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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
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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, i.e., three translational
directions and three rotational directions all at the same fime. 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
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the tested equipment behavior under various dynamic regimes of
vibrations and thermal loads. The finite elements analysis technique can
handle several dynamic regimes, including: (2) 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 P3D stands
for Power Spectral Density, or more particularly, to the power of random

vibration intensity in mean-squarve acceleration per frequency unit
(g%/Hz).



the nost reliable test for forecasting future
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physical tested object.

It is another object of the present invention to provide a simulation for a
reliaBﬂity 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.

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



It is another object of the present invention to save
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and potential field failure 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,



Preferably, two or nore Mode Shape Types relating to a
| ocal dom nant oscillation appearing in a sane
conponent in nore than one natural frequency indicate.
W#’%R&HBF”Threat Vei ght in conparison to a cdS&/WEH00R
si ngl e Mode Shape Type relating to a | ocal dom nant
oscillation appears in a sane conponent in only one
natural frequency. Preferably, a Mde Shape Type

r S{RREFIRPAG SWP RS HRARRARPILHE A stegéimnatahingPegvegn the
c I egt | [
B B G A
doon deetminec dhe @swishdrating NThfeas aeigdmbaneath woigionest

no re. Preferably, the nmethod. further ¢ i ses one
oreiSone hrgbedt 15 Agmipari il I Y %2’%&10{1@&6 said
t Rgtd hEAMEROY e KB of natural frequencies within the

simulation; (b) [Tmting the natural frequency
simulation to a range of a predeterm ned nunber of

ECRISE RESOT & PEOP ROHS WA 5roq Fle by o % 1obdl Hominant

PLSERE B pRdaAHEar a GhmeC esRANERitSinN W rBGhan one natural
of field failure. In one

relatively high potenti al , (

i APREMEAGH mém@g@ priigheroFhuegs Weighhin epmpapoms: hewpe ghen
used.. f [ l.ts .

t Ecr e, Mu R 5k 190} (2R (b e o) dbelpa BB
r epeadrsén a specednmsordAt Th orElghineeaatird frapeact.i C
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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 component‘s having a dominant local oscillation which



ot her frequencies within said relevant frequencies
range. In a nore general enbodi nent of the invention,
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finding potential field faiT-ure of a PCB assenbly.
Preferably, the nethod is used for performance at an
early stage of a PCB assenbly design, a stage which
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of the invention, the nodel is a finite volunme nodel.
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.

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

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

Optionally, thermal aspects are considered.
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of. the invention, the node shapes to be analyzed,each
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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



In an enbodi nent of the invention, the creation of the
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mﬁgqhmh@/ggnulg@m nate conposite plate el enent.
Optionally, the board of the PCB assenbly is nodel ed
using layers of volune elenents. Optionally, the
bqar&ﬂi)fan%merP&ﬁbaamlaf th% {m%ﬁkfsﬂ e AnSdd19hEoes to be
isotropic layer. In an enbodi nent of the i1 nvention,
saindlymedekch peésedesa WE@OP@&c}aE;wwlgmed@eartLema@h&matmal
its %ncl osur I n an _enbodi nent ,of the,i.,nveption, the

GORPIARIY FETHL B PHYR BREDVISEHS a8 LRI PRyt maFural

wigtdyubhey BeBiagsenbl i es casing. Optional | y, the nodel
i ncludes an entire assenbly of el ectronic boards

together with one or nore additional parts.
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
relability; (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



Optionally, some of the conponents are nodeled wth
their | eads and WO 2007/102155 PCT/1L2007/000295 -11
some ot her conponents are approxi mated. Optionally,
QY7 18dHr oxi mati on i s achi eved by nodel i ng PEa[HH2007/000295
conmponents wi thout nodelingltheir |eads. Preferably,
sai d approxi mat ed conponents are conponents that based
on past experience are known as having a | ow
pobtmpbhaits afre thededidawh ap daviryr oed oiDesoeigftthe fiollbfvingre(a)
Draw ng'.s. In the drawings: Fig.. 1l il]Justrates.fhe.
SERIERER, Blabaa R Hip Soet PRAM Sy Bufegh Bgpt Heiehi @
t 8Sdenter dfiglavify ROIBl kY ety ARG {Clelbapddugsaeral |y
illTustratés tHe main steps of the nmethod of the
present invention; - Figs. 3a and 3b is a draw ng

S Lng.a PCB "G' in top_and perspective vie . .
; Rt Ge R sepongats Brd HepreBEH SRR Wi, Vit Reripg thetr
PEBhiribudioReh $RE Ghds¥f Yhewoddhi s PCB is used for

expl ai ni ng several of the Myde Shape Types; - Figs 4a
and 4b illustrate the pre-defined Type 1 Mdde Shape in
di [ | $0:SULFE j
e M SR
ardnSherdhgwhaib denShihpgoil ipebdhhidnei mgss wd timexineddl and the

- ShbEgrs aB 26 Hedety LiBionauys Raise SR RGE P, aRn POy are
FirgsresOiteany ﬁ&rﬁ{%ﬁbéﬂk@%mﬁ@hm&@g LEER board itself.

i so-surfaces and spl acenent magni t ude def or ned
shape views respectively, illustrating Mdde Shape

g@%ﬁéﬁaﬂkﬁ{egooﬁ& of %ﬁ?g@}[ﬁéé&?ﬂr i%irﬁy\ﬁeﬂl&il hgﬁtg a multi-layer

acefrent magnitu eforned” shape ['ustrating
t Rembdrde cGhhppatelplpse Slemenki gs. 7a and 7b show a
drawi ng of a PCB "H' in top and perspective

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 agssemblies 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



views respectively. Fig. 7c is a picture show ng the
sane PCB in WO 2007/102155 PCT/ LL2007/000295 -12
perspective view. Said PCB "H' is used for expl aining
VERYWIM21Bf the pre-defined Mode Shape TypedCTALXPTHRO295
8a and 8b are displ acenent -&hgni t ude i so-surfaces
views illustrating the pre-defined Mode Shape Type 4;
- Figs. 9a and 9b show a drawing of a PCB "C' in top
apsimper spret | vEnp¥ieits respecippvelisnatéd.g. (Bdionslly, said

pi cture show ng the sa PCB in a erspective,vie ]
Sapgrosgpation js %Félé‘ﬂ’efigﬁwe%ﬁi’%ﬁ%gn oG, Emporipts pgithout
g@oﬁ%{mg%ﬂeﬁéﬁssmpe Types; - Figs. 10a and | ob are

i'spl'acénent magni t ude deforned shape views
illustrating Mode Shape Type 5; Fig. 10c is an

EEETENT E M TR R

disspl AcRIBAL. BRI Iwss BalREEdwshAReiN dWield failure.
inI us?éri%ti nge Mode Sha%e Ty%e 6; Fig. 12 is a

di spl acenent nagnitude iso-surfaces view illustrating

e . o Fi i.S a displacenent magnitude
W{lg?ﬁ%@&l&f’g& Zflt_ljlzé ?;)'ra]v?iﬁ%e Shape Type 8: Figs.

14a tapdrd#ingar e di spl acenment magni tude def ormed shape
and displacenent magni tude iso-surfaces views
respectively illustrating Mde Shape Type 9; Fig. 1l5a

and #5b 1SNEWrasdl M (18P TnvalREBn " Phybsthlaibalagithulation of a
perspéective views respectively. Fig. 15c is a picture

showHAd. T teet;same PCB in perspective view Said PCB
o R 1040, BT k% it sl o
magnitcugetosaf shs hamest itivewsionj | | ustrati ng Mode Shape
Ty-peFilg%E 3a and 3b is a drawing showing a PCB "G" in top and
perspective views respectively. Fig. 3¢ 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. ba and 5b show Mode Shape Type 2 having two maximal central
points P! and P2, in displacement magnitude iso-surfaces and
deformed shape views respectively;
Figs. 6a and 6b are displacement magnitude iso-surfaces and
displacement wmagnitude deformed shape views respectively,
illustrating Mode Shape Type 3.
Fig. 6¢ 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



Figs. 17a and 17b show a drawing of a PCB "E" in top
and perspective views respectively. Fig. 17c is a

pi cture show ng the sane PCB "E" in perspective view.

VERARWPEEBS" E" is used for describing several PET/IEHE/000295
predefined Mbde Shape Typesi2\D 2007/ 102155

PCT/ 1L2007/ 000295 -13 - Figs. 18a and 18b are

di spl acenment magni t ude i so-surfaces views

I ustrs@cting vh@dGSﬁﬂdb@BTWeismvgd-foFbgplaﬂxﬁngrmmal b& the
PCB "F"' nounted t ratory HALT machi ne, as

Si mﬂrﬁtd@énﬁﬁﬁvf%% e?m of Exanple 1; - Figs. 20a

and ].%g? ghow § hgy dﬁr%""'dﬂ%ﬂ&fenf’ B m%"gnitﬂdé ORoaRfaces views

perspéctive views respéctively. Fi'g. 21 is a picture
shoWdlngtr&tiagMr%ﬂd&'wod@sgapez'f&pe Hd ust r ates a
fini "R by 0 Ie 1. ..
Fi g. II"lﬁ‘éb g &ngr?beﬁﬁ}f’ égaVFé%/\P Ft ﬂ% "%P EirPerSpeCt“’e
nDdeshewE'erpe%ﬁﬁelbrSI‘@g dhcs Qq_;ﬁm sHe@ig blﬁiﬁsame PCB in a
i so-surfaces view, and FI%) 23b and 23c ar

r

di sprexersshine vielgnPeiddRCBeNS risamed rfabéxma@%wgr%wwl 4 the

to t e irst natural frequency of
&Edgﬁ%dﬁgggghgé E?gp%’acenent magni t ude

i so Elgsfm}aesnd/ﬁebvareﬂmpil‘ awgntegEB wmlF'tlsilga:}xéomgeSd ﬂmpg Vzizwas

seco a e 0 "F"; Figs a an

arelﬂlb“agg1 3@%%% 'ng to the third natural

f reqmeneye of alPeBarfed viewdof2fei BspatRentshageitudeneformed

relating to the fourth natural frequency of PCB "F";
Fi g steacalustrated infog.nde shape views relating to the

fif t%g%i Yt algis ﬁéc% %@%a%ﬁ é;fc’):zl‘lrﬁecfé e VSR ﬂlr’;ﬁ&atmg

and are no aeV| re atlngt “he sixt
nat uMaHeShegmﬁ‘ppyEspf PCB "F"; Fig. 29 shovvs t he PCB

F b darannel StmRc Lz 0g, sl the Lapled  comonents
I R o (e
r eSLMoae ghagxagpt ¢; 2, and
Fig. 18 is a displacement magnitude iso-surfaces illustrating Mode
Shape Type &;

- 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.

