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GESEP - Geréncia de Especialistas em Sistemas Elétricos de Poténcia
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' Google Play

PGS-GRADUAGAO LATO SENSU

SISTEMAS FOTOVOLTAICOS ISOLADOSE

P CONECTADOS A REDE ELETRICA
<5 W
hf: 1 .r_,::=== Busca desenvolver no participante a formacao conceitual, cientifica e
===L:}, ,\‘;_ilﬂ: tecnologica, com competéncia, para promover acdes no setor de energia solar
4’;‘2 f&,‘ fotovoltaica, criar sua empresa e prestar servicos na area.
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Toépicos a serem abordados

 Estruturas e tecnologias de inversores fotovoltaicos;

d Por que estudar confiabilidade?

d Mecanismos de falha e modelos de vida util;

d Projeto com foco em confiabilidade;

d Exemplo de aplicacio da metodologia.
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Sistemas fotovoltaicos isolados

Controlador
de carga
Caixa de jungéo ' Inversor off-grid
Modulos fotovoltaicos QDC + BEP
=1
i eevee

Aterramento da
estrutura
dos madulos

Baterias

Aterramento da instalacfio
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Sistemas fotovoltaicos conectados a rede elétrica

QDC + BEP

Quadro de

Caixa de jungio protccdo ca

Maodulos fotovoltaicos

EE

e —

Tnversor on-grid

Atcrramento da
estrutura
dos modulos

Aterramento da instalagdo

Mcdidor de cnergia
inteligente
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Evolucao do preco de sistemas fotovoltaicos — cliente final

R58,00

Reducdo média de 9,3% em relacdo aos

RS?,(]G g F e
ultimos 12 meses e 0,4% nos ultimos 6 meses.

R$6,00

RS5,00

RS4,00
RS$3,00
RS2,00
R$1,00
RS-

2kWp 4kWp 8kWp 12kWp 30kWp SO0kWp 75kWp TSkWp 150kWp ISGkWp 300kWp EDDkWp 500kWp SGDkWp 1IMWp 1:173,: 3IMWp 3:3:” SMWp 5::‘::”

RS/Wp

mjan/18 R$7,13 R$5,83 RS521 R$509 RS4,64 RS4,39 RS4,31 R$4,?? R54,13 R$4,5? R$4,08 R$4,52 R$4,02 R$4,43 R$4,00 R$4,48 RS3,85 RS$4,22 RS$3,83 RS$4,15
Mjun/18 R$7,04 RS576 RS5,15 RS$501 RS4,51 RS4,41 RS4,23 R54,80 RS4,11 R$4,53 R$3,89 RS4,38 RS3,82 RS4,23 RS3,78 RS4,15 RS3,64 RS3,97 RS3,61 RS3,90
mjan/19 R$6,49 RS5,23 RS$4,72 R$4,54 RS4,02 RS4,05 RS3,86 RS54,28 RS$3,76 R$4,12 R$3,63 RS4,04 RS3,69 RS4,06 RS3,62 RS3,95 RS3,36 RS$3,66 RS3,39 R$S3,66
Hjun/19 RS6,04 RS500 RS4,41 RS4,23 RS3,82 RS366 RS348 RS3.85 RS3,37 R$S3,59 RS$3,27 RS3,55 RS3,28 RS3,57 RS3,26  RS3,51 RS3,17 RS$3,33 R$S3,15 RS3,35

mjan/20 RS$6,06 RS54,84 RS4,30 RS4,11 RS3,67 RS3,62 RS$3,42 RS53,87 RS$3,32 RS3,64 RS53,30 RS3,68 RS3,28 RS3,62 RS3,28 RS53,60 RS3,08 RS$3,37 RS$3,08 RS$3,40

—~

Fonte: Greener. Estudo Estratégico: Mercado Fotovoltaico de Geragao Distribuida. 2019.
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Capacidade instalada — Energia solar fotovoltaica
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Fonte:
[1] Empresa de Pesquisas Energéticas. Balanco energético nacional — BEN. 2020. e p e )

[2] Greener. Estudo Estratégico: Mercado Fotovoltaico de Geracao Distribuida. 2019.
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Sistemas fotovoltaicos conectados a rede elétrica

