198 77 89S QhiliPhaPPeRs to be the
8t natural frequency of the board. The Threat Weight for said
components 85 and 90 is very high. However, it should be noted
that said components 85 and 90 oscillate in two vertical
directions (though it cannot be seen in Fig. 12). Thus, the Threat
Weight is slightly lower then a Type 3 Threat Weight. If more
components and more oscillation directions were involved, the
Threat Weight would have been considered even less high to a

certain extent.

8. Mode Shape Type 8: Mode shape Type 8 is similar to Mode Shape

Type 7. It is characterized by a pure local oscillation of two or
more specific components at the same mode shape (i.e., in a same
natural frequency). The rest of the board and all the other
components do not oscillate at all, and are stationary. However,

the oscillation amplitude of one of the components is higher than
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i nvol ved, the harder it beconmes to find an actual
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capacitors, which both
the oscillation is in the range of between 0.33 to 0.66. It should
be noted that the amplitude level comparison should be
examined carefully: In said example, both components 95 and
100 have the same geometry and mechanical properties (i.e.,
they have identical packages). When said properties are the
same, it is more probable that the component whose oscillation
amplitude involves a larger deformation (which means a larger
bending angle of the leads of the component in this example) is

more likely to fail, and it will most probably fail first.
9. Mode Shape Type 9: Mode Shape Type 9 is similar to Mode

Shape Type 4. As in Mode Shape Type 4, a same component
oscillates in two or more different natural frequencies. At least
one of said oscillations is a Type 3 oscillation of a component, yet

at least one another mode shape is a Type 6 oscillation of the



oscillate at a frequency of 1239.9 Hz, which happens
to be the 13th natural frequency of the board.
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significantly higher than tt#8-anplitude of conponent
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oscillates in two or more different natural frequencies. At least
one of said oscillations is a Type 3 oscillation of a component, yet
at least one another mode shape is a Type 7 or Type 8 oscillation
involving a same component and yet an additional component. It
has been found that Type 10 oscillation has a very high Threat
Weight, higher than Mode Shape Type 3, regarding the
component which oscillates in the two or more said natural
frequencies. Fig. 15a and 15b show a drawing of a PCB "D" in top
and perspective view respectively. Fig. 15¢ is a picture showing
the same PCB in perspective view. Figs. 16a and 16b are
displacement magnitude iso-surfaces views of two mode shapes
referring to the 6t (741.3 Hz) and 7tt (774.4 Hz) natural
frequencies of the PCB "D" respectively. The figures show a same

component, in this case a crystal 110, which oscillates at a pure



frequency of PCB "C'. Fig. 14b is displ acenent
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W@ 260300053Hz) natural frequency of PCB "C'. TheP¢T/QLeoe000295
show a same conponent, in th% case an al uni num
el ectrolytic capacitor 105, which oscillates at a pure
| ocal oscillation Type 3 in the 12t]| natural
frequengys @#ﬁléﬂox@_'ﬂ‘ﬁfeah'int BoWotENedtuRHI €requency, and at a
oscillation Type 6 in“the 11th natural frequency (the
!reg! on Mg&@ls&ea:pé Typei 8 (Typhis caseitbpethiernwith an aluminum
indicated in Fig. 14a as region 106). 1Q.. Mbde Shape

Type 1@leomelgtichapacttynslaom heHR @%‘i‘?ﬁql e aYeRynd 2

51225 WA S S T TR 32 S o

frequengi6s.4 Ahd 999k PNAsOin Mbde Bieddd AlypeNY twodor more
Type 3 osclillation™of a conponent, yet at |east one

anot lhe!rcomptmesita pecillateinm g peire loral My t®rost ilcegiginmatural
i nvol vi ng a sanme_conponent ., a et .an additi ongl .
(r:]orrponefﬁﬁquﬂc}’hago‘ﬁé‘é‘?r’f%ﬁjﬁﬂﬁﬂ‘i? SHARS %@p‘é’)s iﬁ'}eats?lalﬁ said
as a very hi Thr.eat . W&y T

Type. 3. Pl it g SRRt st PO TRl AP PE, JRP e an

the two, dMitioREE redlsalndiddushcy.r Bobascham ffigd thaa Byee 11
15b show a drawing of a PCB "D' in top_and perspective

vi ew r esgedltatiorelhps #sg.a yery high Thveat Wewhdviorheri@volved

same PCB i n perspective view. Figs. 16a and 16 —
dihspl a%ﬂ?nﬁénﬁgﬁdéﬁ%@}&&ﬁﬁw i SV oE ?{Zﬂeﬁr@geE mn
shapes fermn . : : dw3 45 Hgy

nat ur al {oi r (%%1 ﬁl e glrg S C011‘I§]"8t ﬁlee W#Céeﬁ)gﬂ%veggegt?él'vg%ﬁsﬁ ZE ibture
fi gur esglsheigatisa RBNROPIB) éntperspedthies vieas eFgsc rfat ahd 18b
110, which oscillates at a purelocal oscillation, Type ‘
3 in sadxe Mitplagemeat Mmeggitawley iscasigrfagess WpHe @hdpe mode

08, 2 e TSRS O D B TP r0oes o
fr equengy b AModEndnarss BOB "B rddydeti PRPTHY Higutds show

is a conbination” of
two components, in this case ceramic disc capacitors 120 and

125, which oscillate at a pure local oscillation Type 7 at each of

said two natural frequencies.

Of course it is possible to find or define other or additional Mode
Shape Types to the above list. Such additional Mode Shape Types
may be, for example, a combination of one or more of the above
Mode Shape Types. Of course, when defining such Mode Shape
Types, it is advisable to provide a Threat Weight also to each of the
additional Types.

It should be noted that all said Mode Shape Types and related
figures have been taken from real PCBs that were both simulated
according to the invention and tested by a laboratory HALT

machine. It should be noted that the correlation between said



Type 4 and Type 7. As in Mdde Shape Type 7 two or nore
conponents oscillate in a pure |ocal vibration at a
weenrvadnshat ural frequency. However, as in ModeCBH2per/000295
Type 4, the same said conpori¥nts oscillate in a pure

| ocal vibration, yet in an additional natural

frequency. It has been found that Type 11 oscillation
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"E" FarteR e@c&%}ﬂ@é SR Gl previdedVseretsaitet.i vel y. Fig.
17c is a picture show ng the sane PCB i n perspective
view. Figs. 18a and 18b are di splacenment nagnitude

i §O- ces views of two node shapes referring to the
7t M—%ﬁ@%‘—‘and the 8 (1096.5 Hz) natural
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two conponents, in this case ceram'c di sc capacitors

120 antxt2%p MOCdreaSa:alﬂmteaebmentp uneddlof ébhe tested product,

oscillation T e 7 at each of said t nat ur a
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defi ne ot her, onal . ;
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for gxEplifeludes YHRh el B anaeitdcofonents.t Geneadadlye the
Mode Shape Types. O course, when defining such Mde
Shapeoimpprents t leadsaduiishbbdsot ober corteetly Trepsagented. The

Wi ght al so to_eac ofthe di.ti anal It shoul d
be n&DBArieRgE ohmpo a%ﬁ&}fé ﬂﬂ{@siyagﬁgh &, Py Cases
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si mula accor e invention and tested by a

I aboasatoﬂreyl tﬂ&—feéﬁ@iﬁfltm cotapshentsdodslla echd hiat ledds often
correl ati on between saidsimul ati on and sai d HALT.
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wi ePemg ri?svindﬁ'g %Et%l e %He%rts rnoéjeelI £& 8 4 Ipl%]pose of obtaining
correct representations of the components and of the board. The
elements may be, for example, line elements (e.g. Bar or Beam in
MSC.NASTRAN which is a very common commercial finite elements
software), or surface elements (triangles or quadrants), or volume
elements, or a combination of various types of elements in the same
PCB model. If combining elements of different types, which do not
match in number of DOF (degrees of freedom) per node (for example
combining a volume element of 8 DOF per node with a line element
of 6 DOF per node or with a surface element of 5 DOF per node), it
might be necessary to define the mathematical relationships
required between different DOFs of different elements' nodes, as
known in the art (e.g. Multipoint Constraint Equations in
MSC.NASTRAN), or to use other known in the art techniques to
compensate said DOF mismatch problem. When choosing the

meshing strategy, it is required to decide whether "h" elements



Havi ng defi ned once the Mbode Shape Types, and as
previously said, a next step is to create a finite

webk@nmaox1ss nodel of the tested product, i.e., OPCT/HN200PCB0295
assenbly. Mre particularly;3& correct, detailed and
accurate finite elenment nodel of the PCB is created,
wherei n sai d nodel incI udes both the board and its
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ele d
def Fﬁ%@%&@#ﬁ?&ﬁ%ﬁ flephite, Nl the S ABAER TRl dtselt,
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in the art (e.g. Miltipoint Constraint Equations in
VBC. NREGERARDapes/eigenviedort heamalyon iAn trhisrgpresentation  of

ey R S o
Sec ety ptgTeate! | nestoptnaspal L£)ugrPCs o
rret hgdnemltrh'@htrmﬁ,hleadfﬂortémea&tculrsteaddsﬂaeledckemmred solutlon of
' ner %ﬁes Irrr11ogdal analysis. An example for a suitable element is a "p" type
tetrahedron (pyramid element, 4 corners, 3 DOF per node). This
element allows the creation of volume finite elements mesh that
leads to a precise solution. On the other hand, an "h" type linear
tetrahedron is not recommended, considering the required accuracy.
The "h" type linear 4 nodes tetrahedron element is very common in
many finite elements pre processors in the market, but unlike the
"h" type linear 8 corner (box) and 6 corner elements (which may be
used, though meshing is considerably complicated), this element is
considered to be a "constant strains" element. The reason is that the
shape functions of this element, which expands the solution from the

nodes to the entire element space, are planar functions, i.e. the

displacement solution changes linearly within the element domain



t he polynom al order which defines the el enent shape

functions and the finite elenents solution. In "p"
woredonoe153 he nmesh remai ns course, but each el eP@&NIL20@n00295

have nore internal nodes, ingt-ead of splitting the

element to smaller size elenents. The approach of the

"h" method is that nesh refinenent is achi eved by
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t et r phaldenn Whermtit veitlo fmeettied ascaneingsanhdeahdlux element,

o 0 3oL el o B S BRI i clemen
o1 STRALS, RESpRRCASSAIE bithbes MRplEh. s Udiked Bl
ype lfinear 8 corner ox) an corner elenents
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conplicated), this elenment is considered to be a
" conshamealsones, eyendf dhe meshisevargdinm Thistingn example that