- Figs. 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¢ 1s 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. 31 shows a specific PSD accel eration | oading
curve of a specific HALT machine. Detail ed
Description of Preferred Enbodi nents As said, there is
WO WA E el enents sol ver or equival ent sol \PE/LEAGP7/000295
HALT yet, although there alt& solvers in the art which
can sinmul ate random vibrations (PSD) in one axis, and
whi ch can sinmul ate frequency response, WO 2007/ 102155
PCT/Hig20034 GRE2 98 ar&%iﬁplicdzymmﬁmagmmi sotsulrfaes views
all in one axis. Howey there are no simulation

sol GBP@?H%“?@MQ%LS@%}P ¢ dé her sinilar dynam c regi ne

t hat iny %lh}gﬁé tMb e hpn rﬂd%é@@d ¥hia OBb§¥a@or3PHAT EUmachine,

S|nu aneously in'nmore than one direction, up to six
degr@essrrmﬂatfadeleﬁn:msmﬂiﬂeﬂmbfEmmple kn handl i ng a HALT

. L3 t [ |_|ALT Lkl
o oVl a AL AP e feane bt PER i 8D 8T Peeptice
Pr odyeds ridpestivdli CFl'gdﬂﬁldeaﬁﬂ:&We\éhbmig tHssdnie BICB "F;

degrees of freedom sinultaneous|y. us a t ha
on el il druimelesonc ) o & PeroprEndrentle

whi C{‘F %@%ﬁ:ﬂ&%@%ﬁ%ﬁ& ﬁ%@ﬂtﬁﬁ@%&ewth al |

reqwre yS| mat erla properties, as well as
beunBizr $3a ¢oa dnslpitamemenmmmleuao Fingaces vigw, and Figs. 23b

QYFO@ Hscal fﬂbﬂ at | ?1? (ﬁ?%%rgltu ehg%ffo]&nf]aﬁl] \yhfxge T iaelatmg

per f QrRBRSiOhabb &f tﬁ@ﬁs‘ﬂ\ﬁaﬁ&e& m@&e@@ dEECBITRY;t e
el enents nodel : a. Mddal analysis: This ste for th

basi Elgf%ﬁlsaﬁqédsa];aﬁfarﬁ%t H’@EH%PPQ? igreurasgs W&S‘U Jating,
nat ubyal f&%ﬂ&&&%&%a%mﬁ ﬁ%qaale dugtecs e Hz] ;b

Frequency response step I'nvol ves a frequency

. res pEigsezsmaaﬂ p5b sirefmadecshapdetiews relating tto $he ghird agtural
Thi s anal ;% d be performed six tinmes, one for

eachi*8fuS é’ozf grees of freedom Herei nafter, as

IS cpgtoeey ?iam&iéeslﬁipé AeE reRSiref tof theddarthangural frequency
indicated as follows: T. - translation in x direction;

Ty -ofif@RSFation in y direction; Tz - translation in
z di ngc be oL B a&@%deoghﬂﬁoﬁgwé 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. 80 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,



axis; Ry - rotation about y axis; and, Rz - rotation
about z axis; c. "Applying" PSD analysis on the finite
el enents nodel: In this step, a PSD |loading curve in
WY@20rx218s a function of the frequency shoulPGT/TR867/000293
applied to the nodel. The R8D (random vi brati on)
analysis is a kind of a post processing procedure of
the frequency response analysis. Again, the PSD stage
I - 1 ' | NBS Qis. 0sweReN théret A& no
e e T T T
ROTAI41200301066206r HABT dr apgmthes sinitax dynantigaegigry that

ahalysis.results jn an, RS stress.t -1 ni

et EF e SR L e
SERAGAMRGnPEPaER| ke Rss obleiceinal ter, as is customary,
the stress Vvectors are indicated as follows: an -
normal stress in x direction; ayy - normal stress in
Vdi Legtion, ¢r. .= nor 3 =Tof:\ Wali [
mi afeviplin Bhpdind CPRLTFRAIIG SRS T MALY ti
(#9PERBLINA! Yrovilin@SE h Mvery Zeophglivated yegimeshfdpads on the
(tangential) stress in y-z

| ane. And;. e, PSD resul t.s
(produks Flichnrchises aie; §‘5ﬂ‘ﬁ 1008 IRt $985%%% OE?’EF&dom
t@l%nﬂ{a%{egu%% LPRs Ce{l@ﬂﬁll% Hattde MhREAL HARs diesuhisethodel
from sal Df}ln cycles/sec]); f. Finding an )
el Yedreptepstedwhichensioded brmesh of wadey andidements with all

need .t find ui val ent .stress tensor resylted.f
s@%ms?épd?lﬁisga g“iﬁ’% r patprial  RIoRertissy - 2% e]”%ﬁobat%aibr?ggg%iw
Sﬁﬁfﬂiﬁi?ﬁls. A whyiRotRet | £ akpsthepickSsinmil eireobs FATRNeSt,

generally cannot be perforned, since each of the R
stfrssh atedbbe sriedto bs pRtfermed, GhouldinpPe g IPSBNGE 0

[ erns  of a S f t] of the frequency.

TF?@#‘C’@?W §?ep8|’?82°{é‘g|ﬁﬁf) © ez%{{/l?&%f%?&é'xanpl e, that the

conmbined RM5 an of PSD in Tx direction and PSD in Ty

di rect,i i s axxZl IxPSD,I - I e eeth 8 amj

Topslef AHDELs T othe RIS R PRSI ES, fhanic

step dim@mMidh, ANHNAL ifeal the natural frequencies of the product
fin 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; Ty — translation in z direction; Rx — rotation about x

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

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

PSD loading curve in {g?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;



g. Finding an equivalent stress scalar: This stress
value is an equival ent scalar of the various tensor
conmponents of step (f). This equivalent stress val ue,
Wé 200U2d55be found, m ght have fornmed the b&STALIEHO0RRIS
following fatigue cal cul ati-bfr. Again, this

hypot hetical step is also problematic, and generally
cannot be perforned, since each of the RVB stress

valquess Se@iltg(NaTRe P ahaleidf fetRptin RARMEbtess tensor
terms of a2/Hz as a function of the frequency. A

conv edetindra theatmalamidovheas i BES stenes agliepier cagbrpinhe &
or Treska K h hesi i ead 10 W t
rouEPEyio AR SRRl Hopbifaftel Cot SORGEERIY Bre stress
val ueydptdrs Witk tisdiehtell agribllomwse gui v aloemt) stExL200 %/ dOX1HS;
PCT/ 1L2007/ 000295 -16 woul d sonehow bel found, the ..
pr oc eBuren@HlIsEeRs e YHEEFT08h Pronu B M S ERsE A0 (fireqion;
Cal cul at i f ] Ral i 8Mss: ASSURbAI (thRBintial
the edliva ggt(tatngtgxrngél %\%I?Ig%g{lo)&sﬁgep ’(ng) _coul d( sogrréerllﬁéa\tlv)
be cadteedsdhead: plahbhgighhemstasgindialptesent vy plheeodnd

no k ed f W such al cyl ati..o . P
o0 o980, DAL UET PR LML P FRfleah o e
fol | omgte Wi dign dhansé derthBovibReidisgrestite@ fodm chdd JRSDf (in
step (e), as well as the -equivalent stress of step

(g). [méles/sacdly (h) might use fracture nechanics
calcubald ong » Uyl Bl 3Ue Qs NeHEAY TR TR GRS, Whkd AN$ nebd to
Ther ITe span/fatigue cal cul ation:
The efif@cdgminflentt hepsmtedsoadesulbed Hroom sakk sppasate jgnsors
stress cal cul ati on nd.on, t he raperties aqf t.h .
mat er ¥ tsgxienw@%tafy @H@HFE%{ & 58911@&& %E?’%?q%‘eh%%c%ﬁﬁtls
whi | e ]thc);uérﬁlgﬁi& Odd BehdrBRy ldah@of BaYechRirn@He sines Watls offthe

step }8 the above conplicated procedure nay
ref | eBMY hirest epsonsharendiagd fromize diffeapminP PR vedersyingtgrms

simul at e HALT .test, of..no (L eall , J '
the r géﬁ?f/ ﬁ? Ko agml’-&]r_o? pole frgﬁt\%%\llcgf ,%%te ﬁeg(g%é P #’g r(’?nﬁﬁgﬂ of’’
the ahpu&aniiOCRENES cohbieedi RMBes) of PEDef Tx idrettiet and
probably inpossible, as it involves |engthy,

extr epghy ;£ 9P Ll eaisd i§t\@c§zi( of M}Jzﬁgo SONBedd e these are

TxPSD
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 o%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)



unsol ved yet), which result in accunul ated anal ytical,
nunmerical, and other errors and inaccuracies. Even if
t he procedure woul d sonehow be conpleted, the results
Wil 1esSt probably be extrenely inaccurat e PEREL2007/000295
t her ef ore unaccept abl e. Sai-tl-procedure is so
conplicated, that there is neither know edge of how
to successfully conplete it, nor there exists any

al t erpAHBRAIF S8 Ohe Qb AIRIBEhsHIA RS Webs cOftiAued
HALT test (w thout executing the |aboratory physica
test'@ﬁ%@@ ); The present invention overcones the

?ygméépk S]'qrgg.ge % uqlﬁtgégn %14? §]:£m an/ th#g & dASShgllﬁg r’s{x% %Heta%quwalgnt

phySI fadsst Bgte of Ry RS WoliHl edméhey suemaﬂaﬂam @lthbheh, as
present invention have shown extrenely hi

g
cor r etead.i pieserglathasaps Bﬁ}@PE’éﬁdgﬁﬁ@T %s%lgh Priglqgstion can
2007/ 1091385 C&-)g]aLﬂ?e ée [etrtie cad ﬁflgﬂlsﬁbhﬂﬁfcﬁfoﬁ hghile

preseﬁ%plnven n can orne I'n a much cheaper
and faskalerimgntes sigh catpaf ichangwi dfhstapr @l aphyslica the
HALT test, and not ess | tant, t nmet.hod of t
preseﬁﬁuVﬁ@%hﬁﬁﬁﬁsd@£§“ﬁbﬁgpggﬁﬁrﬂﬁgn§5 BHgRS Mg fractire
equi PRED 5.0 41@%&%1@3% @pfaﬁfg‘ag@N dihS@lnks ca@&ﬂaﬁlbﬂ efore
can be per as _early as at, the tial ag S of
t hé. pFoemal ¢ nibet litegypan/atizus, caioulabion. &

st aget?he?%latl IT{? d?sr %gwl:}f Bndc%\é el o Qtstl%ﬁg’%ﬁﬁﬁlaﬂo@xs A6k the

Fesent T nvention does not require wai ting
for @mmmwmfmmmmWMMmmmmwmmﬂwmﬂm@@mmm

he rel i.abi |
LT sstnsnpapauioar ol oA R B b 0o

forecasting failures and correctlng themat the very

initial stages of the product desjgn . and de pnent
| tAlh g @h@w cpophigaisf RTheeduNg aorlerhihe @%%ﬁ%ﬁéﬁwe to be

C | [
T
$Hih@l fdsapuat by asEDNILT fliesld Hpeceshirthe iﬁbuefommgenf the above

t | 1at f th t f.t
COMBrCERPe T HOTHER: CRFab oGt POgEDY, ShRgelTe] ag i
t Qm(;&%eé)r%ﬁ?ﬂfy 55%41 DHhbRN ’coﬁlEiﬁciﬂeﬂStste%%e EbefWIﬁ&Q aome are

anal ysi s rst "perforned (see Fig. 2). Next, a
r elvaolved| yetsi which sdseft (r)()ac«ymn*g}ated 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



i nvol ves post processing operations is perfornmed on
the nodal analysis results, leading directly to the
final HALT failure prediction results, i.e., to the
P dd7/ER1%n of the failed conponents. |n suchRCHURBHNEF)S
the very conplicated stepsl(b), (c), (d), (e), (O,
(g9), (h), and (i), of which sone are hypothetical and
cannot be perforned in practice, are all elimnated.
Sehulatish miglthé peadehdnvteativheapriucpettivrenct inob raiahi qi@aaer

HALT test results | ooks i SSi b e, at. I an i
HeWe faster aw@alfeé*w%&%%%w?ﬁﬁﬁl 5P Ph 10%#%%@’?6?83 Bot
t E&s ;;(I;r $lhRhR ‘SHVO? tﬁ@ aflsseh 0 iR R eRke hbe %quflre any

asl's | h expl ai ns the breakthrough o
t Iphysmaziveqmpumnt Toe thr pleatedt product jteelfi and fkeyefira can be

di fference between the.con vat i not | oadi.n
- BTIREECD A8 CEHE i il 1 i3] SRR of foq A Rdeld Biitart
(RRLinEALTY otIRSDft 85t sthbb LS tRe ProlbAt RvERPEIht Qrocess. In
envi ronnental conditions, each having WO 2007/ 102155

PGlidr 2QUE/ @@msentmve@mqlcfasmoa rPEEre DRitingroriapysical
OISl FRY, ARARR: (LS  WRy Bt IRESERLELE S hquiny

