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» Introduction

Power electronics in power systems .zuwsw

«

U From large-scale power plants to

distributed generations

U From central power/energy management

to distributed/decentralized control

U 100% renewable generations

O Utility-scale energy storage

U Microgrids

U HVDC/MVDC transmission systems
U Electric vehicles (V1G, V2G, ...)

Power converters underpinning
technology for power system
modernization
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» Introduction

Power electronics in power systems

|:| Substation microgrid
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 From large-scale power plants to L1 rortescermircars o0
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|:] Single customer microgrid

distributed generations
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to distributed/decentralized control
U 100% renewable generations

O Utility-scale energy storage
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U Microgrids
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U HVDC/MVDC transmission systems
Q Electric vehicles (V1G, V2G, ...)

To
neighboring

Power converters underpinning Substation
technology for power system — Feetr
modernization

To
neighboring

) communication substation
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» Introduction

Scientific Challenges

Sub-system/system level
failure (illustration only)

Capacitor failure (bottom)
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» Introduction

Field experiences of wind turbine systems

.340% —

g ‘Power module

T 0% Rotor

= | Power \module

o convertor IEIER Control Yaw system

ystemg Commons
2137

11.3%

Gearbox
5.1%

Auxiliary system Structure

Subsystems and Assemblies

Contribution of subsystems and assemblies on the overall
failure rate of wind turbines.

Source: M. Wilkinson and B. Hendriks, Report on Wind Turbine Reliability Proles. Reliawind, 2011.
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» Introduction

350 onshore wind turbines in varying
length of time (35,000 downtime events)
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Contribution of subsystems and assemblies to the
overall failure rate of wind turbines
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Pitch System
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Contribution of subsystems and assemblies to the
overall downtime of wind turbines
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Source: Reliawind, Report on Wind Turbine Reliability Profiles — Field Data Reliability Analysis, 2011
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» Introduction

Field experiences of wind turbine systems

PV Inverter
37%

PV Inverter
59%

System
8%
Junction
Box

12%

PV Panel
15%

(a) (b)
(a) Unscheduled maintenance events and (b) unscheduled

maintenance costs

Source: L. M. Moore and H. N. Post, *'Five years of operating experience at a large, utility-scale photovoltaic generating plant," Prog.
Photovolt., Res. Appl., vol. 16, no. 3, pp. 249259, May 2008.
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» Introduction

Field returned data on he aging of PE based units
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Figure 3. Total Operations and Maintenance Costs Increase with Age Due to Wear-Out
Related Failures.

Source: SANDIA REPORT SAND2008-0983 Unlimited
Release Printed February 2008

failure intensity [failures / year]
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Cumulative failure rate

25
2
£
_5 15
c !
£
05 - n
1]
1 3 4 5 6 T 4 9 10 11 12 13 14 16 16 17 18 19
operational year
0O Rated power <500 @ Rated power 500<1000 m Rated power >1000 |
Fig. 6. Failure rate in respective rated power group versus operational year,
Survey of Failures in Wind Power Systems With Focus on
Swedish Wind Power Plants During 1997-2005
mmm Annual e====Cumulative
35% 140%
% 0% “f_/ r 120%
E 25% i 100%
g 20(70 T T 8000
m -
15% 60%
=
= 10% 40%
c
< 5% - : i 20%
0(70 T T T T T T T I.\.II\I’ OO()
3 5 7 9 11 13 15 17 19
Project Year
Source: Solar Accessto Public Capital
Working Group
15-DEC-20

SLIDE 12



» Introduction

California 2016 — 1200 MW - Solar

Analysis and Findings
I — — — The analysis revealed that the largest percentage of inverter 10ss (700 MW] was due to the inverter phase lock
RELIABILITY CORPORATION loop (PLL) control detecting a frequency less than 57 Hz and initiating an instantaneous inverter trip. Frequency
measuring network (FNET) data from this disturbance (see Figure 2.3) shows that the Western Interconnection
frequency did not actually reach 57 Hz; the lowest recorded frequency only dropped to 59.867 Hz before arresting
and recovering. Near instantaneous frequency change measurement of localized fault voltage waveforms does
not always exactly represent the true system frequency. To ensure that a more accurate representation of the
system frequency measurement is used for inverter controls, a minimum delay for frequency detection and/or

1,200 MW Fault Induced- fitering should bt implemented.