I SRGENC T SRR S
are planatt LHOCH BOSvolded. Hi\eever, a tetrahedron element which
is defined with higher polynomial orders (parabolic and up), has no
such problem of "over stiffness" and linear shape functions. Thus,
using a parabolic "h" type tetrahedron is a reasonable approach for
obtaining an accurate and detailed modal analysis solution. A "p"
type tetrahedron element is even better for obtaining said desired
solution, as it has some additional advantages. First, when using "p"
element, a maximal aspect ratio of 30:1 can usually be allowed
without affecting the quality of the solution, comparing to a 5:1
maximal ratio usually recommended when using an "h" element.
This means that the use of a "p" method leads to a more convenient
meshing with a smaller number of DOFs. This is important because

anyhow large models with a large number of nodes are expected

while attempting to generate such detailed PCB finite elements



di spl acenent sol ution changes linearly within the

el ement donmai n(the di spl acenent solution is defined as
wa@20o7nexass conbi nati on of the shape functions).Pdhii2007/000295

| eads to constant strains sol&itions in the el enent

domai n, because the strains are the gradients of the

di spl acenents in the axes directions. The stresses

sol ufogBl. M&%r'aﬂvﬁh@@@é’ bf eaaﬁig tige thrensdthad NSt course, is its

solution (obtained by nultiplying the strains tensor
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used |1 near 4 nodes tetrahedron elenment shoul d be
avoi usiag Heingle ﬁlenaenfe@]noaae‘éﬁ— orpseisentdon, imha sy hat one side

defin hh| r nmal ord ar [ic an
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type tetr on Is a reasonabl e approach for

obt abuiside é’IbeaC@fUtlaé erosssabtionl | @bviondy, ianal ysich easier to
sol uti on. type tetrahedron_elenent js even

bet t mes?rl&lu%maa» hegegisedihg typiged elpmenteanhe ratherlapge This

S0 2l S A28 e, by B e
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conparing to a 1 maximal” ratio usually recomended
V\hennuéuwgleannéljn be@ld@i@dﬂhp torg Bodmﬂwosm the sédiars ssfiming
2 pthengglggxq u!sgsae 2rr}e%tg qutjlg % f):o(i%gr?llla order up to 8), or 8 nodes
across the section (assuming the solver uses elements with a
polynomial order up to 7), etc. This is equivalent to an extremely
fine "h" element meshing. It is obvious that the solution obtained
using such "p" element can follow high gradients of strains across
the cross-section, for example, from a maximal positive value of
normal strain at one side, to a maximal negative value of normal
strain at the opposite side. This means that the meshing process of
"p" is easier, yet the solution quality maintains. All these are some
considerations for selecting the optimal element types and meshing

techniques, for the specific purpose of the invention.

As said, it is generally important to provide a detailed mesh of the



meshing with a smaller nunber of DOFs. This is

i nportant because anyhow | arge nodels with a | arge
woeoonee2163 nodes are expected whil e attenpti ngp@DIL2007/000295

generate such detail ed PCB-39-nite el enment snodel .

Anot her advantage of using the "p" method, of course
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node which is located at the center of gravity of the component, and
the node is connected to the board mesh using a rigid body element.
Yet in another example, the mesh properties (e.g., modulus of
elasticity, and mass density) of the board itself might be locally (or
not locally but to the entire board) altered to account for one or more
of such components. Yet in another example, a component may be
approximated by modeling it without modeling its leads, therefore
the contact surface between the component and the board in the
model is very approximated and even made to be completely
different then the actual contact surface (e.g. one single rectangle-
shape contact surface is modeled instead of an accurate

representation of the contact surfaces between the component leads

and the board), said approximation may be applied to components



"p" is easier, yet the solution quality maintains. A

these are sone considerations for selecting the
wopin7iredisel enent types and neshi ng techni ques, PEDIL2007#00295

specific purpose of the invef-ion. As said, it is

generally inportant to provide a detailed mesh of

t heconponent s, including the conponents | eads.
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are known to be extrenely reliable. Such extrenely
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conponents having a small size, a |ight weight, and

whi ch have a center of gravity which is very close to

t he hoar urfa
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representation, t rovide e stiffness.
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the Simu For exanple, a conponent m ght be
represented using structural elenents defini ng an
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of such conponents. Yet in another exanple, a
conmponent may be approxi mated by nodeling it wthout

modeld NG daky baRfsiont "@bREGSENts) applied to the model, should

represent a HALT test constraints, or other constrains as desired.

As known in the art, the terms "boundary conditions" or
"constraints" represent herein the manner by which the board is
attached to its supporting structure. Obviously, the constraints are
applied to specific locations of the board. It should be noted that
constraints considerations should be taken into account while
creating the mesh itself in order to ensure nodes existence within
the borders of the constraints locations. Constraints may be applied
to nodes at some or all of these nodes degrees of freedom, in order to
correctly represent the actual mounting of the simulated PCB. It
should be noted that for some purposes a free body modal analysis of

an unconstrained model might also be performed.



the contact surface between the conponent and the
board in the nodel is very approxi mated and even nade

wo eoobgoxehpl etely different then the actual coPtEDTL2007/000295
surface (e.g. one single recthkngl eshape contact
surface is nodel ed instead of an accurate
representati on of the contact surfaces between the
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shapes. Still another approach may be to combine said approaches,

for example, to extract not less then first 20 natural frequencies and
not less then all frequencies within the range of 0 Hz to 2000 Hz. It
should also be noted that if a "p" solver is used, it is possible also to
define at this stage the solution accuracy desired by setting the

convergence criteria.

The results of said procedure of the natural frequencies simulation
include all the natural frequencies in Hz within the range as
predefined in the set-up. For each natural frequency, the results of
said procedure also include a corresponding set of eigenvectors,
defining the eigenvalue solution for displacement at each node's
DOF, as well as other eigenvalue vectors, including strain energy,
strains, stress, etc. It is a common practice to graphically represent

a massive set of alphanumeric output of vectors. Such a
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may be applied to nodes at sonme or all of these nodes
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the actual nounting of the si2vwl ated PCB. It shoul d be

noted that for some purposes a free body nodal

anal ysis of an unconstrai ned nodel m ght al so be

per f QB REELAr Thnghe QRlbkloff IRAYLBELES istdRtich, QAll be
After 1Jggnprﬁetllooh of the PCB mg)del [ ng),% the procedure

cont dewesstrhtdd htveisaftpr.of perform ng the natural
frequencies sinmulation. As said, in this step, a nodal
anal ysis of the PCB is perforned, using a finite

el nt .sal ver, .resul ting. in fjnding the natural

frd: g heir correspondi ng node

shap@shed theshatilrd] B gueheids tahd ms86 Bhapepasd fduliel within the
procedure is well known in the art. This step is

genepeddefingdr Spacimunf ¢he aprogpilerd iy sbadurfor phedénahestep of
frequency, range. The ran may typical t not
neceggaer?é}Sy 283y deriving Paﬁéyswﬁéd‘\{ﬁfﬁq sgl ;yﬁét i%'}sc Stgr for each
t est e [ :

oo pafal ARy, P T0R Rbo R WiodD M und i the

ThusginhtietenMd asmparigbats rheds erith dhexsetash peddefined Mode
natural frequencies and node shapes within the_range

of 0Shizpe TvEBY thifindnvekdringphetowen Aremtof paid doppdgmode
the finite elenepts, selver to extyact redet erni

nunb&RaRgs £Rdsf Mﬂdﬁ?r &PFe X@ﬁ'cﬁié’s %“léﬁflg eXHipIPe ™ ncgﬁ, the
extr if i§ 8E0 &M B ST Eollection of all th
corr g@%%%@%r%hg?é’é%ﬂzgg@ké% ial?igﬁjanot her ap%r%ca%:or? (r)ra?/ ©
be t enqtlendliatesshysbsamhichchasspbnd texxdhhe mdde extpesdbund
not |ess then first 20 natural frequencies and not

| essin Kea sanplaticy roiet & alli the vlngeahlgrgapnants, The term

2000,Hz. |t .shoul d al sq, b t t O :
i s usg%l’xxere}bygsc%%gg)&%&%g Ig%%r%oﬁogc%aﬁﬁoﬁqeér{t% ttﬁFF‘n ?xgggl? Ig%@ Que to
the galighi RO RECHIAThe TSB! R dangslb! h T8 F8ilure, or a failure

convergence criteria. The results of said procedure of
t he datinged HAEGdesici es simul ati on

To summarize, the step of analysis and the deriving of conclusions
comprises of two sub-steps, as follows: (a) the comparison and
finding of matched Mode Shape Types, and corresponding
component or components having a significant Threat Weight; and
(b) the creation of a total list or graphical representation
summarizing all the components, if any, having a significant Threat
Weight as found. It should be noted that both of these sub-steps (a)
and (b) can be performed either automatically by means of software
examining the relevant eigenvectors, or by visually examining the

graphical representations of mode shapes.