Fansiation z axi rec
I &{i6l8 @PhyRical HRICRLest 2ndbs aneiteihatdfore érmblesalist @astmg

resulting fromdriving on a}ilrough r d. HALT fRffn
t Heileteretnd awarectwg dherpoats thenyrhy émtt staegsetf %‘? uct
[ %?{%& a‘%ﬂﬁ&é\g . The HALT stinulates a product by

I'gh "accel eration vibrations in w de
anpl it ude and spectrumranges, in six degrees of

freedo It eously, and, at so st a dd
B ey srin gate Svstiiter Brselt vARTR plced Shd &
bqéé{&eﬂarhaﬁy 'ﬂ%a_th%rcﬁ@alt mce(ﬁﬁe&ﬁw t 1 ¥&n besubsgLREDWIBSa
|s S|gn| icant from both the uaI|t%/\Aand guantity

isantys sifmtlifpderotasiure. Heabrasgninvanbior sHidpates pagst

‘oaﬁtt oS 5he) o B e Bh SR R LB etk A eh B B e 1
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results leading dir ectly 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), (c), (d), (&), (), (&), (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



any kind, based on the equation [Kk]{u} +

[c]{u }+[m{u"} ={f}t , wherein [k] is the stiffness
matrix, [c] is the danping matrix, [n] is the mass
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di spl acenent vector, {u'} is"the velocity vector, and
{u"} is the acceleration vector. The reason for the
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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



wi |l be explained in depth hereinafter, i.e., they
have a relatively significant displacenent anplitude
as can be observed when exanmi ning various node shapes
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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
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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



b. Mbdel creation: In this step, a detailed finite

el ements nmesh nodel of the anal yzed PCB product is
created. The nodel has to include the board itself,
V49 240811921Fs t he PCB conponené . Typically, tRETHEH7/000295
nodel has to include and ta i I nto account the
conponent |eads. c. Performng a natural frequencies
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analysis of the PCB is performed resultmg 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 (l.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.



el enent nethod, may be considered to be used for steps
(b) and (c), as long as the natural frequencies and a
correspondi ng node shapes solution is obtained. The
WeetWad26% the i nvention will now be descri b&ATHIRIGTHOERS
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for the purpose of this application the term"Mde
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actually fail in the field or during a HALT test.

Therefore, in this step, Types of nbde shapes and

t hej ryveakSRspeNYhBgPIDeahitMe ghts are pre-

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 spectfic
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



defined. Follow ng are several specific Mde Shape
Types and their corresponding Threat Wi ght. Figs. 3a
and 3b show a drawing of a PCB "G' in top and
erWpeetisve vi ew respecti ve@/. Fig. 3c is aPplak2i¢7gp0029s
showi ng the sanme PCB in a p&fspective view This PCB
"G' is used as an exanple, for explaining the

fol l owi ng Mode Shape Types 1, 2, and 3. PCB "G is an
exanplesigf wealpEBs whipssifsont Bicampeaenisibat swmypondn & fleld
It should be npted that the :

and CRdEe oF b fifie i Ehe{ FaiRily SRRER Y B BAITR onder

ar bi typagdhieve tHD @8I hRP eclhYiPe alaplitades Shape mbdeeshhpks of
characterized by a displacenment of the_oscillating
boar doatwsplchieqeengiasoseillagions st prgmingd. dbAas Rper fgind by
bendi or W, Sty \% i

ocar s Bred s Bl BTRp nahd el 4F pEATROARRSIC b0
t oget faglirii of NP € Becdmpor@ntdVitien Sitapes. TMpeeotehasy amelyzing

central _point of maximal anplitude, T onents . .
Chat irvd TResies IRe: L mAEORT: it MACs 0P TATES i 19
the bfc?srs ég QARENEA Phich 8 %eP@Bn&Jr{gﬁtg%eﬁ‘ﬁs shifecRhallih il in

oscilTated area. It has been foun the inventors
t hat thepBelll @sditihgta BkhlHBdesd. Thardfbreedn W ghew, Tybbs of

particul.arly, Type threat general .y does,na

i ndi cBPEe § H"’ﬁrzg“dof]thﬁ]rsE‘)@eﬁa Ogchr’(%‘rpr)%Eﬁg?\it .%N%lg ts are pre-
exanph&indg, 9s 4a and 4b WO 2007/ 102155

PCT/ 1 L2007/ 000295 -24 illustrate the Type 1 Mode
Shape in iso-surfaces contour and deforned shape

vi ewsrespectiyvel y,. . Fid. Il r i a :
g FOURVRE U5 ngerebe hPREE MM Mo iR, 28RA° heir
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are aonnwlxarade, fFhexdainingisefaltosving Mede SladneTisest he2,
natur gllld 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 regilons 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



frequency value itself. The eigenvectors represent
relative values. Therefore, the anplitude range is
normali zed to the range of zero (no deformation) to
ohaotmaesdef ormation). In this exanple, theCHUaNGPEs
oscillating at 384.6 Hz, w4 h happens to be in this
exanple the first natural frequency. It can be seen in
Fig. 4a that the highest anplitude of the oscillation
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Type 1, wioweyairesdnt thdis-sateentddtotmsolt 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. Fig. 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



or nore central points, i.e., two or nore |ocal
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havi ng an equal anplitude level. Fig. bais a
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illustrating Mode Shape Typ#52 having two maxi nal
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the inves A cillation also has a | ow
Thr eat %@é%bf ?hﬁ/%{rsébm%grt g%f arly, Type 2 Threat

Vei ght. genkr ghipe Biso 2ddf=lenShapd Bgpe R & dhairheledzat by a
speci fic, conponent. As ter. of fact.,, i.t has bee
found bylisPhasemepé Miofhe %ﬁ%/bﬂémgh}fpé?sel*yﬁ ng M e fER-AT
less  seyflnerl¥Ri 82deYshdpR EREPATH SRR W thhG8e ShaPeyo
Type 1, as it is harder to find an actual external

| oad t hat nwirklceebrel pentdheechdwodr moretihiad matimal agipjitude
nore conpl ex de shape. 3. e Shape T 1

Shape. TyputS (L0 Cia it paries Rl aRE At A AT evel.
local oggillstign 4t kesdiekMent 0GRdgnitieder Soistrfabiss view,
application to an oscillation of a single conponent,
and " puriustratieg dMeds Shave iFxeaBphrBaE P thakmGh| opntral
t he conpanent,,0Scy . AR cANCTely(o) 3

The res tpo%ﬁ%s tP hlearbdoj;% g&%ﬁl “éﬁ(?{" I?h%@%%ﬁéf fhec 0 n’pg E%El?%teg 6 b
not oscigsb@ Hzathiah happath trie Seattiohantural freghendydf the

be noted that_a local oscil]atjgn of said copponent . .
shoul d Bearddfisi eribustsates fhe deformeshaner i g @me third
rel atively, sigl j | fhd herRoateht
or the g%a)r%er coé%lgfﬁ%%tsehg%g?g{slﬁglgls bg%itl g@zﬁltdi%ﬁ }%f >
ot her pahts Tfpet Reosodlatids alsd lods et ey Towpbn&eight. Wifore

2007/ 102155 PCT/ | L2007/..000295 .26, /m ght Qgccur_since:
(a) theﬁrHF‘éagﬁa}%ﬁ’epﬁy gﬁ%ﬁ% B%%%%ﬁ»,@% e?fﬁ% Eﬁi%)t dges” not
zero / QH&icQtef‘@ﬂtMr@&h@Xﬁel‘éfﬁq(&hﬁoﬁ@ﬁﬁ 285 £ nle08Tdf €act, it has

i naccuracies in the sinulation. Therefore in the
cont ext hekntfiend 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



present invention a conponent oscillation is pure if
the anplitude displacenent of any other part of the
PCB (including all other conponents) is of a small

e reant2age (which may be predefined) of thecamoitaebes
di spl acement of said conponéft. In other words, Mde
Shape Type 3 relates to an oscillation of a si ngle
conmponent. It has been found by the inventor that Mbde
Shape TypighBoeseidihat (Hnthiass age ¥edlyy tphg»’eicih phedonviriagind
with respect to the oscill at] g conp Swe . This is

rel at ed20h 3e¢@8al/ OP8aSHIREY n@ bERETROATS | HIPEYC
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significant fatigue, as It tes to normal and
shear storessti m«dmﬁxoaormam@one(lb)ostcﬂbtw asrmlum)nlfofthe

t he corrpo ent tive to,the ard is r g€+ (,C) 1.1 he
mass  p&fitd gpﬁﬁtdil%ﬁa?em of @Pytoﬁge%BWo?ﬁeﬁfgﬁgB (”)dmﬁng
signi fi gaNbyhel- c%m;%lngn@;ﬁ ib Qg a SREBNOHSRENIRRE S(which may be
participates in this no 1e}sns Ee vi brations; and (d)
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t he nodersdedped) of thet dmwp @laftetmretf orseld eorpongaky In

easily nam cal | X ted

Shones ERTLRE, Mgk BhbEemoiiR 4 KRR 8K MRflRuiop of
wor ds, whefle USinpenéntd I1DBRs hexgifaid by tht iavésbheliat Mode
| arge frequency range, as perfornmed, for _exa

HALT, t ﬁ@p%ﬁ@%ﬁa%IHWw@ amm@g@ﬂm n@élght with
necessarj, oﬁ’ec? Xgi t;'hgdcsc ]ﬁa@ﬁ’f n@n@nﬁ" 'glltﬂ s%ﬂta& anE's%V@ral

to the rrespon
expect edeﬁ@lﬂspﬁﬁl@cﬂingabwt ncﬁ;olmmﬂeértto thﬁw@cea‘ d:ﬁna, (a)t sirasa

been foynd_ by the jnventar t appe n
Type 3 gl §a%ses%1s%ﬁga% tzaer 8n 1F GrAks @ e%qrai%l
weakness, \WiyCdh da$ sPledhliy t%@&ﬁ%ﬁﬁntto &hk %ﬂéﬁﬁh?athrbfa}he

| aboratory HALT test (thou I's not necessarily
desi gn comaknest talatier ne d:ﬁlea bopeti fs dacgﬁnvéﬁt |tbﬁalmaSS

|
o Spi ac direHPEREgn tRARESE B g ButssF 05esitcats, 122 ohi%orine
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Shape Type 3, showi ng a single
(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-



conponent, in this case a ceram c disc capacitor 44,
which oscillates at 488.7 Hz, which happens to be the
second natural frequency of the board. It should be
Woe@d142hgt t he i so-surfaces contour A bor deCsntiner000293
conponent 44, indicating it¥-high displacenent

magni tude. Both contours A and B (Bis not visible in
the view) are limted to conponent 44) Fig. 6b shows
the defigrimd cshrane vithw bhe MSaESRaiUTRbe B doireing y sihtle
can be seen that conponent 44 is deforned relative Ig
its originmpenepbsin itbis cpse @ cevginicedisei eARRAIPY 4% WAY

vertical with r toeb O Lk o it

Vhat  cosetlabrb, hf 2867 ol RORidhs ol be RS 502800 ura)
that Figeqlihcias theltoatd 1aldhottebé abtaliing fheguo-esrfaces
showi ng a displacenent magnitude defor r.reqoll thgé)ei)é v\ﬁlsh
ori gi natunjouryehePadeds i FHec SPBPODERNY Yhe BTGRIRS o858

provi degh 8o BuEhARSGLARTAL Bln oheildk IEaRRIFP(E kAR Aable

In the CO6fOr Versi off, ferences 1n colors indicated
t he anpii thdeiof) wrdiimitah t¢ esmponeetd 4prFigh &b oshegrst e

1.0 range, etc,), a rding to a | or | egen [
"ot Aetmebabihe of 86 Argt attde Fedhehfl W el S
in thi syanplieafdean ¢4Hs0defSmé® ralative Noaitgediginvposition

the regi on of the same conponent 44, It should be .
not ed t liat, whide briginedlydh evesritertiealivith repatchIte the brpygs it

6a and 6c, and invisible in,Figy.6 ;

Type 4: Cbde e B S8 g iRyl M u] 88 foted
Type 3. gliaweyer gb i(Bs Tyde 4 allsane fdhmwingefifures ciHowdabesa
intwo or nore different natural frequencies. Each.of
said odispldcamieshs memHiudee| Jeforged el P&Ei ISR
of the sane .c [ : €l it i
i recti Shpyrt EANET bua 1Y hlk P SHIRI R0 o BhhBrnyation
in Typefdm the colesvesdorn. Ha theantbravedsiah) diffenendss harcolors

St a1 onapdeatofoBeRE LG dC vINBHE: $rpde Ry P PEP APl

122 Ll 8L SO B g ot g

PCT/ 1L2@R7 002956 it is in grayscale in this application. Fig. 6¢c 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
6¢, and invisible in Fig. 6b.