Current

d Médulo fotovoltaico — tensido continua; o Py |
N

sc

P

J Conversao CC-CA;

-
J Otimizacio da extracio de poténcia; = eV,
2
il U
d L,
~ . : . i gR o 7 VPF
[ Protecao e monitoramento. e p

(c) (d)

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. I Press.
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Arquiteturas de sistemas fotovoltaicos conectados a rede

B architecture Microinverter Power Optimizer + String Inverter String Inverter Multi-string Inverter Central Inverter
W power range 100 - 500 W 250-900W 1,5 kW - 10 kW 1.5 kW - 30 kW > 30 kW
B Applications small systems small systems Residential Systems  Residential Systems Commercial Systems
Residential systems Residential Systems Commercial Systems Solar Power Plants
B \arket Share =~1% = 3% = 52% =44 %
m Efficiency 90 - 95 % upt to 98.8 % up to 98 % up to 98.5 %
B Costs 28 euro cents\Wp 9 euro cents\Wp 6 - 17 euro cents/Wp 5 euro cents/\Wp
T~ T T~ T~ Point of Common
o o oR oF Coupling (PCC)
= 5] 5] =]
+* +* * *
ac ac ac ac ac
dc de dc de
| | 1 I
© =1 [ S E—
__I dc dc >—| de
de >—{ ﬁ} >—{ de .—|
dc dc dc dc

iR
| B
i

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. I Press.
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Funcionalidades de um inversor fotovoltaico

s

PV Inverter

I Communication

—h—

dc-link Filter (LC or LCL)

14
H,

b ~
_H'Y'Y'\_—l__

ou I

PCC

_NY'\‘\Th’m_

_]_ dc
fitd
it

Modulation (dc/dc)

v
“ Modulation (dc/ac)

dc-link voltage control current control synchronization

Basic functions

MPPT  anti-islanding protection monitoring
PV inverter specific functions

,r’-

AN

fault ride-through | grid support | active power limiting

Advanced functions

-

Ancillary functions J

A
ig
£
rd i'g
N
~ Supervisory/
Command from
TSO/DSO

-0

Local
loads

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. I Press.
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Aspecto de um inversor comercial

. |\
PR
: e

] Cada elemento do inversor é um possivel ponto de falhal A
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Desempenho depende da aplicagao

Functional Functional
Performance Performance

Cost

Reliability — Efficiency Reliability — Efficiency
Industry Information &
Applications Communication Industry
Functional Functional Functional
Performance Performance Performance

Size Cost Cost

Reliability Efficiency Reliability -- Efficiency Reliability Efficiency

Domestic Laboratory Aerospace
Applications Applications Applications

Fonte: B. M. Burkart and K. Kolar. “Advanced Modeling and Multi-Objective Optimization / Evaluation of SiC Converter Systems” Tutorial WIPDA. 2015.
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Por que aumentar a confiabilidade do inversor?

il
R

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. I Press.
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Por que aumentar a confiabilidade do inversor?

 Inversores = Garantias tipicas de 5 a 10 anos;

. Mddulos fotovoltaicos = Garantias de 20 a 25 anos;

d LCOE — Levelized cost of energy;

[ Substituicao do inversor = Custo;

d Como compatibilizar a vida atil dos dois elementos?

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. I Press.
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Por que aumentar a confiabilidade do inversor?

Energy loss — b A ISRZ " ISRJ --------- -[-5 :.r. ---------------------------------------------------------
I 7= | ;

z | p | 2

s Lr s

2 Energy 2 | available available
:; gain % area arca

3 2

Q Q

2 Ko’

E] )

0
00:00 12:00 23:59 00:00 12:00 23:59
Time of Day (h) Time of Day (h)

J Potencial para realizacio de servicos auxiliares;

d Isto pode afetar a vida util do equipamentol!