It should be noted that it is possible to limit the analysis and the

deriving of conclusions to the finding of the first predefined number



include all the natural frequencies in Hz within the
range as predefined in the set-up. For each natural
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a correspondi ng set of eigemdectors, defining the
ei genval ue sol ution for displacenent at each node's
DOF, as well as other eigenval ue vectors, including
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a. limiting the frequency range of the natural frequency simulation;
b. limiting the natural frequency simulation to a predetermined
number of first natural frequencies; and
c. limiting the method results to the finding of the first
predetermined number of components having a relatively high

potential of field failure.

So far, during the detailed description of the invention, the mode shape
and Mode Shape Types were referred to as relating to displacements. In
a more specific manner, these terms were referred to as relating to a
spatial displacement i.e. the displacement magnitude deformed shape.

However, it should be noted that:

a. It is possible, and in some cases useful, to examine mode shapes
and corresponding Mode Shape Types referring to displacement

vectors in one specific degree of freedom, e.g., Tx — translation



summarizing all the conmponents, if any, having a
significant Threat Weight as found. It should be noted
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exam ni ng the graphical representations of node
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| be noted that in a similar manner these terms may likewise relate
in the context of the present invention to other eigenvectors
resulting from the natural frequencies simulation. Such vectors
may be, for example but not limited to, strain or stress
eigenvectors. In such a case, corresponding sets of Mode Shape
Types referring to various stress vectors, strain, strain energy, etc.
are defined. Thereafter, the analysis will match the observed mode
shapes (for example stress "mode shape™) to the corresponding
Mode Shape Types. Such stress "mode shape" can be graphically
presented in a similar way to a deformation mode shape, for
example with known in the art software tools, using iso-surfaces or
varying color views where different colors refer to different stress
value ranges. It is even possible to graphically present a "deformed
shape", by representing the stress levels values (which are

normalized between zero and one and then multiplied by a scale



So fa{_, duriﬂg the detail ed description of the
i nvention, the node shape and Mode Shape Types were
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speci fic manner, these termgp-were referred to as
relating to a spatial displacement i.e. the
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of the natural frequencies and eigenvectors simulation. Just as for
stress, same concept is valid for strain "mode shapes", strain
energy "mode shapes", etc. For example, a Mode Shape Type 3 in
terms of strain oscillations (or strain "mode shapes") may refer to
very high strain values at a lead or leads of a single component or
at the connection of said lead with the board, while the strain
values at all other locations within the model are zero or relatively
very small. Therefore, throughout this application, the terms
"mode shape" and "Mode Shape Types" can be interpreted in this
broader context (i.e., these terms may relate to analysis according
to the invention of any or all eigenvectors and combinations of
eigenvectors, e.g. strain, stress, etc., and not limited to
displacement).
d. The method of the invention may be performed in any of the said

forms, i.e., the basic form as described, any of the optional forms



may be, for exanple but not limted to, strain or

stress eigenvectors. In such a case, correspondi ng
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vectors, strain, strain enedgy, etc. are defined.

Thereafter, the analysis will match the observed node

shapes (for exanple stress "node shape") to the

correspopdi n e Shape Types. h f: )
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Therefore, the thermal aspects can be added to the method of the

invention. This can be done in several aspects. For example, in one aspect
of considering the thermal issue, a pre stress analysis can be performed,
to compute the thermal stress. Then, the natural frequencies simulation
can be performed using the pre-stressed model, with its updated stiffness
matrix. Another thermal aspect may involve the direct update of the
material properties, prior to running the natural frequencies simulation.
For example, the modulus of elasticity of certain materials which varies
with temperature may be updated to represent the temperature in which
the model is simulated for finding the natural frequencies. It should also
be noted that an extra refinement to the consideration of the thermal
stress aspects can be achieved by first performing accurate thermal
analysis for the purpose of mapping the actual temperature of each node

of the model. This can be done having the thermal properties, thermal



simulation is made by a relatively sinple post

processing analysis of the natural frequencies and
wee@enyasi ors sinul ation. Just as for stress, BEBE.2007/000295

concept is valid for strai n47rode shapes”, strain

energy "node shapes”, etc. For exanple, a Mde Shape

Type 3 in terns of strain oscillations (or strain
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invention that it may represent a relatively long lasting HALT test or a
severe-conditions HALT test involving high GRMS (Root Mean Square
acceleration values in g units) vibration combined with thermal loads,
and it is therefore an advantége of the invention that it can be sensitive

in terms of identifying failure of components without necessarily

involving thermal influence.

It should be noted that the fact that damping is not represented in the
eigenvalue solution, and therefore is not taken into consideration during
components failure prediction according to the method of the invention is
not a problem in the context of the invention, because: (a) damping is not
significant in random vibration and therefore is not significant in HALT

(unlike frequency response problems where it is extremely significant);



defined for each of the nodel materials. Actually,

said nodel is "overqualified" for the thermal stress
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frequencies sinmulation are -g8ch higher. Therefore, the

thermal aspects can be added to the nmethod of the

invention. This can be done in several aspects. For
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dxampledl t o the present invention: The anal ysis
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sha %%rﬁ?ﬂle%loﬁ{ 6SRBRF 38y Modewabanso twheated ddtoding to the
invention. Fig. 19 is a photograph showing PCB "F" mounted to a HALT
table of a HALT test machine manufactured by Screening System Inc. in

a manner in which PCB "F" was simulated.

In order to simulate the PCB "F" for HALT according to the present
invention, a 3D solid model of the board and its associated components
was created. Then, a solid model of the entire assembly was generated.
Figures 20a and 20b show the drawing of the solid model of PCB "F" in
top and perspective views respectively. Figure 21 is a picture showing

same solid model of PCB "F".

Next, a finite element mesh for the entire assembly (of PCB "F") was
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tdrc]aztreer;agf fggec(ljoerglcgrelgtraint (all translation DOFs) was applied to these

nodes (24 nodes, i.e., 6 areas, 4 corners in each area).

The entire mesh of said model consisted of 18259 elements, and an initial
amount of 334875 equations, referring to 334875 degrees of freedom

(initially, all the elements' polynomial order was 3).

A Pro/Mechanica solver (by Parametric Technology Corporation) was set
to extract all natural frequencies at a range of 0 [Hz] — 1500 [Hz}, which
was the required, predefined frequency spectrum. The convergence
criterion was set to be 1% for all natural frequencies within said range. A
convergence was obtained at a maximal polynomial order of 5, and a total

[{e 1}

of 385867 equations. Fig. 22a illustrates the finite element "p" mesh of



according to the invention). Al conponents identified
as having a Type 3 famly node shape will be

weongileased as conmponent expected to have fi el BCT/HI20aW®0295
problens. Exanple 1 A HALT t&5st of a printed circuit
board assenbly (PCBA) marked as "F' was perfornmed in a
| aboratory and was al so sinul ated according to the

LY 8 dePFigFROb id nichl@rgodalea FRp SN MtHREBode].
mounted to a HALT table of a HALT test nachi ne
manuf actured by Screening Systemlinc. in a manner in

%‘f,h?__%%g}"g %‘Eﬁé ﬁé@%}?ﬁn(géj ?g{ﬂ?ﬁgag ?51" rtl‘f? %ﬂ]ﬂ l@ %réﬂﬁation

accor esent 1 nvention, a

gDtEOIhedéotel esrh bhehdridrantheltien@ss aafbbtained. The 1st
conponents was created. Then, a solid nodel of the

saturgd faegemsly 5629 Jérichas bden Fognd ée h20a pawe loc] mode of
ow t he drawi n f th ol id nodel .0 CB "E" in to
THRe L L getr etk omarked HsrBentel Zor ovbich ' Sfbaker

t W ' i = X
Fiekl U PORURE, 0P B0V iAo Bhele dnanitpl “paggrtaces
nfode skeasy eiatedt sdid Ishhateed fpdqenalylof tshed BCP IFenBsrder A
as_well as the board itself, were meshed using a )
iwligakest efr dpeavefaces contewr nhavingh &3 €¢-6s| ot ithpamaximal

egrees of, freedom p e. The sh | ynom.al, o [
RISy TRRRIORED 1 i & o n A G M elBimea
ERANE Wiy oPEEELafe PORUGHERTEE EdrcyShbe sNBDE A Fig. 23c is
properties of the nodel, repreSsenting the correct
YauwrjaMedinies, foBasiagam theRatgian ofremspaeersi 135.etc., of
the board and each of the conponents, including the
correct properties for the conponents |eads were al so
Addslthwih int Fig. 2dxtinshep2tdh exdsuomldéregueneydi 19 AasHady @ Mode
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gheugharlkss @snfdant) € a component 131, which is an aluminum
electrolytic capacitor, was found. The border A which is located on the
outline of component 130 indicates that the displacement magnitude of
this component is in the range of 66.6% to 100% of the maximal
displacement magnitude of said natural frequency mode shape. Likewise,
the border B which is located on the outline of component 131 indicates
that the displacement magnitude of this component is in the range of

33.3% to 66.6% of the maximal displacement magnitude of said natural

frequency mode shape.