4. Mode Shave 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 3 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



-28 inventor that Type 4 oscillation also has a very
high Threat Weight. The threat weight of Mde Shape
Type 4 is even hi gher than of Mdde Shape Type S. The
woeyreriYal explanation for said even hi gh@CTIRIGAN0295
Wi ght is that when subjecggd to six DOF w de
frequency range vibration (such as in HALT) said
conmponent has a chance to be excited in two different

excitation, f Fﬁ%u?‘gﬁé &P osgﬂigﬁon 7&38@'&@3 7H howigh Threat

dr aw n oefnt
erspective view
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separ at Is a Type 3 oscillation
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oscillation is differ
each catl#ipeg éeglt‘fﬂb%§§2 ugl R?@%egogeﬁ ffloaﬁ (?\n 'SHZ)
Lhe Compongn ¢ gggnaggr%@lﬂmsyememm hesﬁédtmsr Typeighses

di fferen suppose that said component
|l ead i gubeaohamge emnplomﬂ:é:ulrt thos cebreadial p%ﬁcgfgﬁ T0oH&ich

m”ﬁ?fesgs,%ﬁi%?%' %Ep:lfl)gﬁeag%ca ! n@ll%*\g%%nsa& %alcﬁgﬁeﬂ b8 of

axi s di t bi t
Typi cal %ﬁﬁ tqu@&g’skﬁ@,?ésar itrary direction).

£ y, the maxi mal normal stress at tl?

i bers.oMadecSheneSypese Maste Sepe Hpp Srigshe: v otte Shape

g??ganmeg‘y@ﬁ %%?%Hgﬁt}g Wd fl\fd’d%r%halp%cﬂﬁé)[ﬂ,sa LNt Rient
oscillates in two or more different natural frequencies. Fach 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, thus each causing a stress at a different
location 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



| ead' s cross section. Yet in another exanple, one node
shape may WO 2007/ 102155 PCT/ 1L2007/ 000295 -29 cause
bending in a certain direction, while another node
vwhapa102hdy cause tw sting about a certai n aRCEHIL2007/000295
Qobviously, the main stres8%in one of said node shapes
is a normal stress (tension and conpression) at the
outer fiber of the cross section of the bending

obj ect .t hoMamitH ek & @reainl descsibrawhilbrasshe) modhishepe
the main stress in the other of said de shapgs is.a
shear (tangmee LWiptingt 30818 a THEREY 8FS; %’&%‘1 apt Hpe
5 is characterized h 8ReGefiordand
pur e I8€r§FS BEEE P %E}%ﬁw&éac apfg%g%ggg%%l\/bde Shape) ,
N a SaPRpFENANaBthe buter\iber af thegerpss sictibarogithe bending

directions. As I1n Type 3, the rest of the b d,,and. -
al |t hebischdfhoveBniameritle 860 HEbSATP R e Atioalf "X
are st atl et e ! dinl B Laid RS shbpaeiSaaneaF  Rmgantial
rel ates a1 80"t 0 a si ngl e conponent™ oscillation

si ni | argtices TyResfde AMddd Shape Hype Belsrehrsastariceh by Fyper
5 oscillation also has,a very. hi.gh Threat . ght,,
possi bI%o¥s HREP S?‘F‘H%Sh ohf W&eh%ﬁ]fa?jgé:;ﬁ%;%% %’\Q@%qgsa Tghe 8
and 9b xsh Qé!Vs*?lagé)?%”:Q s eBcor$eBen’ b viloptiagdin different
perspective view respectively. Flf{g. 9c |§ a.p ckurgrél
show nglitdrdionands PCHYR 3 therspleed theedaar v&n‘*f“gst. © PORT
and 10b are th I spl acenent nj  $hapee
vi ews WQ%H}%D%% ‘%hé’fi(élg,g%r %@?? %l}nlg%t%gq’? g&;ﬂi%?st v
(258. 7 k)asaMbdehghhpé type (7 28atesHzlso nat asatgle component

f f the PCB tively.. T fi

L e ettismertimiion to fpe dam ol petdeendotiih FRg LA
oscillates .at,.a 0 i i i Bsibly mighek
Tvo. mods Dot Bl e SRl RO AELEHanRY 198

shapes {ihe erMsiaShabefyse SwhigseO antlid swrondraping of 2
srave BepCiAELel SIS ol 900 Spplagll 2% s o
be. ot bl PRt o e e Bl e 1
Fi gs. l1@ad I@bdatenthiesdibplacé¢ment 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 5t natural frequency. 1t should be noted that
the finite element mesh is visible in Figs. 10¢, and invisible in

Tig. 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



Fig. 10a, 10b. 6. Mbyde Shape Type 6: Mde Shape Type 6
is a single node shape of a specific natura

frequency, which in simlarity to Mode WO 2007/ 102155
WACTorR0B7/ 000295 -30 Shape Type 3, is charatienizweros
by a dom nant |ocal oscill&0ton of a specific
conponent, however it is not pure. In other words,
whi |l e said conponent does oscillate in a clearly |oca

nat ure, 19f 15 0RtEsH 18 o lbmiRear Weall dacilagioni of
a Typeﬁ%xﬁéé%&%ggf?%%%ionF Isai%oulé be noted that if
sai d Typepdcifis cotpatérsn bofvevkie ibéamgt eyl oihen grds,

sane region of the said,conponent . whi ' '
Type 3.ValA GIEETRSRFRY AGHE e I ﬁé@éﬁ%@ﬁéﬁ%ﬁ% it
the resy ,off thbeeRognd) base] Gibskicnth aolepel I tite bhsllation.

other either by their anplitude |evels_ or, by%EI q_teig 4
osci | | dti doutll bectdtet that sawdl Byra $spidlationt ¥dtaehgear

if said Type ,1.and Type.3 il i | t

i n sarfiém%ggg?toweosfa‘?%ge%,%%edé a??‘ C?ﬁégﬂé\mﬂtﬁgﬂg(ﬂgﬁﬂams
have sigiT@se 3.08¢d bhabbaNaaom (of tidecdepeientamd of the rest
directions, they woul d have bee rged to .a Type 1 .

mode shefpthe Pherdg| eefishinat 9P @Ii‘ﬂgﬁ'l.q gﬁ:}e&' e@%@%%y their
mer ged ShpliftdeRyalt 0 8h 8, doniinasd altkpgerl 1t BRAAR also be

becones, he reduction of the total ,
Threat Méte@hhat I sail Toye WenghfypeNbeteilBiiape wryhébgth be 1n

e osampardoscy f POl ARbiig Hol ot B0 b siiar
been f Oﬁg};%lgtﬂ%? gﬁtﬂﬁ?& 18561k lahnat digtishs,ahbasvoald daye been

hi gh Threat Except if said nerged situation
occurs) meFigl tdd Tgpe 4 wodpihapnehie AREH FRRISITHREMR dpH°

shape view of P "C' ..show hg [ ng, i
this caS® ﬁn%ggﬁi ﬂﬁ‘l’ﬁ‘w@}’e ?of@ﬁ‘?c@‘g{é%&%ﬂ@? B%O1 thidat
. Whi ch Oﬁséddl@,t, 8&sMingd 39 I Orddtictivhiot the bephEhseatoVbight to

the 11th natural frequency of the l%gard. At1 Eehe sane
time, anmobheweisbgi dlodg1Shsper ReppEaheedprq selates iy jisyee e

52? grengggr%p%ﬁer{ttos%ﬁﬂti%ﬁ, B&cy 1608t PRNEA M8 Puks Tt
has been found that Type 6 oscillation also has a yery high
Threat Weight (Except if said merged situation occurs). Fig. 111is
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
gsame time, another region 81 of the PCB oscillates in Mode
Shape Type 1. It can be seen that the component 80 is deformed
velative 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 Shane Type 7: Mode Shape Type 7 is similar to Mode




relative to its original position. Since region 81 is
at atotally different location, far away from
conmponent 80, the Threat Wight for conmponent 80 is
WREWTHI2ZYY, sane or close to as if it woul d PREHSMFEEHIS
a Type 1 Mbde Shape. 7. Mdel-Shape Type 7: Mde Shape
Type 7 is simlar to Mode WO 2007/ 102155

PCT/ 1 L2007/ 000295 -31 Shape Type 3. It is

char act 8higee Ty 3. dt pusterhaeaized by ial puat ilonl ofcillsion of two
nore specific conponents at t e sane nod
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and al | o116 nathel £cGABRGNOIRS rile gRGhe §56id bad elldhoalther

and are stationary, simlar to Type 3. It has been
f ound t bahpdhepes @o et bdiBatieort dl.sndhars statiepyry, wirgHar to

Threat ht f.or .each, of i dwoschl |l a

i i VRF e Y R Ree SR R P B PRl RS TR R A S
not ed thah tl‘BFeaL”We?%ﬁ%‘S@Qé&%ﬁt& i€ ds&mhé&doﬂn@oﬁ@i’cﬁ in
Mode Shape Type 7 Threat Wi reduces if

differ ealltmmim padMadesSaneeypos [%fs@ﬂlrdd be ahpdibat the
d. Th
e v T ST R OPSEAGKAGR, Tl e

rections ar

i nvol vegpréhiewoiandetutds ibeitisrest b@mﬂahmhsaﬂ:wa@:tml of said
external load that will cau such, a c lex .. .

exci t at FORPOIETYS a1® i luedy L Eﬁﬁ%@ﬁefﬁf SH&@ Fhgtion is that
| so-surtac orglc% WBhefts vﬁﬂ@%@n Qlﬁre@ﬁgns Gro SHRMH) the
two vibrati r‘?p nents 0, his case

ceramc hdr&er 11; é)@{mnea or Bnd whi acdnuaisaxtenmﬁ éoea3t thesvill ¢quse
whi ch happens to be th

| f
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90 is veryslirghs Howe¥el nlddesiouled cbPTBtagl shbaing two
sai d corrponents 85 and 90 oscillate in two verti cal

directi ofnisca(:mgoucg}hpqamelxtan&ﬁ)t&@e e ithisFrese poyamic disc
3 cattenanne. vl a2 sh s R SRR RN B B
osci | | atgaom i LACkeQRBcHRE Ehi mws@fdt éfhe Thesat TWeight for said
Vet gnt Vgrﬂp%ngr?‘t\é;e%bggg 98%] ?rle%? {)fg% %i/o(?vnevles,sﬁ s ogfgi be ngted
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



certain extent. 8. Mdde Shape Type 8: Mde shape Type
8is simlar to Mode Shape Type 7. It is
characterized by a pure |l ocal oscillation of two or

W r®74pedi fi c conponents at_fhe sane node sKREPELASTNEI20S
in a sane natural frequenc?é The rest of the board
and all the other conponents do not oscillate at all,
and are stationary. However, the oscillation
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bordered with mark A which indicates that the

def or megmphkiple of cammprpent RE0uFheant be gy iineFig. 13 that
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examined carefully: In said example, both components 95 and
100 have the same geometry and mechanical properties (ie.,
they have identical packages). When said properties are the
gsame, it 18 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



sanme, it is nore probable that the conponent whose
oscillation anplitude involves a | arger defornmation
(which neans a larger bending angle of the | eads of
WHelgdeptnent in this exanple) is nore |i k&CEILgo7/000295
fail, and it wll nost probﬁ&y fail first. 9. Mde
Shape Type 9: Mdde Shape Type 9 is simlar to Mde
Shape Type 4. As in Mde Shape Type 4, a sane
conponeftmegewipbhentedn ptherwrrds, ModeShapd ‘Erend relates ko

frequencies. At |east one.of.said,oscillations is.a

vae 5 Bk Eindb coRRben SENR RN pgE Bl R fhal e o
anot her ogmUlgiGNaRe Has Avekyldgh Tosehl WaldiaNe@h higBedEhan
2007/ 1021, 55 PCT/ 1L2007/ 000295, -33 same conmponent. 1In

ot her wef Modentuwe Simged, thpeeh it mightde someshatdoger than
i ngl i | Latg.qn., Lt

Type o SBTRCRRAbe Chil w2EL 14k, i 3 ARERReHE fnbBtiude

Vi ght , defeemeli lage tdanrefatinkbetiGhape (T9pe93kz) hatiglhl

it mght be sone Jower thap . Mpde Shape Type 4, .