= 60.0504— 50 | Jo | |
Solar Photovoltaic ] HHHH
] | _ _ . |
Resource Interruption 0.0 f———mt——rf
- e — |
Disturbance Report - |
£
. . z | EEENIEEENEERENNEL. . | ENENANEEREESP . _«aaNNEEENNAENENEER
Southern California 8/16/2016 Event g e |
June 2017 -
59.8004 : i .........
| HHH |
RELIABILITY | ACCOUNTABILITY so. 780
W " BN o 5 o 5 o = by 5 ] 5 g & o
i & &+ §: §: §:i;‘
- " " - " - Time'(-UTC] N T - " - "
Figure 2.3: FNET Data for Large Resource Loss Event (August 16, 2016)
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» Introduction

How can power electronic based units help?

| 2750 MW Generation Loss |

60.000

59.900

59.800

59.700

Bus frequency (Hz)
@
o
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| — Freq

Fast Frequency Reserve (FFR) / R -
- Nadir FFR(:— o SOR TOR1
- RoCoF

Source: Cigre C2/C4 webinar on the “Impact of high penetration of . “ = T = .

inverter-based generation on system inertia of networks” http:/ /www.eirgridgroup.com/site-files/library /EirGrid /Aggregators-

OR-Test-Report-Template.docx

((( SAEED PEYGHAMI, DEPARTMENT OF ENERGY TECHNOLOGY, AALBORG UNIVERSITY, SAP@ET.AAU.DK 15-DEC-20 SLIDE 14
AALBORG UNIVERSITY

DENMARK




» Introduction

Need for reliability analysis

‘Enhancement

‘ e Design for reliability
Assessment e Control for reliability

e Maintenance
e System level

e Impact of control
e Impact of topology
e Impact of structure

.Modeling

e Converter level
e Device level
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» Reliability Definition in PEPS



» Reliability Definition

General Definition

/

+* Reliability is defined as a measure of the ability of a system or an item to function
under a desired conditions within a specific period of time. (IEEE Reliability Society)

nerformance A Ceptab|e

Error Hoviati
Actual performance eviation
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» Reliability Definition
Reliability Definition

/ Performance measures: \

/

s Probability of failure: F(t) - e.g., in space craft
v R>99.9999%

% THD in converters
v' THD < 5%

¢ Availability in a maintainable system - e.g., transformer
v A>98%

*» LOLE, EENS, SAIFI, EENP, ... in power systems
v" LOLE < 6hr/yr

/
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» Reliability Definition

Reliability Definition

- 8 8 € o eg g
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» Reliability Definition

Reliability Definition ‘ | |
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S. Peyghami, A. Azizi, H. Mokhtari, and F. Blaabjerg, “Active Damping of Torsional Vibrations due to the Sub-
harmonic Instability on a Synchronous Generator,” in Proc. IEEE ECCE EUROPE (EPE) 2018, pp. 1-8.
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» Reliability Definition

Reliability Definition
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S. Peyghami, A. Azizi, H. Mokhtari, and F. Blaabjerg, “Active Damping of Torsional Vibrations due to the Sub-
harmonic Instability on a Synchronous Generator,” in Proc. IEEE ECCE EUROPE (EPE) 2018, pp. 1-8.
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» Reliability Definition

Power system engineering

five years
thirty Years

Facility
Planning

One month
One Year

Few hours

Few weeks
-

Operational Planning

Few Minutes
Few hours

Few seconds
Few Minutes

Operations

Multi
Seconds

Time

=
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System design

Maintenance
scheduling

Marketing

Unit commitment

Economic dispatch

System security
analysis

Frequency control
tie-line control

Relaying execution
control
voltage control

Adequacy & Security

Security
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» Reliability Definition

Power System Reliability

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Planning ~ Operation
- Intra-day
| Facility Seasonal, weekly and day- ) ! ; : !
~ Planning ahead Operational planning ClpeEiong | CpeEione
| Planning | | 3
—— | — —— >
e ¢ 777777777777777777777777777777777777777777777777777777 ‘ ¢ 7777777777777 1 Time
Adequacy Security
’{;{i}}},{i}},{z{z2{{{2{{1{{{{2{{{2{2{2}T —
Generation Deterministic Probabilistic
s et ——
Transmission Dynamic & _
HL” ,,,,,,,,,,,,,, I —— Transient Stalic
Distribution /\ /\
oHLme Voltage Angular Frequency  Converter Voltage Thermal
Stability Stability Stability =~ Driven Stab. Limits Limits
p N /\ /\ /\
Inputs: Small Large Small Large
1- Reliability Data Signal Signal Signal Signal Fast Slow
2- Contingencies Occurrence Uncertainties
3- Load Forecast Uncertainties Short  Long Short Short Long
4- Renewable Forecast Uncertainties
L ) Term  Term Term Term Term
Source: S. Peyghami, P. Palensky and F. Blaabjerg, "An Overview on the Reliability of Modern Power Electronic Based
((( Power Systems," in IEEE Open Journal of Power Electronics, vol. 1, pp. 34-50, 2020.
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» Reliability Definition

Reliability—current definition

Reliability

1987: A measure of the ability of a bulk power system to deliver electricity to all
points of utilization within accepted standards and in the amount desired.