As shown in Figs. 25a and 25b, in the 3*d natural frequency, 814.1 [Hz], a
pure local vibration of Mode Shape Type 3 of component 130 was found.
With respect to component 130, and together with the previously
discussed 22¢ natural frequency mode shape, this is by definition a Mode

Shape Type 10.



The six areas of the board to which constraints were
applied in the nodel are indicated by cross hatching
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AadowneFantde, én the Htohasaial fregencyofdb gt Elz] ot pure local
18259 elenents, and an_initia é anount of 334875 4. With
sihratioons! MederFhane (lyrs3dsoh compraest or3y Masidaynd. Wi

G Ttk 5o, SR gL KRR MRt piShuceed
ge&m AL A3) MafeRRY Iﬁad@éltla tthi’é {s Agdiwr By definition a Mode

requencli es at a range of -1500 [Hz], which was
Shenpeclyper B@l, predefi ned frequency spectrum The
convergence criterion was set to be 1%for all natura
frequencies within said range. A convergence was
bt eigved imFigs. 12l aeed 2[Fb) yinidid &k mtjmal eqBienandl2p1.7 [Hz],
total of 385867 equations. Flgﬁﬂééf-A strates the t 135,
fai Made Shape ﬁft‘ypep WEEREON (RS %10“52 BPATRPFT

SRS B R T RER St g

tfnshat i 9Rssthtdd) Lol &k dbﬁ%ld%@@(ﬂ] a8fa YH}@)en@tmI(ﬁ@é shape), and
flrequenm es was Obtai ned. The 1st natural frequenc

56@10@1 13&pf REB 'Bé'ewar@tﬁsdnta)g@eeral frorelocadayibrpiden éwhlch is
3 of a conpo ed as ,copponent 125 -which

|k§’ %S%éﬁké‘fhe(%’é@ ¥Rp. 1 moge Sgg elhows a

di spl acenment nagnltude I So- surfaces nDde shape viem10f

said 1st natural frequency of said PCB "F". Border

i Aoslskbate in Righ s2Bes an fl K8bs1rc tine 6% nhtuAad ér%qv@@cmy&%‘ﬂ 9 [Hz],

R Rl s
]\&tlt natyral tU?%‘lHer‘ié{ wr tﬁ@@p&@qﬂg@ r ¥k tBe Previously

rgéd Vi ew T ocusi e regi on of conponent "125.

AR seIR8A 5 nktgral e éhc!yhﬁoaél dhapé utldk i§ bgqlefityion a Mode
796.4 [Hz], a Mobde Shape Type 8 with a pure | ocal

ddlsmpeafgpeft of a conponent 130, which

This is the last mode shape (i.e., the last natural frequency and
corresponding mode shape) in the scanned frequency range. The results

of the simulation according to the invention are summarized in Table 1.

PCB'"F"
Natural Frequencies in
which a failure has been Mode Shape Comp.onenij,s. that
identified T were identified by
ype .
Frequency the simulation
[Hz]
Number




is a ceram c disc capacitor, together with a pure
| ocal displacenent, though |ess domnant, of a
w@eospoomss 131, which is an al um num el ectr ol yrECTIL2007/000295
capaci tor, was found. The bdZ2der A which is |ocated on
the outline of conponent 130 indicates that the
di spl acenent nagnitude of this conponent is in the
r ange ot 6869 to—1QQocof rhe TgxT mat [ar spra nt
magnitué@f'gf said n kgtr’ural frequ%cy ngde shaggge
Li kew Seggfne for dernd Whilch Ts g ocat gd on thggoutline
of conponént 131 indicates| that the dijspl acenent
maghi t uge4.af this cgmponent is in the |[range of 33.3%
to 6 0 i i cepent I-nnnnfnmle of—sai-¢
nat ur al 796dquen AS shown in Fi g8l 252
and| 25b thg 3rd pnatural freqguency,l 814.1 [Hz], a
pur ¢ Ioc%# Vi briat i oﬁj'rthof Mode Shgsge Type 3 of
. CONpO 1430 |was Tgaund. th rgespect| to conpgnent
130, and together with the| previously |di scussed 2nd
nat yr al1347%e9uency mefe shape, tHs is by definition a
Mode—Shape TFype 10-As—showh—in—FH-g—26—nRr—the4th
natural frequency, 845.7 [Hz], a pure local vibration
of Mode Shape Type 3 of comsleent 131 was found. Wth
respect to conponent 131, "and together with the
previ ously discussed second natural frequency node
i[gaé{%grﬁatﬁz% is again by definition a Mbdde Shape Type
hown in Figs. 27a and 27b, in the 5th natural
fOeapemit, 1252%1%31‘6 Wd1gh’aTbrbdé3 Shape Type 6 vibration
was found. As shown onent 135 his
{Goanponangr 13¢5 B‘MP%W té&menéﬁt (de%@%i 9% b &pTaination of

T Honle B s %M%d%%la%p%ﬂ‘g% P 2t Togi on 136 of

RfeBnpbnet DBaL Ghrbat JVEigheBypd rmn(deeﬁma;d) a¥idrcatibdnation of
which is by itself i.e., when isolated, a Type 1 node

MagePhape Tsalp@v&andl\%@esShaﬁaTa'@a 38b, in the 6t _
oot Gs reet WL Tvah iR aBd S L CppiAtict bPMode

Shape Type 6 and Mode Shape Type 3).

Fig. 29 summarizes and shows all the failed components that were
detected by the simulation according to the invention. The figure shows a
superposition of the above results relating to components that were

detected as having a high Threat Weight.

As said, a HALT laboratory test was also performed on the same PCB.
The laboratory HALT test has detected the failure of exactly same four
components 125, 130, 181, and 135. This example shows a 100%
correlation between the simulation results and the HALT laboratory test

results.

Example 2



Wth respect to said conponent 135, and together wth

the previously discussed 5th natural frequency node
webapa21shi s is by definition a Mdde Shape TypRCBIL20#T®0295

is the | ast node shape (i.e53-the |ast natural

frequency and correspondi ng node shape) in the scanned

frequency range. The results of the sinulation

accor di to the i i ' '
Fles oFaTmig (OO RER i CPBLLP rOMATEn THATY) (e Redeh were

has

been en t d . <@
PREGTRIZATLG, LB e psciomyd o s o
Nyphgiohabhe dinfelasionmarceerdifpnpontnt I¥Entir eahich were

Imn%ﬁgﬁs;heco gggﬂf@rﬁé&l\%&&%ﬁ&iil%%g%,}égoratory
QI dardel. Sk R PR b e et o b Pnd is
gpe((jg Ly, nggeﬂ_)ﬂ?@_@)la STATBRNGMicH RPacctbdited bYWAZIDA (Ryperican

as a conbi nati‘on of Mode Shape Type 6 and
Nagksei Shap €or I pdoBdtorfesgAc@8diating).i Pes taﬁ@dgﬁﬁﬁ egmprised

the failed conponents that were detected by, th
of vautiets ohbearddyars §aveng KaTIPRY ahBROSTHE F&*& Jpgel mumber

BbiBReRELeTRA hor s AR G Rals PRl Bl kange
Y6 ght 6 DOF vibration of the HALT chamber was set to be 0 Hz to 2000
Hz. The report of the HALT laboratory tests indicated a failure which
varied from one component per board to 9 components per board. The
total number of failed components in the HALT tests of all 10 boards

together, was 54 components (out of 1488 components).

A simulation was made on the same 10 PCBs according to the method of
the present invention. The simulation range was set to be 0 Hz to 2000
Hz. The analysis results according to the invention indicated failure of
50 out of said 54 components which failed in the HALT laboratory test,
ie., 92.6% of the total number of components which have failed in the
tests were detected by the simulation of the present invention. In
addition to said 50 components, the simulation has detected 19
additional components (in all 10 PCBs together). In other words, while
the HALT tests have detected 54 failed components (3.6% of the total
1588 components) the simulation has detected 69 components (i.e., 4.6%
of the total 1588 components). Out of said 50 components detected by the
simulation, 11 were detected within a frequency range of 0-500Hz (i.e.,
the natural frequency of the mode shape that matched a Mode Shape
Type having a high Threat Weight was in this range), 23 components
were detected within a frequency range of 500 Hz to 1000 Hz, 12
components were detected within a frequency range of 1000 Hz to 1500



As said, a HALT | aboratory test was al so perfornmed on
the sane PCB. The |aboratory HALT test has detected

wao b@7fiedibur e of exactly sanme four components 1PGI/IIR8E/000295
131, and 135. This exanple saows a 100% correl ati on
between the sinulation results and the HALT | aboratory
test results. Exanple 2TMs exanpl e conpares the

o ok 55 e S b OEEL Y il o
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€ perfornmed on sane PCBs. Said PCBs were

t8stReidnamd i Johpheiseh oo YhotLALT tests. , |srael, which
I's the largest HALTl aboratory in Israel, and is the
only Israeli HALTI aboratory which is accredited by

A2LA ( ri can Associ,ation for. L ' :

e P GePn paseHhgny B SRR TARRBRb o3RI, be gpgible to
UhpREE iR hainanog ey aepanag of Thew o s
CUPSMSD s mpbhents; emlgrcyeradgectet withine HEmuency range of

vi bration of the HALT chanber wa t..t . .
3500 ¥ lotio0 Baoribanse i A P0ES B¢ o PR T pSvides in
I icated a, failure whi. [ .
SBi° Bo% & el Gl poe s e of the RERALALT BIRAS Mlalysls in
Cblfarlfngdfl 182 SomBerenietddied Bemighhdntse Reelwingithe *ange to 0 Hz

oards together, was 54 conponents (out of_ 1488 )
o rm@g_eniz syill fArttiemiedtice thewensitistyo thagobxinn, pet pissmay
according to th ' j
Gl eporidPkes RRse SEF o0 O LR b O 2 Ebe 50
anal ysi s, resul 3 [ : ' i i ndi
PRyt S5 MREAPbY e il Mo AKouRT sl E R that
ue%ﬂ&ﬁlﬁwﬁmbm Ah il Fesfuenicies. wer@2regUint fohshe puapose of
nunber of conmponents which have failed in the tlgahs .
wewveakieg saidkthiled cdmpenenisdni Haf bpe tlﬁeP%Bésgﬁl@ required
invention. In ition to id,50 co v
Ry S A L e
al'l;') RO sTririftio 206y REfihind PhOHREX WakEFal MBdéhcies, rather than
by defining a frequency range. However, the default reasonable
frequency range of the simulation is 0 Hz to 2000 Hz, which match the

frequency range used in the HALT laboratory.