Fig. 14 eﬂg?%cyd?é\%égcéﬁenﬁl%égilﬁ ll\iégﬁﬁa‘ifé‘?eé‘rtﬁ’éag%‘ﬁ‘é 180-

viewr eg&ﬁf&?&%a‘h@odﬁe%}%@tﬂé%&? (9430 AN al frequency
PCB "C'. Fig. 14b is d t

frequency o I spl acenen

magni t udePE0C's (hkdupses sintwo ur sam e vgmopdnenhein] ik case an
(1430.0 . hatural frequenc f..PCB."C'. .The figures
Show a SRBIEBRFAERT FRIter JaFe WEHet AiaAC S Dire
el ect r olgthi 6sGBRASH 9he DR tMbi1oh Bsklh]l BLOSRY, anRU it
| ocal oscillation Type 3 in the 12th natural

f r equendsgal,afipugh 2ot peesaloscillasigghTyien Gpuy ghe 11% natural
i 11 atjon. Type.6. Ln.the. " (1
oz a1 0250 LISt ha G pesten i

region in y 0SscC
i ndi cat @gllitateliig Fid 4daas reg@®normsl06) . 10. Mode Shape

Type 10; Mpde Shape Type 10 is_also simlar to Mde
Shapeler%éi@_zn.ﬁmgiﬁﬂwﬁ% MpdpShrppel vPea 18 dietled fiBReN
osci | atl\)?t?de'. ﬂ%\atp‘ﬁffggygetMs%qM;)&@Sﬁ eo'gg#:ff‘ft algame cqzréponent

frequenci es one of sal atrons 1s a
Type 3 osallhieatindmvoodr anccemitfiorent nayetal {edquenass. Ahdeast

anot her MRaF sl Behiods 18T ye ¥ oaliffiiod o S %omineal 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 hag 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. 15c is a picture showing
the same PCB in perspective view. Figs. 16a and 16b are
displacement magnitucie iso-surfaces views of two mode shapes
referring to the 6tk (741.3 Hz) and 7% (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



i nvol ving a sane conponent and yet an additional
conponent. It has been found that Type 10 oscillation
has a very high Threat Wi ght, higher than Mdde Shape
Wy pe7/821%egar di ng the conpgnent whi ch osci PEEIIE807{0A0295
the two or nore said naturaP® frequenci es. Fig. 15a
and 15b show a drawing of a PCB "D' in top and
perspective view respectively. Fig. 15c is a picture
show nglockhescbaeorPTBre M persside et naduyaleiteangs. angat a

of two Mote SHeLIoDr of Ly FRG teo¥ FRecBf, b, SR St

and 7t hefezgﬁlﬁlc'ﬂé}}aﬂﬁdﬂ!ﬁ%b in tHeBHRAEIAS fx@ﬁu&ﬂﬂ:@ PCB "D
respectively. The figures show a sane nponent,,

this bhymmﬂmm ViR cFhomectYReat 45 B combinrBomet
2007/ 104158 f ‘r%ﬁé”q’ °£$%$5Moa§”sﬂa%%a*r§8ezfﬂ g&abibrggme

Type 3 | APSar & tura requency,
Shape Tmap&lént@ obdillstecinsepirgetaiatbrativh atm @itain matural

el ectrolytic capacitor 115) nat

f r equen&eauencvId %W%pésﬁ?plgn i‘i%& % ?hﬁ/ﬁ%mflsald
is a Co%’ﬁ gﬁéfsﬁg ggcﬂlgﬁép?n a @Rl YREa17 ml’ﬁ%tﬂoﬁ Madein an
Shape Type conponent s osci | late in a

pure | oadditidniai atatomlafre@amyt & &naﬁdcte@nafouﬂﬂr‘ét{l@e’-ﬁm& 11
However de ,Shape T

corrponeﬁ?%lﬁﬁé@ill A5 HS] f FEIE h Ee\‘ﬁs %é@t ?05 fhe mtvolved

an add'cgm%ﬁﬁénﬁéa sah7h ra@ﬁuﬁnﬁéihov* t dlawikeen af]?de'E" in
that Type oscillation has also a very high Threat

Wi ght ~ ftop arhk Hensaoctivel viewsrearastivelyri g8, 1¥valsandpistie
show a dra of a P p [
views r ec’bﬁg g ﬁamﬁCgCB%}cb %SSP%C%%FC g?‘ré%rl%ﬁgfv%tangﬁd 180
same PCBrbndipglaspgeht MRapbiewde Fbgsurfida a:mbsle twar mode
" di spl acenent magni tude jso-surf ace VI e tﬁﬁ?ﬁ?%
shapes rbREeY refgriles thdhy (TP 1@@? e ¢ z)
(1096.5 r i@ »af 8;%1 Eihe 6 h
respecti veFlr n@%@@?llcbeﬁrggygﬁg %a\/\é)econ'p%nen?s gulrﬁs .
this CaS;@vc)Cecfrﬁmmerﬁia; sim thipagist oresahR0dimedcapacitors 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



125, which oscillate at a pure local oscillation Type
7 at each of said tw natural frequencies. O course
it is possible to find or define other or additional
D aw7/18hape Types to the above list. Such adfFAL274p029s
Mode Shape Types may be, fof- exanpl e, a conbi nation
of one or nore of the above WMde Shape Types. O‘
course, when defining such Mode Shape Types, i's
advi smbﬂuéat:ﬁml pindv safd AT daborbinghtesh| was te(xtmﬂ%y offiigh.

t he t|onal It shoy] d be otedthat al |
sai d 1?%8'2@}3‘3@60\“@?&‘%@1“&? Gures have been

t aken _from real PCBs that were both sinul at ed
according to the invention and tested by a | aboratory
HALLT Medelhirestiod t shoul d be noted that the correl ation

bet WD, 2007/ 1 /
et el b P R SR P AP R BB ey
hi gh. 5 nEe §t8g ks BX@aRtces initk lclderts onddid df tier ebtedfreduct,

b. Mddel creation Having defined once the Mde Shape

Typest e aplathesP Gﬁéﬁﬁé@?ll"y Meoye partigulggly, aLpBisch @”?ﬁﬂ'?e% and

Cr eat gcc %q%nf}hf:}?%% e%g?ft' %gl th%f]?éﬁelstc@e%i%g Reatsaid
e., assenb re particularly, a

c ?r r ﬁmbde]dﬁichldeed)oah dhe etmaml and ité nbmpordrgmefenemdll the

of the PCBis c ted, wherein said i ncl S

bot h $HEPIERFY si fuoriEheht s CO@@H%Z arrreves?rﬁ 4> The

conpo Fan®aF ik cahs Qe B 16 el Mct! 11 88 e 8teases
I fportance of nodeling the leads lies in the fact

t hat the lendy avageswedlivet peddd the compenewtaidesicagaplastrity

t he co nen t he I s el astiCi t

r easo]rf' t%%ﬁﬁ%ﬁ%ln OCQEYWOIDSP% Bé’a{?ﬁloA t? h%ﬂﬁ IQ § Qften
br eakb%‘k Hee f Rt E@tie. [Tt ibSichpRedttand dse tl“ﬁ@righe ﬂypgdﬂtof
types of elenents in the finite elenents nodel, for .

the peiepeses bt tl@@aflmtmq%@ne%@rme@@ fapiheseipate phebtaining
]tcgre gga n%ci@epe%?eégga tlkPé() %ngoxgar sogtjlcggg%h? nMdehe
elements may be, for example, 11ne 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



MSC. NASTRAN which is a very common comercial finite

el ements software), or surface elenents (triangles or
guadrants), or volune elenments, or a conbination of

%?QW&?*’Pypes of el ements |3 the sanme PCB REH&2007/000295
conbi ning el enents of diffe Eht types, which do not

mat ch in nunber of DOF (degrees of freedom per node
(for exanple conbini ng a vol une el enment of 3 DOF p

node (Ninehr ar [panebodick pefp" elgme@twlpk@ruwéd 'l awrtoﬁcla of
surfa er&epl..telge Ofil ]ﬁ‘eé\ ei{]nqugnt is a V%Et Qb ﬁicreasmg

neces ermtl cal I on

requi ﬂﬁ%d@ﬁid&ﬁﬁ@ oﬁue‘rfvﬂﬁeim deBRbsitef eldﬂnﬁzﬁe gleaqie iehxeumm snd
nodes, known in the artd(e g, Ml tipaint

Const*i}@l ﬁtﬂﬂEq akentesis sohtigpsdNABTRBRIRode the omgsls tepprdRs
Known o'ugs %gaéacht@gﬁgwg 185 nhe S £ 138ld 1RXPEad of
00 e nmes

m smaf | 'em en choosing 't I ng strategy,
it Ssp’lﬁ;ﬁmgrthd demeeictodenuliet hies eIdIﬂerH;b.e’ﬁh@hgth of the
2007/ 102155 PCT/ L2007/ 000 95 I ne ro. .

* par abdl | mpthpd isythad @ﬁé%t% qunpn’bés E?‘% ‘E'Pﬁeu%lﬁ%raoggﬁr
of tPRshPi.eMat mgeﬂ ﬁuhﬁ)%i‘ W%aﬂ@xf 'sﬁ%”@l@ineh%s M evedy

by increasing the polynomi al order which defines the
el erremlyadmapaé ofrdere flihe ey ot "h't rederfsiinithe ash et iypical size
sol ut ur se b

cach & dherloBRRb hEvaSniie "TRLBI nB| ModBs™ PHE: Shdoioe

split wﬁﬂo&hﬁ #HemBNthd BleBirRlt). eMThsi ﬁ@p@ﬂ‘a@mnét@ateﬁﬂ ®f the
approach of the "h" nethod is that nesh refinenent is

a;:hl egeuneyy ureded mloffltﬁefﬂesmﬁghan‘ﬁ the meshing afrabpgrpiéyell,
0 S”&Lﬁq)ﬁﬁ 1%{% %? begrc%ﬂ{ﬁte oﬂho%t l)f‘é‘ﬁet ﬁ?ﬂm%éﬂ? Weglieﬁ’(ﬁgse bnd

The sy rs’mn t Si ze

of t hgodken@nipes/ditieheedthe S\,-iﬂt)l@lms p "Ar eﬁﬁf@resﬁeﬂ’sﬂﬁomr tof
to the polynom al order of th

pr epafUEPYIISE rlardigpight ]?Iﬁ’é(en’g C{TB%]%’PC%F}S bra grode
meshi pg,»ang: (g n&ﬁﬂﬂdﬁgn rat ﬁ@feﬁf@%@ﬁgamonsmkﬂedﬁ@qn

to an accurateé sol ution oi‘sstthe natural frequencies and
node ghapes fepjenvielehdris thaalcysiase détanled reguigsa nelatioornt

gﬁ(t r gg{?% gtg%qﬂly%gggnrgx%mplg rfc?rva? rs]hltgfalgdélgxgeg’cng 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



shapes of these conmponents. A misrepresentation of the
PCB in general mght not lead to the accurate
detailed required solution of the nodal anal ysis. An
VEQAWHIBIFor a suitable elenent is a "p" typ&CTILIOT000295
tetrahedron (pyranid el enenB7- 4 corners, 3 DOF per
node). This elenent allows the creation of vol une
finite elements mesh that |eads to a precise

sol ut %E@ diPhdehRno bRt chaie dlefiand s 2 liyper tdntisiattion of the
tetrahedron is not recommended, consi dering iyge .