Fonte: A. F. Cupertino e H. A. Pereira. “Next generation of grid-connected photovoltaic systems: modelling and control”. Book Chapter. Elsevier. Iz Press.
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Estatisticas de falha em sistemas fotovoltaicos

Estatistica de falhas

60%

50% 48%
PV Inverter

40%

Custo associado a falha

30%
30%

PV Panel
15%

20%

11% .
10%
PV Inverter
e [ —
Inversor Sistema de Cabos e Maodulo Qutros Nenhum
’ montagem acessorios

Nota: DAS = Data Acquisition System

Fonte: [1] H. Wang, M. Liserre e F. Blaabjerg. “Toward Reliable Power Electronics: Challenges, Design and Opportunities”. IEEE Industrial Electronics Magazine. 2013.
[2] Greener. Estudo Estratégico: Mercado Fotovoltaico de Geragao Distribuida. 2019.
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Falhas em conversores eletronicos e fontes de estresse

O
—

2
2.
Solder o) :g
O. o

Vibration/Shock
Joints % Capacitor
13%

20%
&7 30% Contaminants
and Dust 6%

Temperature
Semiconductor
21%

Steady State
Humidity/

and Cyclical
Moisture 55%
19%

Fonte: H. Wang, M. Liserre e I Blaabjerg. “Toward Reliable Power Electronics: Challenges, Design and Opportunities”. IEEE Industrial Electronics Magazine. 2013.
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Curva da banheira

Infant Mortality
Wear-out

Constant failure rate
Total failure rate

Failure Rate A(x)

Operating Time x

d Regiao de falha constante = FIT (Failure in time);

[ 1 FIT significa 1 falha a cada 10° horas de operacio.

01/07/2021 Palestra - WTEIA
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Abordagem moderna — Modelos baseados na fisica da falha

d O que causa o envelhecimento dos componentes? '

d Quais sio os fendmenos de degradacao?

d Como modelar o efeito da degradacio em funcido do estresse?

J Andlise multifisica = Temperatura, humidade, estresse mecanico;

d Objetivo: Previsio mais precisa de tempo de vida e garantias.

01/07/2021 Palestra - WTEIA
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Occurrence

A Design

Efeito do envelhecimento do componente

Overstress Wear-out
o «—

Marein
MPl~ MP2... >, ,-D2 D1

Rated Mission '

Y
i
I‘t'njilc : *E
i
SN | Ideal Case
: ' : (Without Degradation)
S
Vit
: i
R I f
f:' |.:
A
,
£ S
ta } 1-":'.1‘.-' * .'"4._
azett’ 1 - . . | il b LT T .,
(MP) Stress (D) Strengh
Distribution Failures Distribution
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Estrutura interna de um modulo semicondutor

IGBT Bondwire
Diode d

Chip Solder

Baseplate Solder

Thermal Grease

Fonte: Infineon Technologies.

Mold Solder Chip Bond wire
N \ / Load pin

T, measurement point
(2 mm beneath surface)

Adapter plate

Fonte: G. Zeng et. al. “First results of development of a lifetime model ;
for transfer molded discrete power devices”. PCIM Europe 2018 Fonte: On Semiconductors.

01/07/2021 Palestra - WTEIA
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Perdas e estresse térmico em um IGBT

Vee(t). Vas(t)

Vaat 4
"uf'p. T
Ve | / “\._ MOSFET
Vesm) "
_"Ilr IGBT P
Veo- IGBT
le(t). lo(t)
It
MOSFET—_
Fontes: Vee(t), Vos(t)
[1] S. Hartmann et.al.. “Packaging Technology Platform for Next Generation High Power |
IGBT Modules”. 2014, Voc _\\ MOSEET
[2] : G. Zeng et. al. “First results of development of a lifetime model for transfer molded y v
discrete power devices”. PCIM Europe 2018 \\ MID"] 'CE:_I_!:I 3
[3] A. P. Cota. Semikron. “Desenvolvimento de ferramentas computacionais para a analise Spmomes A 4
de perdas em conversores estaticos: aplica¢ao ao calculo de rendimento de UPS’s trifasicas 0| tit'tts ty I ty | . ta tg tg
de dupla conversao”. Dissertacao de mestrado. UFMG. 2016.
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Alguns mecanismos de falha de IGBTs

Chip Solder

_ 200 Cycles. 1000 Cycles 2000 Cycles 4000 Cycles

Baseplate solder

Thermal grease

Fontes:
[1] Semikron. “Application Manual of Semiconductors”. 2015.