As said, the analysis according to the invention revealed 50 out of the 54
components (altogether within said 10 PCBs) that failed the HALT
laboratory tests performed on said 10 PCBs. It should be noted that there
is a possibility that the failure of said additional 4 components in the
laboratory tests resulted from the fact that said 4 components were
damaged during production of their corresponding PCBs, or were
damaged during post production events (i.e., during shipping or usage
etc). By definition, the purpose of HALT is to detect design faults only. It
is a disadvantage of the HALT laboratory tests that production faults or

post production damages may cause components failures during the



the HALT tests have detected 54 failed conponents

(3.6%of the total 1588 conponents) the simnulation has
wa@ledoeaonss 69 conmponents (i.e., 4.6% of the totedT/IIR8&/000295

conponents). Qut of said 50-&oenponents detected by the

simulation, 11 were detected within a frequency range

of 0-500Hz (i.e., the natural frequency of the node

s gt 06 itesctegs Bigsebninns sochighe glarme
dehe6t asbunistnd arecelimiguedcy range of 500 Hz to 1000
Hz, 12 conponents were detected within a frequency

range of 1000 Hz to 1500Hz, and 4 nore conponents were
etected within a freguency,range of 1500 .,.200 .
A st gnavae heeis 1 kT don Al phdiidl g Go
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S S RO et (R i ppESits, wheh yrere
detqsd ikl leatiag daphi Tereal iWeighty Thesesldrabatponentowere not

frequency ran f 0 Hz to 1500 Hz. Qut, of 5 .
derpirbiom e FANB e asted Beipt A 1) Flouddged. itis

f ;1500 Hz 0 i . .
S S G Rl TR FE ), oo
lcRssLa58rOfsehBRiveenSitbii & ré¥edliify dBsibUSWeakAesREMDMmore

the nunber of detected conponents. Reducing the range
tcorpobient® il 20hpzrisenl to RultATEF labeitaderyt fests &l reagomg for

of . the solution, yet this stil,] consjdered as
Shiso Ppseiaron &ﬁ%’e?a)as % ﬁ%ﬁiﬁsﬁ@ oftes. JeRds 0 gpaaBgRents
re | £ S [
SRTBPB0A B kAL LG, 1857 s} st
e SOHENGIES MR BokeQbinheaechty willdaluEoeasecof HAIVErooglure
said fail ed components in 9 of the 10 PCBs. One PCB |
rigqin gederdle lddsekst definedt Thig nieaaguthrli hereTisehefomee right”
one may fjind jt itable . to set th Lmul ation
JEAY 16 Rerione HALEY tn e fahotptory (isralbahe mflpgse phife test
by tgegthgh%feaaﬁ& FOHE" '&%n% s fﬁlﬁ‘(@éﬂeﬁot tdheeslel @Ubbedefined
reasonabl’e frequency range of the sinmulation is 0 Hz
tspedifRativn). T Riboratorh HAE T, bedtenapurcacgenciskave a defined
the HALTI aboratory. As said, the anal ysis accordi ng1 to
tspecification; Sherduaiionoishedtest.cts wel &uthe GRMS levels of the
PSD excitations that are applied by the HALT machine may vary from
one laboratory to another and even from one test to another within a
same laboratory. Sometimes, the decision of when to terminate the
physical test, (e.g. how long should it last and what levels of GRMS
should be applied), is derived by time and cost considerations. The more
the test continues, the more failed components are expected to be
revealed, leading to an improved and more robust design. Therefore, if
for example the laboratory tests discussed in Example 2 of said 10 PCBs
would have been lasted longer, more components would have probably
failed. It is likely that there would be a match between said more
components that are expected to be revealed in the physical test and the

additional 19 components identified using the analysis according to the



conponents (altogether within said 10 PCBs) that

failed the HALT | aboratory tests perforned on said 10
w@aBg/102155 shoul d be noted that there is a possPOI/IL20§7/000295

that the failure of said adehf-i onal 4 conponents in

the | aboratory tests resulted fromthe fact that said

4 conponents were danmaged during production of their
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uctron eve durin I ppi ng
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together) failed conponents ﬁ_ ., conponents which
Weaekngasesinaempathear WatthHA T hestaesylds.ght ). These 19
conmponents were not detected during the HALT
| aboratory tests of said 10 PCBs. Indeed, it is
K PSued 48t bb heotERt kRt Ofwd hﬁff@f&ﬁemIAL’mV%Edlﬁﬂes of two

m ght be, in some cases, nore sensitive in term of
defferzinit mgamhe@lcglremaxkng\htimd of differentlahpoatnydestresults. In

CHE R kit HOE i 5 Rl
%xﬁacﬁ'ﬁﬂgé) %%%Sce%ﬂhg%{ Sarﬂg%[ ‘s{égmﬁrﬁge@te' ggeﬁ EABLE s'I'S‘CBs)

IS contex I"onger ura I'on,
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in general, |oosely defined. This nmeans that there is

lﬁf@ro@r@mpleg R0 miayites ateld ARMLIbowedhby | 3boninugey at 20

AR, Blowsonaitl SoRarL A Th GRS, dhertw Taditfies test
RESHES | %ﬂnnot eﬁg dret! %n%l.‘%rﬁ %né@rﬂﬁ e ﬂﬂnﬁhfa%feysmay

nat ur e, ve a d Specl |cat| on

Gerdattbomoeé faliledt esthpoasniseltherdsthieh Stlﬁil\/ﬁ)hévlééa?so@ffor this
t he PSD excitations that are apﬁwy béhthe HALT
siidenense nayhahmjtioush ﬂrﬁeGPaM& elsyoti theaksilh eccelpeption at

the ntvs;or AR ngest ea%g 1tden€icgf %Hq Varge (at g2/Hz) might have

different values for different frequency levels, in HALT machines of two
different manufacturers. This means that testing said 10 PCBs of
Example 2 using a HALT machine of another manufacturer might hax;‘e
lead to more failed components. Again it is likely that there would be a
match between said more components and the additional 19 components

identified using the analysis according to the invention.

It is still an additional important advantage of the invention that it uses
objective measures to reveal failures, while the laboratory test includes
"noises" (i.e., inaccuracies and unknowns) which affect the results. The
purpose of HALT laboratory test is to identify design weaknesses. HALT

laboratory test is not intended to observe the design behavior at specific



sanme | aboratory. Sonetines, the decision of when to
termnate the physical test, (e.g. howlong should it

wo awr/1em85 what | evel s of GRMS shoul d be appl i eRT/112807/000295
derived by time and cost consi-derations. The nore the
test continues, the nore failed conponents are
expected to be revealed, |leading to an i nproved and
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can reveal nore design weaknesses in conparison with

FmiT the sestrpedhine charagieigtigsal so be noted that two

di fferent HALT machines of two different manufacturers
mght lead to different [aboratory test results. In

RS VERESS attdndsWHY Bfsweteled AR BINs! 5dh 28 two

different HALT machi nes, each testing a sanme design of
PCRaj Daes, a icderdoneal Havena IeGHk Jomfinantmaetpuaf vilestion (for
duration and_equal |evels of GRVS PSD accel eration )
(for @%awml%,ﬁefge ROAkEekyRg 3188 d i theprgsept myention)
m nut%}ﬁh%%g%ﬁ ecfcrqlrhgwed by 30 minutes at 25

P e ma )

GRMVS) , i'nes” “test results m ght be

di fbe oW .mAnkAbdalndehingentoinciee sfavibiratibt) & anBy (ileathode
to nore failed conponents then the other. One reason

for tEhepes indiraing 4 bighhdhreat Weight)t hecoomBeng heisswithin

of the PSD accel eration at the two machines are
i dent PV PRECEEE v8f'ue (at g2/ Hz) night have
(c) Does a component have a local dominant mode of vibration which

belongs to the low index group of the natural frequencies of the
board? (i.e. the group of the first predetermined number of natural
frequencies, e.g., the first 10 natural frequencies, which, in many

cases, may be easily excited, and are more dominant).

The laboratory test does not attend and does not answer these questions.
The laboratory test provides results; however, it cannot isolate relevant
results from "noise" related results. One example, as mentioned, is that
the HALT laboratory test indicates failure of components whose

weakness relates to a manufacturing fault, rather than to a design fault.