2002: Electric system reliability can be addressed by considering two basic and
functional aspects of the electric system adequacy and security.

Adequacy Investment

The ability of the electric system to supply the aggregate electric power and | planning
energy requirements of the customers at all times, taking into account
scheduled and unscheduled outages of system facilities.

ecurity Operation
The ability of the electric system to withstand sudden disturbances such as

electric short circuits or unanticipated loss of system facilities.

.4

=
9 )

CIGRE Study Committees 37, 38 and 39, Technical Brochure 198,
CIGRE Glossary of Terms Used in the Electricity Supply Industry,
February 2002
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» Reliability Modeling in PE



» Reliability Modeling in PE

Failure rates

Useful Lifetime )
A Infant Random Chance Wear-out
Mortality . phase

< 3 e Failures
()
©
O
T:T: Total Failure rate
L

ceessseesve—"ta

Conventional power time
systems: historical data

Extrinsic Intrinsic
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» Reliability Modeling in PE
Reliability prediction methods

+* Predictions based on field data

+* Predictions based on test data

*» Predictions based on stress and strength models

** Prediction based on handbooks

v MIL-HDBK-217F
v" Telcordia SR-332
v IEC62380

v RDF 2000

v PRISM

v Fides
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» Reliability Modeling in PE

Prediction based on handbooks

» Military Handbook 217 (MIL-HDBK-217)
» Not be updated

> No mission profile be considered Withdrawn
» No physics of failure be considered
> IEC TR 62380 in 2004
» Not be updated ,
Withdrawn

» No physics of failure be considered
» Mission profile

» IEC 61709 in 2017

» No physics of failure
» A general guideline, No failure data available
» Mission profile

> FIDES

» Mission profile
» Physics of failure 7??

» Updated data
» Not suitable for power modules
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» Reliability Modeling in PE

Historical data- what is missed?

Useful Lifetime _
4 Infan.t Random Chance Wear-out
Mortality : phase
< ' e Failures
(O]
©
o
%’U Total Failure rate
L

*» Are not accurate, depend on operation and climate conditions, ...

+» Are not suitable for new technologies specially in power electronics
s Are not useful for identifying weakest link of systems and reinforcement
> Are not useable for design for reliability

«» Do not show the end of life
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» Reliability Modeling in PE

Failure mechanisms

i1

- Human

Systematic— Software

Failure -

{ Random %

- Human

H

S. Peyghami, Z. Wang and F. Blaabjerg, IEEE Transactions on
Power Electronics, vol. 35, no. 10, pp. 10958-10968, Oct. 2020

H

' - Lack of training

- - Ergonomic Issues

- Procedure error

- Design error
- Programming error

- - |nstallation error

- Updating error
. - Inadequate testing

- - Specification error
- Design error

—~Hardware|. _ |nstallation error

- Unforeseen stresses
_ - Wrong operating environment

" - Operation under stress
- - Non-routine operation

- Wear-out

_ - Omission/error in routine operation
- Mechanical components
- Semiconductors

_- Electrolytic capacitors

“Hardware

. ‘ - Useful Iifetime
. 1 - Electronic components
. - Mix of different failures
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» Reliability Modeling in PE

Failure mechanisms in converter devices

«

AALBORG UNIVERSITY

DENMARK

Open circuit

Catastrophic failures
Short circuit

mm Failure mode Failure mechanisms

Device failure in gate driver, Driver board short-, open-circuit
Bond wire lift-off, Bond wire rupture after IGBT short-circuit
High voltage breakdown

Dynamic latch-up

Second breakdown

Impact ionization

High temperature due to power dissipation

Semiconductors

ear-out failures Parameter drift

Chip solder joint cracking
Baseplate solder joints cracking
Wire bonds lift-off/cracking

e Open circuit
Catastrophic failures P

Short circuit

Self-healing dielectric breakdown
Disconnection of terminals
Dielectric breakdown of oxide layer

Electrolyte vaporization

Catastrophic failures

MIPPF-Caps

Short circuit

ear-out failures Parameter drift . .
Electrochemical reaction
Self-healing dielectric breakdown
L. Connection instability by heat contraction of dielectric film
Open circuit

Reduction in electrode area caused by oxidation of evaporated
metal due to moisture absorption