[2] T. Lhommeau et. al. "Base-plate solder reliability study of IGBT modules for acronautical application”. ECCE Europe.2007.
[3] M. Schulz, "Thermal management details and their influence on the aging of power semiconductors," EPE-ECCE Europe. 2014
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Testes de ciclagem térmica

A
ey
T[j.c],max
Ticpm A
Tt min Qo ~T Fatlure Criterton
1 > '_g E
m t(s) L
onjJ],c
: >
= &
g of
o -
A = .
o0 |
T[i'c]_ g O eoe
z —
' »
1(s)
o000 (b)
L N cycles N
1 1 1 1 ] »
(a) £(s)
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110

105

V.. in%

100

95

Exemplo de resultados de testes reais — modulos de poténcia

1

40

60

Cycle in %

80

140

in %

R..

thjs

110

105

100

95

—Gl 1
—Gl2

Gl 3

—Gl 4

1

20 40

60 80 100 120 140
Cycle in %
Fonte: G. Zeng. “Experimental Investigation of Linear Cumulative Damage Theory With Power Cycling Test”. IEEE Transactions on Power Electronics. 2019.
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Alguns desafios para obten¢ao de modelos de vida util

d Como desacoplar as variaveis?

(J Quantas amostras sao ensaiadas?

(J Qual o critério de falha?

J Como separar os diferentes mecanismos de falhar

01/07/2021 Palestra - WTEIA
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Modelos de vida util para semicondutores

Analytical models

Coffin-Manson Model

N, = AAT;”

Modified Coffin-Manson Model N f

_Aa7 | L
"\ k,T

jm

cycles to failure

Norris-Landzberg Model

k,T

B~ jm

—n E a —Hy :
m—mn[ Jf* -

1E+8 . : - —
= mTm=333K (60°C) : : —
JE+7 L ® Tm=353K (80°C) | |
£ 4 Tm=373K (100°C) \“{\ —
1E+6 ‘\‘\\\‘\ —

3 —

o~ S .

1E+5 ‘\ "\\""- :\ I

"\ 1

<1

100

AT; [K]

Bayerer’s Model (2008)

J.min

N, = AAT] (L}ﬁjfﬂ‘* B b

Semikron model (2013)

Nf- — AAT;._" (ar)ﬁlﬂrj"‘ﬁﬂ {

C+(t,

C

)| _E
i [foe

Fonte: F. Ianuzzo. “Reliability of active switching devices”. Ph.D. Course. Aalborg University. 2018.
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Capacitores

Sandwich Aluminum Electrolytic Capacitor
(Source: http://www.jhdeli.com/Templates/Cold_Sandwich.html)

Capacitance Ripple current rating Volumetric efficiency

C—z—:z—:é I [Py [hAAT _CV
— 0y " VR, Ry 77V—Volume

Fonte: H. Wang. “Capacitors in Power Electronics Applications”. Ph.D. Course. Aalborg University. 2018.
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100 kV +

10 kV

1kV +4—

Voltage

Capacitores

Power
 . capacitors

Tantalum capacitors
with solid electrolyte

10V +

: NG Double-layer
: Ceramnc and supercapacitors
~ capacitors

1V

1 pF 1nF

1 kF 1 MF

1 uF 1mF 1F

Capacitance
Fonte: H. Wang,. “Capacitors in Power Electronics Applications”. Ph.D. Course. Aalborg University. 2018
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Efeito da frequéncia na impedancia do capacitor

Z, ESR[Q]

100.000

| R
10.000
¥ —
™ ]

1.000 ] o
SHiiGEIE it
0.100 = ! /,./

e Film CAP / 100,000 E
0010 f—=TACAP \\{ 10,000
e KR (ML C C wiith Metal Terminal) ’ ?
—GRM (General MLCC) B
0.001 . . . 1000 |§—
0.0001 0.001 0.01 0.1 1 10 100 G B
| 100 [
Frequency [MHz] 8 = 10 uF
c
§ 10
[ —
g —
= TE 10 nF
01 E
0.01
Fontes: E
. 0.001 Lo Lol Lo Lo
[1] https://www.murata.com/en-eu/support/fags/products/capacitor/mlcc/char/0027 :
100 k 1M 10M 100 M 1G

[2] Texas instruments. “Op Amps for Everyone”
Frequency — Hz
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Comparagao das tecnologias mais utilizadas em EP