Yet another example which emphasizes certain advantages of the present

invention is as follows:



different values for different frequency levels, in
HALT machi nes of two different manufacturers. This
wore@ngoxikat testing said 10 PCBs of Exanpl e 2 RGI/IQ0Er/000295

HALT machi ne of anot her mantd&cturer might have | ead

to nore failed conponents. Again it is likely that

there woul d be a nmatch between said nore conponents

and the additional 19 conponents identified using the
anal ysis according to the invention. It is still an
dhdithpdedl i nportant advantage of the invention that

It uses objective sures to revegl failures, while
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i ntended to observe the design behavior at _
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intended to, find the yobustness of desi In

G Gréiod Cloinveapigna SOpPSs tha: srid R eStatbbchcludes two
ap HALT B ahosa Sk :
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POB. 8yphnabyzingithe" PUB thkéng abe amthbdisofolls, ihwntion in a

exanpl e, variations in the |oading excitation such as

gpeclenencasgbef Addn to k00 Hize sunposertimindehanalysisvmdieates
lead to variati,ons in the test results. On the other

7 CoPSRATE 1 B R D POSt FEAShy BHERGRE. flghatural
eRiRehcyorh BedllodcRIRAHL Yt PRLIORSIIA0NG . bidel A8L1391 Ha.
properties of the tested product only, and avoi di ng
Yehesuppose thateche wmalfdstaiss indivates thhbsemponkut B has a

fromthe test nachine characteristics. The inyention
dupends el FheRer Snpehdga® RRjELe] drrguengEhohsa pye local

FRSRaRAGCEPBASHLLERE Pyt SRDNAONL Ve oL pvppon
bHbeh PESRBBhehiRY Mlve0R) MbhhThidafi VRAgEPaellidetfig (£) design
How many | ocal dom nant nodes of vibration, if any,

(teaknespdHosteapygshdsedi eathegrasdntgmventioatit Weioghtluded that
%ﬁe Q%Q% wgéh\émfgrhéorr]ngor%rx:eg hsa%é raulwi));de cgh:ape Type 4 is even
higher than the Threat Weight of component B having a Mode Shape
Type 3. It is likely that during a HALT laboratory test for a spectrum
range of 0 Hz to 2000 Hz at said HALT machine using said typical PSD
loading, component B will fail prior to component A, as its resonance
frequency happens to be at the pick value of the PSD typical load
obtained at this specific said machine. The laboratory team will assume
that component B is more vulnerable then component A, but it is not. As
the simulation of the invention reveals, component B is more vulnerable.
The mechanical structure of HALT machines leads to PSD acceleration
which is unavoidably not coherent, but is rather inconsistent and

provides different acceleration PSD levels at different frequencies.

Moreover, it should be noted that the PSD levels in g%Hz of the HALT



(c) Does a conponent have a |ocal dom nant node of

vi bration which belongs to the | ow index group of the
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the first predeterm ned nunt@- of natural frequencies,

e.g., the first 10 natural frequencies, which, in many

cases, may be easily excited, and are nore dom nant).
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AL Thyest. sHecahi thataforel hbocenduged thiadr Hee . amgdysis of the
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different location on the PCB. By analyzing the P

queggﬁtltz freversidmodo die tinehighesrroneprtibilisy s‘ﬁétg‘t Pu?ﬁ"?“é‘q% HALT
0 Hz to 2000,.Hz, supppse that e an | . .
el el BB AL ARl e PPRB e it o specifi
CEARHBA P o st SPLB A ey g cared ot
P peraewhas indreasinpethys Thred tsWeighti if she freguency involved in a

conponent B has a Type 3 node shape, neaning a natyral .
fenegifindfodst Shamer dYPSc APPBRRY 1pab? oh IEETILY1 40 Yigich said
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desigh MeakRess thoWRISFantPAsgdeRbies hanpeeseId vise versa, by
invention it 1s concluded that

somewhat decreasing the Threat Weight if the frequency involved in a
specific Mode Shape Type happens to be a frequency to which said
machine provides a relatively low PSD level of g%/Hz comparing to other
frequencies within the relevant frequencies range. It is possible to
further enhance said calibration by correlating the Threat Weight level
when related to a component with the GRMS level in which said
component fails. Alternatively, the calibration may be enhanced by
correlating the Threat Weight level when related to a component with
the vibrating duration until said component fails. In still another option,
the calibration may be correlated to both the GRMS level, and the
vibration duration. The higher the Treat Weight related to a component
is, the lower the GRMS level in which the component is expected to fail.

The higher the Treat Weight related to a component is, the shorter the



the Threat Weight for conponent A having a Mdde Shape

Type 4 is even higher than the Threat Wi ght of
weopoeass B having a Mode Shape Type 3. |t i sPCT/KH20§7/000295

that during a HALT | aboratoBp-test for a spectrum

range of O Hz to 2000 Hz at said HALT machi ne using

said typical PSD | oading, conponent B wll fail prior

0 conponent,. A as jts resonance.frgqugnc :
BRr O R ERE) ety CORBOREH typ Bafty LI BRAR, i such
gélé}ffﬁ'tﬁ)nsﬁeﬂq&&&i,sﬂedaﬂﬁ9ﬁ's NRsultBenhpRraineidert@ambe more
W assune that ‘conponent B is nmore vul nerable then
65iBBEIE M. o Avefbiting tho lobjettive Aediabiibtys chateatémstics of Hee PCB

i nvention reveals, conponent_B_is nore vul perable.. The
ettieaniloal sSTRDEL Y & SPOHAL AL TRASIEad ieh Abspt 15 the

accel erati on ,Lch.i s unavaqi dabl n [

BSRFTEL HHEBTR P BRED AT D) QUi esicy Frid B, hvholhlr 1 the
. teverl or athéll {dses, entinfthequerc@seral context

reg\]?{e)?%iﬁqﬁlas% oul d be ]rflot ed tl’?at thlél PSD | evgl s in

aRbdizakfity hvitiAhdERehinay ndiostatethoest Brosedwres)n Fi g.

31, and of many other typical HALT nmachi nes as wel |,

are typically extrenely low at the | ow frequency range

f Q. t o, abqut cof 1 ; oTeREs Webkht level

iléc%iﬂgiz ar?é)%{le%%#hbeoﬂl%\? gﬁtolfo%%;rﬁ;é%n?mg’ ﬂ%l%hmrﬁ?sk as heyeve

Ravs, felbtahtd Br@ahpdibirghindube tcoprdibidel BhtApthelipeatiommuntil
simlar which is o%served at a relatjvely | ow patural

ffadarenoy may giet ceoekttedewithe ahataryion, ageelerstion, devel that
mssed in a HALT .t.est.. It .can .therefqQrg be cgn HAI
CAHFeS Iﬁ%lT‘é’ff‘al s Wéhbf ofthe V‘Pﬁ%’éﬁt rBM ]b%(i%@? & rgrt)‘ér:éeelégfﬁpl T
obgc%ghgve criteria to conponents failure, and it

Imndtes "noise" factors. However, for sone industry
needs or commercial considerations, it is possible to

calibrate the gnal ysis, of the present Jnventi t
iWhHegioate & dHPBES et WGB%QB:%% dehflgs ng?bri%ay of
ofi.. 2. spegi fic [atCthe tidvBRti6ANBAL I B ut into
V}}HT" uél%‘“s%%éc#f@:]yﬁ%ﬁ%ﬁg r%%si%gtsp%%ilf Ve PSD cu_lrves)q).UL _
SHiadtied itk ahhey medifloetions, vedativhs ndsadepiadions, and with
i'ncreasing the Threat Weight if the f re(gue_ncy 'hnvol ved bin
i theanspelcineroisl eaShagentsyealbepsdive sQupgng that are wit

ftrheeqsuc%?)g )()f tp%r\s/\gqr{scgkiﬁglddm the art, without departing from the spirit

of the invention or exceeding the scope of the claims.



machi ne provides a relatively high PSD | evel of g2/ Hz
conpared to other frequencies within the rel evant

w0 e@gue1ss es range, and vi se versa, by somewhaPCT/IL2007/000295
decreasi ng the Threat Wi ght6lf the frequency invol ved
in a specific Mbde Shape Type happens to be a
frequency to which said machine provides a relatively

| evel of g2/ Hz conparing to other frequencies

v_\n@r%he rel evant frequencies range. It is possible
10 Methbdrfoefhntice dkaigh ealdkneat izonl pytadialefiald feglureeof a
Threat Weight level when related to a conponent wth
t hePCRVESseady Whichsinelidss comporpoife fomPa}sRg the steps of:
Al ternativel y,,.the | { br ati.on n
cor r el at Phgrediier, BT PO AGR BRI CFS ! ultep, ngtural
conponent \ﬂ»é_-q{h RRsVARE #hodd sHHHEE i0PRhBMPCB 88detnbly can be
conmponent fails. In still another option, the
cal i brati onlebeynimedgcorrel ated to both the GRVS | evel,
and the yjbration duratjon. .The hi.gher the.Treat -
Vel gt rB) FEEPTREnG ARk ESRehe R Spiiion f dgtfmining
level in W'H'F% he 0ehdl 08X REGHES of ¢hi P EB alBBmbly;
hi gher the rglé%I V\%l&gﬁ?&re ate oto a %omgonent is,athré1 Y
shorter thedwration until failure of the conponent is.
On the other hand, if sych calibration is avoi ded, the
anal ysi sOr é’é‘tﬂli’@n&a@aléeg%f@ﬁg}%% ptugal, drefgjemcies and mode
obj ective, 4., r rraiangh.: bj Y i.gbi | .
characteri Ss%lla ggs o?l Elta he df’%‘%h?gghel?&phacgorélﬁirﬁnﬁg Atsgmaétmns of

speci fi c Hibhpmmehtd)e coffciendd | idddtified t he @ertig@l a local
purpose of the invention to predict field failure,
whet her i n domeinanhesillasipnsinnatl leasheneiaf Faidrdefenained mode

5L 0 SRobl LS AHE 8 S0 ARty i
still anot &%E\elﬁfggpg@ 3 atf%ﬁ{mg_he i nvention, the Threat

Wei ght | ev nrelated to a conponent, nmay be
correlated with the duration until failure, or may be

B bl R LR Lo e
BRI LT e Ml SRR fo et

Shape Type, and wherein said step of analyzing comprises a step of

matching between the determined mode shapes and said predefined
Mode Shape Types, thereby to determine the corresponding Threat
Weight for each component identified as having a local dominant

oscillation in at least one of said determined mode shapes.