r equi hedeabiogtiaey. Tihrhdeads' te ywpastanhesirains mghions in the
tetrahedron el nty | ery ., connmn | Y-S dHik €0f th
el cronbieny oy AR Pult e PRI, A BRIV RSyt the
"h" t¥pplakéments i theraxes dizeoti)nateGtrmsersolelienenlish is

(which may_ be_  used, though neshi I.S nsi der.apl
conpl Peoaeeipral thi 1% iy S‘Plé‘tm]&o@g?ad%?‘gg’yt BEplyis the
) Consgtﬁgﬁssﬁeﬂﬁbp%;y tﬂ%éa FEEQ{}:I'iX -B@et]:fee@l_%@fhici'tys hb@biebh8s also

shape functions o i s el ement, which expands the
sol ut ¢amstdrmtomwithire thaodemend sphee. ePid r'd " elyprelinesgphgwdes

oo PLANIANCOLons, b s P CSIE 538l U
2007/ 3221aomPRE LoRAQH, 00Q2%t addirhtd esteliss pkalapBNtSaid

solution is defined as_a |inear conbination of the
shapeekureot cansiso Mvvide 2aoed tameyabentoleionfos thermal

solutions in_the .elenent [ e e ral
are t H]é()bg@rné’d TS 1§fW1pﬁgunc§§IgB%§;g eér%r)gl(r‘sl?ésﬁi %éa{t%hgﬁ%xeg%ﬁém’
di r eChb®BSor, Irehs iR e Tr&pleutiep Aynuwhiic bolitfon, this element
proportional to the strai r% sol ution (obtai ﬂedéﬁg

mul ti BRyingrathem of reviensstErsar BYCh HReRRS thyt §pe madural
el ast H%hhgnc%dwégﬁ%edt}ftﬁel sﬁﬂlull{i:@&? W habh i Haies then
el enment *space. Sal type 't near 4 nodes

t et r ablesiraaud oabgneah it te tagph davby frovilde igoodxsmald that

e g e

t ?”pet(afﬂe%n% SOUH bR vhRIdarobRy 8B 5 tREARIIOM e Which
will function as a constant heat flux el enent,

howevér defired whb gher polyhowiplendprss(paysholic anslorrls e 1o
this elarenln nag &Rl OGS o PYEla S Ll Rl b Nrfils
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



frequenci es obtained by the sinmulation wll have

hi gher values then the real ones, even if the nesh is
very fine. This is an exanple that illustrates why
waelgordnl y used |inear 4 %gdes t et r ahedr oPCTELHFIG0293
shoul d be avoi ded. However, “d tetrahedron el enent

which is defined with higher polynom al orders
(parabolic and up), has no such problemof "over
sti f f edel Amethar aivantattapleuding dhe opnsmethek of cogisagisalts
parabglic "ht.type.teirahgdr 1 S.a F nable = .
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anal ygbmtie! diricdmaticA prpcess) Yipgilt einvahesicon bakedremt ai Hre
even better for obtaining said desired _solution, as

it hadelgee calvRTEPRIfal CTHEVANt Byas makep it opfiel ik rpure
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woual {ySHERE 48 SRALIR, pBRREEL 1081, ToP angihet ifhntage of
t he sadingi'eh,ischapaheny”tdemebt benemtliyngives detter tools for
usual eco nged when using an "h" ele f.. .This
rreansi"%/’?’fgfn& %g&i}gfegwl%tw 5oPerYeAba PRRIAmS: Ghis Hoportant
convepheRtieaRe MY M iflcd BOB! dBmAMTORS, OfaESif using
This Is I nmportant because anyhow | arge nodels wth a

| ar ge"plurbemalf dinowésr dreel ek pecnawbnewhihighdthe mpiresanted
to generatei%%%h detailed PCB finite el.enment

2007/ 1938 85" et ~1T2 1666%§T°S-539§"?’r%e1|n.aKﬁ?séttﬁ%%rone side

advanifage glemssk g thAgentPlo sl BRRIdOTHEOYS S clhdslsbion,
known ability to increase the el ement polynom al order

usi ngwhHe the epaesilesidet grame elsmeaéds tapganti to the opposite
COF‘VGE&%{&%&@% 4,9 %&g&%‘éﬁoge{)b%ﬁsﬁo V58 B easier to
criteria. 'S nmakes Tt easier to ensure “obtaining

t he reguh tled wog beaniselthy elpiciatlemont et bashthnt hgge.0fhis
“using "p’ is that the "p" elenent generally gives .
bet t el® pbered dien Hemd Ihglanentsc hPsaugeotBing the ghative

rati Ogﬁc%%gﬁ'qﬁcregj&hé th§ .o%%ﬁia“rdeWF&eq&%ieﬁ%..ataid-gttﬂo’?al

typic geonetry. For “exanpl e, usi ng
snal | mdil-ardeemnaly dadddfedaup dmpondnd amoghthdmction (assuming

90" SRenL e 34 8,5 Nl S BIER PLORD. 12 ) o s
is tapgesd the eRGAUISIsdtihl bRl QblvbheukEosenttd iWwih a
polynomial order up to 7), ete. 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 generslly important to provide a detailed mesh of the



whil e the opposite side of sane elenent is tangent to
the opposite outside fiber of the cross-section.
Qoviously, it is nmuch easier to nmesh this way,
weeeiide1ihe typi cal el ement can be rather | XCHAL20THI08295
is all owed when using "p el3@mrents, because during the
iterative process of increasing the polynom al order
of the elenent, additional md-nodes nay be added, up
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node$CEaonas sndinée %W@Wtea%% AtP %fﬁ'@&%’o%z? ‘i}‘g’éeénely

! t
s oatiaPenteit s ERmEY RO boboti ik dybloalle ey BEI for
MesNicRgmpld, cbBipoRiie llﬁwirf@i striadl ssmé ut Ilght whight.rrad which

usi ng such "p" elenent can foll ow hi tgﬁi’dl e E“%’ff

st r aihaye gceense oft gravity Fauchs syt Flose aceyfor

maxi mal r}lm\f& %@'s&@rgﬁf rfd%@&ﬂ@t!mtﬁ%)aﬂeé‘ls@)trs onehsiede an

to a ﬁ%m mall negative value of norma strain at the
0pposkt@nsdld Q;gﬁl'tmﬁ) ahdtmshohatclt heo mnpn‘gwﬁ} sebiadl, 3 is

p t th L ut |
t ﬁe s Iéls()gr%:?{)lélg{a[éo %g'%xﬁéﬁe g@%ga{l l 0(5,] fng? 3 %Fé%: {ﬁ'nmc?hé] %aseAlfé)r
opti "Eglarrﬁhg "ﬁ% ﬁ’d%?xia?@ﬂeﬁ@@?ﬂté\ﬁon height Ibqu%d foopravide

specific purpos of the invention. As said, it
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i ncl il ﬁlaﬁ?l%o 51:% §a1fle§%s§)%§ﬁ%§;\s§:§é:§9 a t)%g% cal
PCB gy, ud Q;Oﬁﬂﬂiﬁ@ﬂﬁ Niagzhith be h regresdrtodn usimgbetructural
extremely reliable. Such extrerrel y reliable
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mounting) resistors. |f t extre

pr obabﬁlpnglygttﬁéﬂw&?@ﬁd 8 n&"‘@ﬁ’p%‘ﬁ’éﬁﬁné\]ﬁhﬂ' “AopP alal gonggonent
not a bé (}Fgfe%ghgzﬁ ﬁéhg detAbl edageshnin dtbached to a

such exa e, an ap Pr oxi mat e
repr eﬁ@dm afrmchrnerin@’aed be t]meseemtelt ot gragvivge thejgamponent, and

Eglt ];]f neqs;? ogté:rolngle'létleg To Re oard Thh 48 Qltgre{ Bﬁd Plhydlement.
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



and mass contri bution of said conponents to the

sinmul ated PCB. For exanple, a conponent m ght be
represented using structural elenents defining an
Veppooxizhat e box shape (mﬁthg@ t he conponeRETHIEATYYPI295
In anot her exanple, a conpohent m ght be represented
using a scalar nass elenent attached to a node

bel onging to the board's nesh. Still another exanple

a conhehdrsed ming lpastbexm@mge&tmee&na@nn@s fogud arVWsE’W
elenent ta a node which is located at the
cent i°M8t 6V§€ﬁg§&®9 the conponent, and the node is
connected to the board nesh using a rigid body

element. Yet in another exanple, the nmesh properties
(e. g.A mwdidager gructera st t b@ﬁrddﬁth§eEﬁ’$§meﬁ)‘l%‘Fg’ for

B

oard) 0 accoun or“one or
nDr e elefedtic hInC @Epengnidffer¥at nnatanadt herpeetienpisatropic or
conmponent may be apprOX|na nodel @% it wthout
nodel ¥thgrwise, maghisbe nepst &x eret é)a&‘B‘mf'a B fVER 10 2

bet wegn & h&.compenent and the board in the nodel is
very approxi mted and even nmade to be conpletely
di fferent then the actual contact surface (e.g. one

si ngl dSth’h?&% Ke n%%t%pt%a‘f (fﬂs a‘aﬁ%n fsﬁrﬂ%‘%q@éseﬁ might

I Nst e an accur rep r Ion o cont act
sur f apesddarare o tﬂfe@rmﬁpommeolldeadg Joam teiidhebolay d)sing
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of field e. [Ffayer struc ure of the board
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sur f | at e | e nts Yers of v
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|sotrgﬁhgoﬁyhﬁyggagrguﬁﬁheHyag@t be used for different
parts of the mesh, even in a same conponent. |t

shoul d still be noted that it is possible, and in some
cases phln M@ tonditions (constraints) 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.



be desirable to represent the soldering joints, either
by using suitable finite elenments nmeshing of the
soldering joints and corresponding nmateri al

VP ap@it2ids, or by locally al tering the pr oBETHLIAL /089295
t he board, and/or con‘ponent'é‘.'The sanme di scussion is

i kewi se applied to the coatings of one or nore of the
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art. This step Is generally performed for a'typical
r el evahtpasr Stidlf anmsber apppoentynay hade coMpine saigappagaches,

typi C?érl glx’anppli(ta, tg%txtpa%g %§§ ﬁarsls ltherf 8¥s%rzot I?a%ug‘glr@eequencies 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, ete. It is a common practice to graphically represent

a massive set of alphanumeric output of wvectors. Such a



used in a specific HALT test. For exanple, a range of
O Hz to 2000 Hz is typical for nbst tests at sone
HALT | aboratories. Thus, the simulation mght be set
WXt EEt al | natural frqugncres and nodeFCHHaplEg0295
within the range of 0 Hz t672000 Hz. Anot her approach
m ght be setting the finite elenents solver to extract
a predeterm ned nunber of first natural frequenci eﬁ
For eeprpeetation, isxtheacentent dofi har pyeseaf dpgpntion, will be
frequ cre % % c%%r (Qpndlng nmode shapes. Stil
anot h E’iﬁ ?51 * e to conbi ne sai d approaches,
for exanple, to extract not less then first 20 natural
frequencres and_ not Iess then all frequencies within
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concl usi ons. As said, in this step for each natural
f r equdnuiygarddAtdrees pondi ng node shape found in the

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 (&)
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



simul ation, a conparison is made with the set of
predefi ned Mode Shape Types, to find matchi ng between
each of said found node shapes and a Mbode Shape Type.
) 2007/HB13g such a match, th correspondlnngF”ﬁfl"e?éi‘l’”"("’2£h
Weight is also found. The coilection of all the node
shapes Types, which correspond to all the npde shapes
found in the sinulation, point to all the vul nerable
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firstWeigldef i ned number WD 2007/ 102155

PCT/ 1L2007/ 000295 -43 of conponents having a

rel atively high potential of field failure, for
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number of first natural frequencies; and

¢. 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 ie. the displacement magnitude deformed shape.