Al-Caps
MPPF-Caps

MLC-Caps

< <<( o
< <
Relative Superior intermediate Inferior
Performance

Al-Caps Aluminum Electrolytic Capacitors
MPPF-Caps Metallized Polypropylene Film Capacitors
MLC-Caps Multilayer Ceramic Capacitors

B

Fonte: H. Wang. “Capacitors in Power Electronics Applications”. Ph.D. Course. Aalborg University. 2018.
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Mecanismos de falha de capacitores e fatores criticos

Al-Caps MPPF-Caps MLCC-Caps
wear out
Dominant failure modes — - ——
open circuit open circuit short circuit
Most critical stressors L, Vi, T,, V., humidity T,, V., vibration/shock
Self-healing capability moderate good no

Al-Caps Aluminium Electrolytic Capacitors
MPPF-Caps Metallized Polypropylene Film Capacitors
MLC-Caps Multilayer Ceramic Capacitors

Fonte: H. Wang. “Capacitors in Power Electronics Applications”. Ph.D. Course. Aalborg University. 2018.
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Exemplo de resultados de testes reais — Capacitores

1.1 100
3 1.0F—— _
=
8 09 2 100
c u
] . | i 4
= Failure criteria W
—_— . =
% :[jap1 N H 10
@ 07| |*Cap?2 —
o *Cap3 \ o
8 *Cap5 | ﬁ"ﬂ E 10
® 08| [=caps =
E | LS
~Cap
° LCap9 01
z ns g ! 5 i
o 10 10" 10¢ 10 10

Testing time (Hour) Testing time (Hour)

8 I o Damage

5 0.8 Damage line

S 095" o

= . g 067

?: 0oF ¥ = —0.15952" + 0.0003% + | 5 o4 ‘

L : : y = 0.97522%"

E 085 *  Normalized capacitance | 0.2

g MNormalized capacitance line i

Z 1 1 1 1 '|" 1 1 i 1 i
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Damage ratio (%) Damage ratio (%o)

Fonte: H. Wang. “Capacitors in Power Electronics Applications”. Ph.D. Course. Aalborg University. 2018.
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Fonte: H. Wang. “Reliability of Capacitors for dc-link Applications in Power Electronics — An Overview”. IEEE Transactions on Industry Applications. 2014

Exemplo modelos de vida util de capacitores

=t (1) e [(E) (5- Y

L = Ly X (K)_ XQE@;T
Vo

(%) xexp|(#) (- 5)] (ow)
' 52)(7{- = TL())] (medium &)
| xexp |Egese — Bagmaoa] - (nigh ¢)

KgpT KgpTo

01/07/2021
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Projeto com foco em confiabilidade

Mission Profile| __f PVSYSEM | | Market [ Installation
-year Specifications
7'y
+ Profits
+ Reliability
Thermal stress - Unscheduled stops
Reliability [ » Components Mechanical strength - Maintenance costs
Evaluation |¢ 1 Selection Failure identification
Lifetime estimation

Design for R;iiability (DfR)

Fonte: E. M. S. Brito et. al. “Impact of meteorological variations on the lifetime of grid-connected PV inverters”. Microelectronics Reliability. 2018.

01/07/2021
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Fluxograma detalhado

J Semicondutores.

— Avalicao do Wear-out

 Capacitores.