3. Method according to claim 2, wherein two or more Mode Shape Types
relating to a local dominant oscillation appearing in a same
component in more than one natural frequency indicate a higher
Threat Weight in comparison to a case when a single Mode Shape
Type relating to a local dominant oscillation appears in a same

component in only one natural frequency.



illustration, it will be apparent that the invention
can be put into practice with many nodificati ons,

wWQe 2007/40216Ms and adaptations, and with the use BPET/IL2007/000295
nunmer ous equi val ents or alte2native solutions that are
within the scope of persons skilled in the art,
W t hout departing fromthe spirit of the invention or

xceedi ng the.scope .of the £l ai.ns.

i e Pipthess iAo eUs Ariipatan Maeraee (gpPaRk She to
a ! bedl ¢ QRORGRLENt tAMdRLE Athigher
theasoggggg?:ﬁﬁgwgggela?%&gﬁmogel of the PCB assenbl ég
by Thicsh Welgtitato fshihcempomsninih roupasisapeto of Made Shape
PCB assenbly can be determned; hB) performng a ... .
natType of ae%mmnéslogamogﬂwéﬂnfog ag EPTPRPAR Ftich dF not
freqlll]%nci es and node shapes of the PCB assenbly; and
c) B& yzing said determ ned natural frequencies and
node shapes and identifying | ocal dom nant ,
oscill ations of conponents, cqonponents jdentified as th
BavMeghed laccerding ip riaim ds Gurtheri GMPHSIE PROSE WRES §f the
sai det.erTj nﬁd .mode shapes are identified as
conto¥eEHRg malirHePS rel atively high potential of field
fail ure. o21i Vel ehaeedingg temgel & mudural dréduemcies within
conprising a step of pre-defining Mde Shape Types and
assi gni ng ahébimalatwm;ght to each Mbde Shape Type, and

wher ei id st f | yzi i t
matchi ngbbdrmant the Tater e RERe hdplel Bhe dange of o
predef i ned ﬂrﬁﬁ%ﬁ?@‘%ﬁ@d TYRSSer $HTREE B thehldrd fuidhcies; bhd

correspondi Wi ght for each conponent i

i dent i fied lasitheyi the anéthodl rdowliinaiot thecfinding oof ithe first
at | east one of said det&rngi nec% node sha,cpeﬁ,.B 3. Met 20,9 1
accor di ng trredetermined wembeh AlwePTRPORTHE RBYESsHapedtvVery

Types high potential of field failure.

6. Method according to claim 1, for forecasting the results of a HALT
laboratory test.

7. Method according to claim 6 which is calibrated to resemble a specific
HALT machine of a specific manufacturer, for better compatibility
with a HALT test performed by said machine.

8. Method according to claim 7 wherein said machine has specific PSD
loading regime curves, and said calibration is obtained by considering
a higher threat to components having a dominant local oscillation
which happens to be within a frequency spectrum in which said
machine provides a relatively high PSD level of g%Hz compared to
other frequencies within the relevant frequencies range, and vise
versa, by considering a lower threat to components having a dominant

local oscillation which happens to be within a frequency spectrum in



relating to a local domnant oscillation appearing in
a sane conponent in nore than one natural frequency

w0 padi7aex1ss a hi gher Threat Wei ght in conpari SsonP@DIIR007/000295
case when a single Mbdde Shagg Type relating to a | ocal
dom nant oscillation appears in a sane conponent in
only one natural frequency.4. Method according to
claim?2, whereip a Mde ,Shape e.re atilgth 2
domitieintsapd r wac PEREAPE a$ ir&ll’%yelg Sohporien evel of g¥/Hz
i ndi cates;a hj h9 ko iPreléd £hiTPERENEids rdmge.
coﬁ%tgpﬁg%%%? 8{1%9%%%{%%%6\”%&}%2 %f a dom nant | ocal
oscillation of same conmponent which is not pure. 5.
Met hod according to claim1, further ﬁonpri %i ng ﬁ“t? or
9 Methbdt dveofdihg doickaj 1Lror feresasting the ragults gt g faboratory
frequency range aof natural, frequenci i :hln tial field
S1 et e PBrinB sty AR L (P oy Pbiiial fie
Si nuh al i angevof a predeterm ned nunber of
fi ?é]tlg}néa?uarlg@??gequen les; and c) liniting the method
results to the finding of the first predeterm ned
nunber of conponents. having a rel ativel [
B8:Methodl aering tp FHIRy Lo loTgPERERHAHCS AL b !aalélyt Yage of a

ordi'n

claim,1, for,:fo tl : t i hich
i e iple HEGRR) fHICh S Etier Soedl the Miage 1n which &

i s LatiRpatednt POBssshlydsspediablc HALT machine of a
speci fi ¢ manufacturer, for better conpatibility with a
HALTt est perforned by said machine. 8. Mt hod

%@Eﬁ%ﬁgﬂn%c%p%%@J MRST §1 55,5 YefroTRGRCB SN @ScoiRflentdrtary

curves,;’and"said calibration 1s

obt.aiResk Y SPOST Ishdragordy fiisgher threat to conponents
having a dom nant |ocal oscillation which happens to

be within a frequency spectrumin which said
12.Method according to claim 1, wherein the created model is a finite

element model.

13.Method according to claim 1, wherein the created model includes

modeling of the PCB components leads.

14.Method according to claim 13, wherein the model also includes

modeling of the soldering joints.

15.Method according to claim 1, wherein the model also includes

modeling of coatings.

16. Method according to claim 12, wherein the model is a "p element”

mesh.

17. Method according to claim 16, wherein the entire mesh is a volume "p

element" mesh.



machi ne provides a relatively high PSD | evel of g2/ Hz
conpared to other frequencies within the rel evant
w0 e@quea1ss es range, and vi se versa, by consi dep¢TiL2807/000295

| ower threat to conponents ##ving a domi nant |oca
oscil I ati on which happens to be within a frequency
spectrum i nwhi ch said machi ne provides a relatively
| ow PSD | evel of g2/ Hz conpared to other frequencies
within said rel evant frequencies range. 9. Mthod
a8cdathnd dcoxdiagnolclaimrl,fwherdAnttibhegmiodel ieaufibde @flement
| aboratory test, for finding design weakness, and for

[ éiﬁ@o tential field failure of a PCB assenbly.
10. Met hod according to claim1, for performance at an
early stage of a PCB assenbly design, which is earlier
tlbaMéthed?afc@&le? tokleh 8 whetahbe wbdélhie sPEBite differences
assenbly is available. 11. Met hod accor di ng to claim
1, todelperformance as a conpl enentary process to a
HALTIaboratory test. 12. Method according to claim1,
wherein the created nodel is a finite el enment nodel.
$8: Wtﬂ@g @cﬁ@%ﬂg% £l ?' W}ﬂerel\ﬁhﬁﬁée nodd18isC4 Q’ﬁhﬁéd volume
model i ncludes nodel ing of the PCB conponents | eads.
14 dbtlélod according to claim 13, wherein the nodel
al so includes nodeling of the soldering joints.
15 Met hod according to claim 1, wherein the nodel also

| feh c

a| mgl‘@i %g(ielgg 9({1 eﬁ%ﬂl;%e ﬁghe;r@}rbl\% e(?rrltcé.!%(t?é1 o ddh%‘ll%lgary
I\/btél@ﬂleac@mdhlng to claim16, wherein the entire nesh
is a volune "p elenent” nesh.18. Method according to
claim1, wherein the nodel is a finite elenment "h"

%ggi\ﬁe‘tpgga 823/?%% 3 ? élgﬁrﬂg 1 0 lLm lthe""“r%%ﬁieﬁn{g hf some

rences
components is detailed and the modeling of other components is

approximated.

23. Method according to claim 1, wherein the mode shapes that are

analyzed each presents displacement vectors.

24. Method according to claim 23, wherein said displacement vectors are

spatial displacement vectors.
25.Method according to claim 23, wherein the mode shapes to be
analyzed each presents displacement vectors in only one degree of

freedom out of available-up to six possible degrees of freedom.

26.Method according to claim 1, wherein the mode shapes to be analyzed

each defines displacement vectors in only one plane.

27.Method according to claim 1, wherein the mode shapes to be analyzed



nodel . 20. Method according to claim1l, wherein the

nodel is a finite volune nodel. 21. Method according to
web@rm2iss wherei n the nodel is a boundary el ene@i/1L2007/000295

nodel . 22. Method accordi nggg-0o claim 1, wherein the

nodel i ng of sone conponents is detailed and the

nodel i ng of other conponents is approximated. 23.

Met hod according to ¢claim1, wherein the node shapes

t heachapresaRl §I#e3F RN Spr esent s di spl acement vect ors.