However, it should be noted that:

a. 1t 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



exan ning the node shapes of the first 7 natural
frequencies. In this case the node shapes of the 8th

natural frequency, and up, will not be exam ned
V&R PUOP/18ASt her exanpl e: findjng the first twsCT/IL2007/000295

conmponents having a Threat -dfi ght of Type 4 or higher
Threat Weight. To summarize, the nunber of conponents
to be identified using the invention may be linmted
by usidigngreasié nhlyaliebin enother crMTei dh offoiaRien ahout ¥
nore limtations as follows: a. limting the frequency
range ##5t he natural frequency sinulation; b.
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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 veclors, strain, strain energy, ete.
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 2 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



be exam ned for each node will be cal cul ated as dx2 +
dx' wherein dx indicates a displacenent of the node
in x direction, and dy indicates a displacenent of
WHeliderdsi n y direction. In this exanple tRET/IL2007/600295
di spl acenent along z axis i4$-ignored. The use of such
technique may in sonme cases increase the sensitivity

of the observations, and reveal sone vul nerable
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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 Hmited 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



whi ch represents cycle changes - not displ acenent
cycles - but ﬁycles oflother physi cal paranmeters such
as stress in this exa e Therefore the term
WRIWTMZESi on” in the (r:rgnt ext of the present PCTRZEHIEGHS
refers not only to displaceHent oscillations, but also
to stress oscillations, strain oscillations, etc. It
has been found by the i nventor that in some cases,

and f qg),qBY, baid) sbype or ahy combomdivnsf satd fous fuges.ul to

i mpl enent the met hod of the present invention with
said stress "nopde shapes”, strain "npde shapes”, etc.
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shoul d be noted that vibration is thEe basi s .faor

| abweritier. higtan 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



procedures, and that vibration is the main cause for
conponents failure. However, HALT includes thernal

| oads as well, both steady state cold and hot steps,
VR OVHBIE thermal transitions. The nethod ofCT/Hg007/000293
i nvention, as descri bed, pr‘br(ii des excellent results,
both in the context of HALT sinulation, and in the
nore general context of reliability _sinulation not
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angkctlaestiml vhbadsinagpiniel vorative epodened Feith thermal loads,
and it is therefore an advantage of the invention that it can be sensitive

in terms of identifying failure of components without necessarily

involving thermal influence.

Tt 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);



summari ze: thermal aspects of HALT can be applied to
the nethod of the invention, however it is often
unnecessary. It should be noted that one of the main
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into consideration during conponents failure
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5 manner in which PCB "F" was simulated.

In order to simulate the PCB "F" for HALT according to the present
invention, a 8D 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



and (b) the | ack of danpi ng consi deration anyway
increases the sensitivity of the solution to identify
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degrees of freedom constraint (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 ProMechanica 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 gpectrum. 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

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



degrees of freedom per node. The nmesh pol ynom al order
was set to start from3 and to increase up to 9 as
requi red, based on convergence criteria. Materi al
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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 3t¢ natural frequency, 814.1 {Hz], a
pure local vibration of Mode Shape Type 8 of component 130 was found.
With respect to component 180, and together with the previously
discussed 2rd natural frequency mode shape, this is by definition a Mode
Shape Type 10.



natural frequency, 561.9 [Hz] has been found to be a
pure | ocal node of Type 3 of a conponent marked as
conmponent 125 - which is a speaker (see Fig. 23a).
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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"E"
Natural Trequencies in
i il has been Components that
which a failure has Mode Shape ' s
identified T were identified by
ype .
Frequency the simulation
[z}
Number




second natural frequency node shape, this is again by
definition a Mode Shape Type 10. As shown in Figs

27a and 27b, in the 5th natural frequency, 1291.
W@ﬁ%ﬁﬂmﬁ“wbde Shape Type 6 yibration was fo@ﬁyngmymmu%
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shape (i.e., the last natuyral frequency and

corr espdadi.fg npde $hape) {in th& scarnned frequency
r ange—the—resutts—of--the—sinutation—accordimg to t he
invention are sumrmarized in Table 1. PCB "F' Natura
Frequenci es in which a falkbig¢lhas been Mbde Shape
Conponents that identified Type were identified by
Frequency the sinmulation [Hz] Nunber WO 2007/ 102155
PCP/sLin2007£©00295 -52 561.8 1St 3 125 796.4 2nd 8

13 mBtitnt 17598l Pl 31 8457 4th 3

Component 130: Threat Weight Type 10 (defined as a combination of
Mode Shape Type 8 and Mode Shape Type 3).

Component 181: Threat Weight Type 10 (defined as a combmatlon of
Mode Shape Type 8 and Mode Shape Type 3).

Component 185: Threat Weight Type 9 (defined as a combination of Mode
Shape Type 6 and Mode Shape Type 3).

=]

Pig. 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, 131, and 135. This example shows a 100%
correlation between the simulation results and the HALT laboratory test

results.

Example 2



1291.7 5th 6 135 1347.9 6th 3 Table 1 To summari ze:
Conmponent 125: Threat \Weight Type 3. Conponent 130:
Threat Weight Type 10 (defined as a conbination of
oW 'gr4fe Type 8 and Mode Shape Type 3). CERPOWEN000295

131: Threat Weight Type 10-%3defi ned as a conbi nati on
of Mode Shape Type 8 and Mobde Shape Type 3).
Conmponent 135: Threat Wi ght Type 9 (defined as a
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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 (l.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 0-800Hz (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



of variety of board types having variety of
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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
ete). By definition, the purpose of HALT is to detect design faults only. It
i a disadvantage of the HALT laboratory tests that production faults or

post production damages may cause components failures during the



Qut of 50 conponents, only 4 were detected within a
frequency range of 1500 Hz to 2000 Hz. The use of a
range of 0 Hz - 2000 Hz provides in this case a
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conpohdntaomhite Anpgree 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
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t I?:l?f%greg r%gﬂgpatc urte?sa}t THs® means that testing said 10 PCBs of
Example 2 using a HALT machine of another manufacturer might have
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



revealed in the sinulation of the invention. |ndeed,
HALT | aboratory test can predict many expected field
failures, but not all of them The invention is
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to the invention. It 1s still an additional inportan
advant exenpif ¥hde Shag@fﬂypa 2 haﬂefmedjsxmbe phjsect inwention)
nmeasures,,.t o reveal ilures, while the |aboratory test

i ncl ug&athis GRS ruénu?r’ i naccuraci es and unknowns)
whi ab) Bfofetilariyliecdledsthirtnt ThedesPoll pibsgtio, #lAY, (i.e. mode
| aboratory test is to identi fg desi 8n weaknesses. HALT
| abor atlps iadicatiag gopishitiusat §Veishhs cppeopent hassvihin
behavi gr, 9C4 20071102155 PCT/ 1L2007/ 000295
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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

wealkness 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:



However, a HALT | aboratory test uses an indirect
approach it applies an external |oading. This
applies "noise" to the test conclusions, for exanple,
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certain advantages of the present I1nvention 1S as

f ordedumsss. i ROGT/ ho2toe FET prds200 Men0Res5t is 68acluded that

E)%ﬁgp[lltg:eg’t Weight for component A having a Mode Shape 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



Fig. 31 shows a typical PSD acceleration |oading curve
of a specific HALT machine used by a specific HALT

| aboratory in Israel. This curve is "typical" as it
WRPIRT/EB150 a specific GRVS | evel . Suppose t B&I/1g007/000293
hypot heti cal PCB assenbly i-8%both | aboratory tested
and anal yzed using the nethod of invention. Suppose
that said PCB assenbly includes two different
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- 5%achine provides a relatively low PSD level of g2/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



machi ne whose curve is shown in Fig. 31, and of many
other typical HALT machines as well, are typically
extrenely low at the low frequency range of 0 Hz to
VHhYYTIROO Hz. Therefore, conponents that ac®EEELAEF/ NS
the invention are at a hi ghb4i sk as they have a high
Threat Weight due to Mode Shape Type 3 or simlar
which is observed at a relatively [ow natural
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WD 2007/ 102155 PCT/ |1 L2007/ 000295 -60 duration until
failure of the conponent is. On the other hand, if
such calibration is avoided, the analysis results may
be considered to be nore objective, i.e. referring to
objective reliability characteristics of the PCB
rather than aimng to a specific HALT machi ne. After
all, it is the general purgose of the invention to
predict field failure, whether in the context of

simul ati ng HALT or other tests, or in the nore genera
context of reliability which may or nmay not relate to
test procedures). In still another enbodi nent of the

i nve@liAivi§ the Threat Weight level when related to a
conpgn .be correlated with the duration unti

Fai T or a0 Rfn€ Bichehe et it ol bpae g of
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descri bed by HifaRPREes and mede phareppf the tPGR hiseibly apphe ent
t hat the inveaskehainesan be put into practice with many
nodi ficatigns, .variations aqﬂ aga tations, and with
the use of nlierous edui VAEHt sTHFCR ' ter pistylafgn  for
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skilled in thepgatlempy; thout departing fromthe spirit
of the invgntion,or exceedi ng the scope of the clains.
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i ncl udes co ts, cQnprisi. the steps of a) .
creating a %sggﬁﬁg?g t hog Pt g‘%@n‘o?‘&‘?‘pﬁvr\%i cl”f’d?‘w"é‘i‘li‘ll al
frequenci es eambonpdeidshafras:sdhvinhe JROBcassatbicllatian be
det er m ned; 91) a@efeﬁsgr l%eﬁ %f asa[hatdytregj[xin%cg elgyc%n %flaegs are

simulation for determning natur requen0|gs and
node shapes BERHfE aspemranestsinvipe apsiptively high potential
of field failure.

2. Method according to claim 1, firther comprising a step of pre-defining
Mode Shape Types and assigning a Threat Weight to each Mode
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 corvesponding Threat
Weight for each component identified as having a local dominant

oscillation in at least one of said determined raode 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.



c) analyzing said determ ned natural frequencies and
node shapes and identifying one or nore | oca

dom nant oscillations of individual conponents,

i ndi vidual conponents identified as having a | oca

dom nant oscillation in at |east one of said

determ ned node shapes are identified as conponents
having a relatively high pgjential of field failure.
2. Method according to claim1, further conprising a
step of pre-defining Mde Shape Types and assigning a
Threat Weight to each Mode Shape Type, and wherein
said step of analyzing conprises a step of matching
bet ween the determ ned node shapes and sai d predefined

Mode e.Types, thereb o determne the .

corr %?g%ﬁﬁ‘f‘ ﬁ\é‘e"i‘ﬁ}l%%c "’“Wé%/ @h’fref‘b? Mede Rharg ipphestiting to
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at | easi, i ;d rmned mode. shapes,., 3...Met hod
accor d?frlllgegét"gvec h%i%r?nsglfl C\?\}(ﬁlg?nga}i {r]l Two arus%r%g ai%?ﬂ% EWihe
Types T¥re| At dogpirant docpbessilladoneframe cospinkhtawhidnis not
appearpdig. in a same conponent in nore than one
natural frequency indicate a higher Threat Wight in

conparison to a case when a single Mde Shape Type
r el at i agMethod akmehhg Bahiinadnturhsciolpaibing Ona@pRE 6fthel a

same COoppoRent: idy9n.y one natural frequency. 62 4.
Met hod accorggngl{égg%l aim2, wherein a Mdde Shape Type

relating t® Hmiféng Warfreaqpence rhuseall notesll freampiies ofithin
conponent inme@@g@@ti@ﬁhi gher Threat Wight to said

component,.Jd 0 _CO rison a Mode Shape Type of a
dom nant | B)cgfmtb'gcp’f el’%f‘lt?rﬁtg%‘flueg%}'n%‘mé‘éﬂ’i’ﬁﬂr?%ﬁt rafifi ofha i s

not pure. Sprelbihodedoootediontyst Satoladirsqubncidsusidder
conpri st Ng,)oR&@ly WS ?ne?l(odt pegultsf 9«::; ltgéMf{:}xgin:gl (g] Eh%t %%gs

a) limting the rrequency range of natura r egu i es
within the Biedetesmingth pumber of components having a relatively