....................... Thermal Model i Thermal Model
w 7 \
. b1 |
STEP 1 m il : ; T STEF | G , Tf-:
—_— =, | T ' |
Thermal Loading N p oh T T Thermal Loading T -
. il s | i 5 i
Evaluation T “| : | i : : Evaluation -
) = J PV Array I
PV Array ’_L‘L ok-up Model nf: ]r_“‘.ﬂ
Maodel Tables Tabfes
Rainflow TJ,T ) Longi ,ﬁ.?}w E
STEP 2 . .*fe“’”{ STEP2 0
. __model ] P ﬁ" Li.ﬁ'..l'rme B [ Miners \LC
Static Damage l Nﬁ__ Static Damage | “model Rule [ T
: i . e —s model o) o L e
Computation . s ) Accumulation v,
. B  Rule ] EEQ
Time(s) l LC No .=
LC_ | Equivalent AT’ :Monﬂ: Carlo | '—" Weibull CDF | T, : - _
s — = Yes : ) : . : :
| static values|_t, | Simulation ——»  F(x) LC | Equivalent — " Monte-Carlo ™" Weibull CDF|
STEP 3 X ] i samples — . . B ' . |
— il . = | sfatic values —*  Simulation — Fix)
Monte Carlo Q‘WW * & STEP 3 e P msamples
Simulation i T z 2 Monte Carlo - @ F = s
_Eesss g 2 Simulation | — E =
o = Lgaralon) Snpe kndeg = |
F:!in'rhlum'um'u‘i Time - Lifetime ; & E
- Time - Lifictime
Fonte: A. F. Cupertino et. al. “Impact of the mission profile length on lifetime prediction of PV inverters.”. Microelectronics Reliability. 2019
Palestra - WTEIA 43
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Modelo térmico — acoplamento entre os componentes

filter inductances

d Problema complexo!

01/07/2021 Palestra - WTEIA 44



Simulacao de Monte-Carlo

— 5 o . -
LC  Equivalent AT Monte-Carlo — % Weibull CDF
static values t’,,  Simulation ———» F(x)
\ —— /nsamples
ST £
= 2 >,
B~ . TllcF:na.J lo:adil? % ::
E.ql!j"".ﬁ]'.m.' Slta_titf Iul.!mlling g E
Sy Time Lifetime
. X
B . X
fx) = FXﬁ texp | — ; F(X) = f(x)dx
0

d Inclusio de variacio paramétrica;

Fonte: A. F. Cupertino et. al. “Impact of the mission profile length on lifetime prediction of PV inverters.”. Microelectronics Reliability. 2019
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Confiabilidade a nivel de sistema

Cell-Level Reliability Block Diagram
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Arm-Level Reliability Block Diagram ST|1E 5, QDJ, C R,
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Converter-Level Reliability Block Diagram

L, =

Fonte: A. F. Cupertino “Modeling, Design and Fault-Tolerant Strategies for Modular Multilevel Cascaded Converter-based STATCOMSs”. PhD Thesis. UFMG. 2019.
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4 LE ACOPI

CEFET-MG

Power Electronics, Drives and Industry Applications

Exemplo — Inversor multifuncional de 25 kVA

Prof. Allan Fagner Cupertino
afcupertino@ieee.org
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Exemplo 2 — Inversor multifuncional de 25 kVA
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Fonte Lucas S. Gusman. “Design for reliability of multifunctional PV inverters used in industrial power factor regulation”. Electrical Power and Energy Systems. 2020.
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Perfis de operag¢ao — Inversor de 25 kVA
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Fonte Lucas S. Gusman. “Design for reliability of multifunctional PV inverters used in industrial power factor regulation”. Electrical Power and Energy Systems. 2020.
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Projetos considerados

d Projeto 1:
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Metodologia
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Fonte Lucas S. Gusman. “Design for reliability of multifunctional PV inverters used in industrial power factor regulation”. Electrical Power and Energy Systems. 2020.
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Confiabilidade a nivel de componente

g 100 P injection: IGBT — 75A P and Q injection: IGBT — 75A — 100A
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Fonte Lucas S. Gusman. “Design for reliability of multifunctional PV inverters used in industrial power factor regulation”. Electrical Power and Energy Systems. 2020.
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Perfil de irradidncia e temperatura

P:—75A, (5x2) Pand Q:—75A; (5x2) —100A; (5x2 100A; (6x2)

100

50

Wear-out failure probability [%]

Lifetime [years]

Fonte Lucas S. Gusman. “Design for reliability of multifunctional PV inverters used in industrial power factor regulation”. Electrical Power and Energy Systems. 2020.
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Sumario dos pontos discutidos

[ Confiabilidade e custo sao funcoes correlacionadas!

] Modelos de vida atil = faixa de validade muitas vezes
nao adequada;

J Confiabilidade — probabilidade;

“Prediction is very
difficult, especially if

it's about the future.”

J Resultados devem ser interpretados com cuidado;

-- Niels Bohr
Physics Nobel prize 1922

d Figura de mérito para quantificar o stress térmicol!
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