24. Method according to claim23, wherein said

di spl acenent vectors are spatial displacenent vectors.
25 ietad @6FERgditogldin ¢| aberéid, thehende shanes fobeanalyzed
shapes to be anal yzed each presents di spl acenent

veeshdr présentmtraoneecteti-ee of freedom out of

avai |l abl e-up to six possible degrees of freedom 26.

Met hod according to claim1, wherein the node shapes

4 MEuRh c%?@m%g@mgwgﬁiw amcdbapitacsmentshapes oo beiamalyzed

oril'y “one pl ane. thod according to claim1,
whegeh prédemtantiais kapesy vectoes. anal yzedT/ | L2007/ 000295
-65- each presents stress vectors. 28. Method
according to claim1, wherein the node shapes to be

hyzeq e ' i$n 91 & eHeOmode 2Dapbetibbe analyzed
g@'i\g&éﬁoﬁgact%gp%ﬂgﬁ?ﬁ%?,lﬁmﬁ ’e?‘giiegeﬁtﬁhe node shages to be
analyg eskRasts RR§SEtavadtor aveilablpy frosrtaomgtural frequency
30. Met hod according to claim1, wherein the node
shamaslatoome anal yzed each presents any ei genvectors
avai |l able froma natural frequency sinulation.

31. Method according to claim 1, wherein the mode shapes to be analyzed
each presents a vector which is calculated as any mathematical
combination of two or more eigenvectors available from a natural

frequency simulation.

32.Method acéording to claim 2, wherein the mode shapes to be analyzed
each presents a vector which is calculated as any mathematical
combination of two or more eigenvectors available from a natural

frequency simulation.

33. Method according to claim 31, Whereih a relatively high potential of
field failure of a component is defined by examining two or more of

said vectors.

34.Method according to claim 32 wherein a Threat Weight is defined by

examining two or more of said vectors.

35. Method according to claim 1, wherein the creation of the model

ignores some of the components.



31. Met hod according to claim1, wherein the node

shapes to be anal yzed each presents a vector which is
w@adocnbAased as any mat hematical conbi nati on of PETAL2007/000295

nore ei genvectors avail abl esd-rom a natural frequency

simul ation. 32. Method according to claim2, wherein

t he node shapes to be anal yzed each presents a vector

which is cal cul ated as any mathenmati cal conbi nati on of

two or nore eigenvectors available froma natural

3" @ﬁ%ﬁ@%&&% HP E’H'aiﬁ335 Matesinageo igiorgd toonepaiemts bre

- ar tively high potential of field failure

of 11856 KHINEAE hbsirdednaedntyreef dhe follgvingd or nore of

sai d vectors. 34. Method ,agig,or ding to claim 32 wherein

a Threat) vektrgmely highgabab¥iYexani ning two or nore of

said vegctors. 35. E/Péigé)_d according to claiml1l, wherein
the creti B eh¥ s odel i gnores some of the

conponegbtsdg‘g}g,zl%t@&g}ﬁﬁ. Met hod according to claim
35, wher’ein the |gnored components altre th&{ser kngwn ?s
havi ng dne centeppfgravithwhieh Iowygloss tod ké)r?éayguﬁ i
reliability; b) a very small size; c¢) a very light

wei ght; d) a center of gravity which is very close to

%M&%ﬁ a%%lfﬂﬁg; 3 Uaiethoshassar dhagrtatioh apfntie model
erern |

he creation of the nodel approxi mates sone of
t hgppesmanass som3®hf Wt kothperentsli ng to cl ai m 37,
wherein the ignored conponents are those known as
havi ng one or nore of the follow ng: a) extrenely high

ég.lhi/[gtl?lioldi gé{éording to claim 37, wherein the ignored components are
those known as having one or more of the following:
a) extremely high reliability;
b) a very small size;
¢) a very light weight;

d) a center of gravity which is very close to the board surface.

39. Method according to claim 37, wherein said components are

represented by only considering their contribution to the mass of the

model.

40. Method according to claim 37, wherein said components are

represented by considering their contribution to both the mass of the

model and the stiffness of the model.

41. Method according to claim 37, wherein said approximated

components are represented by altering properties of the modeling of

the board itself.

49. Method according to claim 1, wherein the board of the PCB assembly



b) a very small size; c) a very light weight; d) a

center of gravity which is very close to the board
waeno7aeass 39. Met hod according to claim37, WhRCEIN2007/000295

sai d conmponents are represait-ed by only considering

their contribution to the mass of the nodel. 40.

Met hod according to claim37, wherein said conponents

are represented b onsi derin hei ' [
PoemeARloRagR bR B S R aHE = & Bp TR PRl e
nodel . 41. Method according to claim 37, wherein said
appr oxi mat ed conponents are represented by altering

4B NREMGA esc@llikdeo ohdsl I nyhefeinhthebozand oft thel PCB assembly
42. Met hod according to claiml, wherein the board of

t hizs 1B6Belad Stsvbg JayEss »f gobpne elementss npdel ed using a
multi-layer |am nate conposite plate el enent.

43. Met hod according to claim 1, wherein the board of

4@&4&9&%@@%@ th S14M0e] athewsinthd Byardsobthe/BIOBrassembly
e

enents. 44. Method according to claim1, wherein the
boat shodklddhes RER s sentbonic layaredel ed as a singl e
i sotropic layer. 45. Method according to claiml1,
wherein thermal aspects are considered. 46. Met hod

L6 ) gk eilam Yhehekdinahsihbi aepectsaire congiflered.
%%ﬁ@e%oﬁ%cég%ﬁg%ﬁc rrglde’l i s updated based on a pre
thermal -stress anal ysis. 47. Method according to claim

el e 21 oS o 2PPL o Loy NSl ot

S adaeRb ool gy R R g o B

the tenperature assunptions are based on a thernal

Arlr'? .q\elie?l?odogf}c%irgi%dg ’];or glr?lix?l ?E svalije):/feisnt ?&a%elgiral properties applied to
the model are updated based on temperature-related assumptions

prior to the step of performing a natural frequencies simulation.

48 Method according to claim 47, wherein the temperature assumptions
are based on a thermal mapping obtained from a steady state or

transient thermal simulation.

49. Method according to claim 1, wherein said model includes the PCB

assembly together with its enclosure.

50. Method according to claim 1, wherein said model includes more than

one PCB assembly, together with the PCB assemblies casing.

51. Method according to claim 1 wherein said model includes an entire
assembly of electronic boards together with one or more additional

parts.



transient thermal sinmulation. 49. Method according to
claim1l, wherein said nodel includes the PCB assenbly

wo ogetibss with its encl osure. 50. Met hod accorBCTIL20€7/000295
claim1l1, wherein said nodel68-ncl udes nore than one PCB
assenbly, together with the PCB assenblies casing. 51.
Met hod according to claim1l wherein said nodel

' d At | el ;
SO R RRUkS SRS Yyl e addoncat o

52, MBERQd @%GOr dhélg t1eags aiamdl whaeeidsthepneonipdreats are
conponents are nodeled with their |eads and sone ot her

cospagitheted.e approxi mated. 53. Method according to
claim 52 wherein said approximation is achieved by
nodel i ng said conponents w thout nodeling their |eads.

hod ' ' j ‘ ar Siprosithdtion is achieved
%Még}?‘?ﬁf (gog(ag% %gglgﬁl}@sg%?tﬁgggrﬁrlp%%enﬁﬂﬁ hat based on
Pag} neodREiHenae cafpokeatnwithoudwnodeling Bwipbeasist i al  of
field failure. 55. Method according to claim8, which
further enhances said calibration by correlating the

TRSE B PP s gpsimnasal kb

Vet hodoRe6RE M ehtthapkaion Bastiipdnestarerkenansdwaving 2
sald calfbration by correlating the Threat Wi ght

| eVt pobeitialedfdfiedd faibuee. conponent with the vibration
duration until said conmponent fails. 57.Method

according to claim8, in which the calibration is

%@[M@kﬁé& Qgeé&rkagtlgg% Rlaties, GRVRH Riveherantharves sabd aplioration

at’i on. od according to claim?2, wherein the
Thigagor¥elaghilz tley BhrudieWaightilexel tohen @@%@@a data pemponent

correlated with the duration until failure,
with the GRMS level in Wh?c said component fails.

56. Method according to claim 8, which further enhances said calibration
by correlating the Threat Weight level when related to a component

with the vibration duration until said component fails.

57.Method according to claim 8, in which the calibration is correlated

with both the GRMS level and the vibration duration.

58. Method according to claim 2, wherein the Threat Weight level when
related to a component is correlated with the duration until failure,

without any relation to a specific HALT machine.

59. Method according to claim 2, wherein the Threat Weight level when
related to a component is correlated with the vibration acceleration
level that causes failure, without any relation to a specific HALT

machine.



wi t hout any relation to a specific HALTnmachi ne.

59. Met hod according to claim2, wherein the Threat
waeiogho2ifevel when related to a conmponent is chPCT/@El20074080295

with the vibration accel erdi9on | evel that causes

failure, wthout any relation to a specific HALT

machi ne. 0. Met hod according to claim2, wherein the

Gl £ 45 e £80the ThreatTWeight lesel when
6@%@%@8 W gﬁg\égtck t 2’ \R/Aiﬁ%%ati on accel erat %n | evel
t halla §AUSRS d aédripenerands webtretdteddovidh i bathuntlhe vibration

failure, wthout any relation to a specifi ) )
HAL ebariaition, level that causes failure, an leth tﬁe duration until

failure, without any relation to a specific HALT machine.