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 cbtained 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 g2/Hz compared to
other frequencies within the relevant frequencies range, and vise

versa, by considering a lower threat to components having a



b) limting the natural frequency sinulation to a
range of a predeterm ned nunber of first natura
frequencies; and c) limting the nmethod results to the
finding of the first predeterm ned nunber of
conponents having a relatively high potential of
field failure. 6. Method according to claim1, for
forecasting the results of g HALT [|aboratory test. 7.
Met hod according to claim6 which is calibrated to
resenble a specific HALT machine of a specific

manuf acturer, for better conpatibility wth a HALT
test perforned by said nmachine. 8. Method according to

cl ai m Gomfagheiobh] SAkidatiFACH LGS hlaﬁ%r@ @@Gé fWiGiPRRe h&ﬁ?' ng
regi me _cuyves gﬁ%$'$ﬁ alibration is o talneg
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a frequgncy spectrumin which said machine provides a
rel atively high PSD | evel of g2/ Hz conpared to other
frequencies within the relevant frequencies range, and

Vi seg. Wﬁt}ﬁ)ﬂ,ac@ydlﬁé)@%la% r1| 39 fo@ecla@i’iﬁ fthd RELﬁétof L @ab{n atory
oscillation

conpon S h Vi 0 m nant

whi ch Eé gb‘ges%“t‘ﬁ?"%n‘a%f P%ﬁé@ngwm% paterridndielh
whi ch §a'1iucb crfacPlﬂBrmmmlﬂyl des a relatively | ow PSD | evel
of g2/ Hz conpared to other frequencies within said
rel evant frequencies range 9. Method according to

cl ai AY-Methogracqopting &selping Lt fie peréosppncs ﬂéfana?aﬂab‘mgatvﬁﬁy
test, PoB Jslsaﬂh1meag§w@ncwsamﬁasthamﬂe ge lh TsIFRsTe

potentlal PCB assenbly. | O Met hod
accor dffg’ t¥§‘%ﬂ§Iﬁﬁkmsygmyﬁﬁ??ﬁﬁﬁhnce at an early
stage of a PCB assenbly design, which is earlier than

the st ! 0 he PCB assenbly is
avai | aglgeghédhémﬁgg t%cfldg%c%?%fyﬁgfo?%a%efsrﬁ b ey
per f or RigAEe s HALE bbpradmeisary  process to a HALT

| aboratory test.

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 18, wherein the model also includes

modeling of the soldering joints.

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

modeling of coatings.

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

mesh.



12. Met hod according to claim1, wherein the created
nodel is a finite elenent nodel. 13. Method accordi ng
to claim1, wherein the created nodel includes
nodel i ng of the PCB conponents | eads. 14. Met hod
according to claim13, wherein the nodel also includes
nodel i ng of the soldering joints. 15. Method accordi ng
to claim1, wherein the nodg{ also includes nodeling
of coatings. 16. Method according to claim12, wherein
the nodel is a "p element” nesh. 64 17. Method
according to claim 16, wherein the entire nesh is a
volune "p elenment” nmesh. 18. Method according to

cl ai mIMetb@abRidN® JREels, ivhedinf ihBichEreeh&NBAL vorRUe!
usi ng qn_%-elﬁng t mesh. 19. Method according to claim
1, wherBFfi™tHe™idYel is a finite differences nodel.
20. Method according to claim1, wherein the nodel is
a finit : el.. 21. Vet hod according to.claim
1, mﬂgkgfﬁgégggwggg%(%gmaﬁgggﬁﬁégVln%%éﬁéﬁ m%%@%??“ZZ.
Met hod Bpdelostierng rderedrginesl., wherein the nodel i ng of
some conponents is detailed and the nodeling of other

conp ts is proxi mated. 23. Method according to
cl ai %Bwe%ée?%?lﬁpﬁgﬁééﬁ%i’ geapeiherpye! i pdintg Aiesepend
each pmegents di spl acenent vectors. 24. Mt hod
according to claim 23, wherein said displacenent
vectors are spatial displacement vectors. 25.Method
accortfli Methed aechrsling p3laighbrigierein ltke modd is hdpés volomse
anal yzedggilach presents displacenent vectors in only
one degree of

21.Method according to claim 1, wherein the model is a boundary

element model.

22. Method according to claim 1, wherein the modeling of some
components is detailed and the modeling of other components is

approximated.

23. Method according to claim I, 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.



freedom out of available-up to six possible degrees of
freedom 26. Method according to claiml1l, wherein the
node shapes to be anal yzed each defines displ acenent
vectors in only one plane. 65 27. Method according to
claim1, wherein the node shapes to be anal yzed each
presents stress vectors. 28. Method according to claim
1, wherein the node shapes g be anal yzed each
presents strain vectors. 29. Method according to claim
1, wherein the node shapes to be anal yzed each
presents strain energy vectors. 30. Method according to
claim1, wherein the node shapes to be anal yzed each
presents any eigenvectors available froma natura

fre sinul.atjon. 31. Method according to claiml,
wher 2 8o R e T M e FpSetren Sde b prodssemt s

a vect exchwhisehtssgessabcdubat ed as any nat hematica

conmbi nation of two or nore eigenvectors avail able from
a natural frequency sinulation. 32. Met hod according
to cFhiMsthod sERutER i daie Inpdercindpewds thabes tahahydedd
each peehenisnidsigatvedorhi ch is cal cul ated as any

mat hemati cal conbination of two or nore eigenvectors
avai |l abl e froma natural frequency sinulation. 33.

Met hetl Mabor drarding to ddimi ImvBdreinhe meildshapdsab 8 hvayd

hi gh PRfcBRLdsBhes rainleh&ibfvdcaid Ure of a conponent is
defined by examning two or nore of said vectors. 34.

Met hod according to claim32 wherein a Threat Wi ght
i s ded.Maard bycornﬁ%gaimcﬁ!izﬂ g, ¥ MQRthd/Rb&: s@lfdpé%b He Xx@a%zgé S.
66 35, Method according to CL?IE%%, wherein the
creation ot The HoddF " FERdAELAOEnETBR peferad dipgbtient s.
36. Metingdhtmocordi ng to clai m35, wherein the ignored
corrponent S are
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 according to claim 2, wherein the mode shapes to be analyzed
each presents a vector which is caleulated as any mathematical

combination of two or more eigenvectors available from a natural

frequency simulation.

33. Method according to claim 31, wherein 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.



those known as having one or nore of the follow ng: a)
extrenely 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. 37. Method according
to claim1, wherein the creation of the nodel
appr oxi mates sone of the conponents. 38. Met hod
according to claim 37, wherg n the approxi nmat ed
conponents are those known as having one or nore of
the followng: a) extrenely 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.

39. BetMadodeaadtisng Heinfl1aiwhedn tM8LEHM SRR model
conponents are .% presented by only considering their

cont ri BGPTSR P BBYE 5 the nodel. 40. Met hod
according to claim 37, wherein said components are

repr@é%&ﬁ&h %mg%ggi g&E Lo g%ggm%%' on.tQ both

the mass of e Sti e5s OFPYNRSHYel |
41. I\/lef}r?é?jk%’@@@iﬁ ainﬁgg 3 oe|nm1¢n>f3ize folivengi n sai d

apprOX|nateﬂewaMmeﬁmgﬁmgﬁﬁyrepresented by altering
properties t he nq deling of the board itself. 67

f
42. Met hod gccor & $RFt%%¢1 ai m 1, wherein the board of
the PCB asQeabmyimstﬂmdwied using a nultl-layer

| ami nate cay Qgﬂt&%f Eiaﬁgf %vgx ac?nﬁ?@%y %lﬂs%%%@tbggr Cor di ng

to claim1, wherein't assenb is
nodel ed using | ayers of volune el enents. 44. N@thod

accosd Imhddoa&lnﬂin@ &, cvhene |uﬂ1e£‘eli}§ £1R0 aregtlfQif of 8 BERI
assenb ﬁ%ﬁmﬂ as a sin Ie i sotropic |ayer.

45. Met rc’:l%%??iml’?d’qf}%? RTRHE wherein t her mal

aspects are considered.
38.Method according to claim 37, wherein the approximated components
are those known as having one or more of the following:
a) extremely high reliability;
b) a very small size;
¢) avery light weight;

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

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

represented by only considering their contribution to the mass of the

model.

40. Method according to claim 87, 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.



46. Met hod according to claim 12, wherein a stiffness
matrix of said finite elenent nodel is updated based
on a pre thermal -stress anal ysis. 47. Method accordi ng
to claiml1, wherein material properties applied to
t he nodel are updated based on tenperature-rel ated
assunptions prior to the step of performng a natura
frequencies sinulation. 48.Mthod according to claim
47, wherein the tenperature assunptions are based on
a thermal mapping obtained froma steady state or
transient thermal sinmulation. 49. Method according to
claim1, wherein said nodel includes the PCB assenbly
together with its enclosure. 50. Method according to
clalggi‘/‘g re| sai d nodel includes nore than one
ST O G T, PR T TPEpe < BT Glbassembl ng.
51. I\/Et&fmcﬂe&dmmdlang.dtld)ay@i Ridihdte WhghatdbisRdmapde!
i ncludes an entire assenbly of electronic boards
together wwth one or nore additional 68 parts.
52. Met-Pbthodesording ép domel, aihmein Whdoeilnf serRChissthdy
CONPON@h&ieRH QsindBdel&8 M hb b GIE | eads and sone
ot her conponents are approxi mated. 53. Met hod
according to claimb52 wherein said approximation is

achi év.dthddycevodled tngaimai, dfh@@i‘i’pﬂl@%ﬁiza oMHeat 2d3ndal i ng

their lLeads ordlng to claimb52 wherein
sai d approx?ﬁggggM%EIEQO fitS “4re conponents that based

on past experience are knomn as having a |ow

pot ens. Matho@fcdtd@hiofcBlih ¥I EheraR th%ﬁh&g c‘]@sc?ix %sﬁ%

claim8, which further enhances sa
correlating the Threat Weight |evel mhen rel at ed to a
conpéhdithod wedbhlitdhe GRVB2 | vwheedin b RtiMRYSE haSdi & ssarpapent

fails.  58., ) GOy ding to ¢ whi ch further
eﬁkaﬁcégﬁsgpg&@p? &%Q{%h VYA t‘%PﬁfﬁHﬁsﬁﬁ$m¥hreat

Wi ght [evel when related to a conponent wth the
Vi br &t Methotl Ued@kdi QN tddMiknl 1, SAefkif HRANE Blopl@lel Spplicd to
the model are updated based on temperature-related assurnaptions

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



57. Met hod according to claim@8, in which the
calibration is correlated with both the GRVS | evel
and the vibration duration. 58. Method according to
claim2, wherein the Threat Weight |evel when related
to a conmponent is correlated with the duration until
failure, wthout any relation to a specific HALT
machi ne. 59. Method accordinggto claim2, wherein the
Threat Weight |level when related to a conponent is
correlated with the vibration acceleration Ievel that
causes failure, wthout any relation to a specific
HALT 69 nmachine. 60. Method according to claim 2,
wher ei paithe Threat Wight |evel when related to a
conmponent is correlated with both the vibration

accel eration | evel that causes failure, and with the
dur atf dfethpdt dckordifngith whedm Wwhheint s@my off Sl abinptheh® e

speci f inGabled TwBRCRLAE 1eads and some other components are

approximated.

53.Method according to claim 52 wherein said approximation is achieved

by modeling said components without modeling their leads.

54.Method according to claim 52 wherein said approximated components
are components that based on past experience are known as having a

low potential of field failure.

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



69

machine.

60.Method according to claim 2, wherein the Threat Weight level when
related to a component is correlated with both the vibration
acceleration level that causes failure, and with the duration until

failure, without any relation to a specific HALT machine,