Dielectric film breakdown

Self-healing due to overcurrent

Moisture absorption by film

ear-out failures Parameter drift Dielectric loss
. . Dielectric breakdown
Catastrophic failures Short circuit . :
Cracking; damage to capacitor body
. . Oxide vacancy migration; dielectric puncture; insulation
ear-out failures Parameter drift

degradation; micro-crack within ceramic

SAEED PEYGHAMI, DEPARTMENT OF ENERGY TECHNOLOGY, AALBORG UNIVERSITY, SAP@ET.AAU.DK

S. Peyghami, Z. Wang and F. Blaabjerg, IEEE COMPEL,
2019, pp. 1-7, doi: 10.1109/COMPEL.2019.8769685.
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» Reliability Modeling in PE

Constant failure rates (IEC TR 62380)

e+

s
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» Reliability Modeling in PE

Constant failure rates (FIDES)

Semiconductors
FIDES page 120

Phase f
ﬂ’Phy—SD = Z |:%

Elec. Capacitors
FIDES page 138
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

A
Density | Performance Stress Strength
(Z=R-S) range (S) range (R)
Failure n o
Probability S ©
\ © O
\\ —
\
\
1//%__ _
Origin Random value

Z=R-S P, =Pr(Z<0)

S. Peyghami, Z. Wang and F. Blaabjerg IEEE Transactions on Power Electronics, vol. 35, no. 10, pp. 10958-10968, Oct. 2020
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

Structural reliability

/Z=R-S§

Strength (Resistance, R) load (Stress, S)

R=g(x,..,x,)

Z(t)=R-1S;t=1.2,..
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

Impact of mission profile

h
ZZ(RZ. —1S,);t=12,...

i=1
Damage hg
p=35.
i:1 Rl
Equivalent (total) stress h
S,=>8,
i=I

Equivalent variables

h _
szh —A%Z] xk,eq_ég](RT)

i#k

) bk
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

Z(t)=R —tST:g(xl’eq,...,x )—tST

eq n.eq

Strength
range (Req)

“P(3) Random valu)e
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

First Order Reliability Method (FORM)

2
, Zn: 8g(x],eq,...,xn,eq) ,

O

" i ,eq
i=1 a‘xl’eq

@: standard normal distribution function
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» Reliability Modeling in PE

Wear out failure rate prediction — stress-strength analysis

» (Capacitor damage

» Semiconductor damage

N =A4-AT? -exp P t
! T, +273.15
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» Reliability Modeling in PE

Electro-thermal mapping

Converter Components

P

{1—' Icr: Converter Load

Power
Converter

Cgf T,: Ambient Temperature

-------)(.------

| MR N
/I

Thermal Domai Modeling

Look-up Table

Source: S. Peyghami, P. Davari and F. Blaabjerg, IEEE Trans. Ind. App., doi: 10.1109/TTA.2019.2918049
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» Reliability Modeling in PE

Wear out prediction

Source: S. Peyghami, P. Davari and F. Blaabjerg, IEEE Trans.
Ind. App., doi: 10.1109/TTA.2019.2918049
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» Reliability Modeling in PE — A case study

Converter topology

L D,
0|
L Q .
pv | C T j T Ve 4®7
Array J

TABLE I. INVERTER COMPONENTS PARAMETERS AND LIFETIME MODEL.

/
L
"

/o \
£l
|
/N
£l

Parameter Value Parameter Value
L 2 mH A 9.34E14 + 5%
G, 120 uF o -4.416 £ 5%
C; 3x390 uF S 1285 £ 5%
O, IGB10ON60T y 0.3+5%
O; GBI15N60T ny 10+ 5%
D, IDV20E65D1 n; 3+5%
D, IDV20E65D1 T, 105°C
fow 20 kHz v, 450 V
Ve 400 V Ve 230V, 50 Hz
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» Reliability Modeling in PE — A case study

Mission profiles

Location A (Denmark) Location B ( Arizona)
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» Reliability Modeling in PE — A case study

Constant failure rate of converter components — 2 mission profile

4 Location A Location B
: High stressed -
35} A~ components ]
'9 :
x 25} :
o | :
§ 21 5
o : :
2 15} High stressed i
" : components f
LA\
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ot . .
pb Db Qb pi Di Qi pb Db Qb 9i Di Qi
DC/DC  Inverter DC/DC  Inverter
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» Reliability Modeling in PE — A case study

Wear-out failure rate of converter components — 2 mission profile

= - Location A
o [ Inverter
x 1r IGBT (Q)
';' i Inverter Y
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. [ IGBT (Q
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o - ]
o 04 :
= : Other |
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» Reliability Modeling in PE — A case study

Converter reliability of converter under two mission profile

. Location A Location B
; v 4 T : H ] ) T f H T y g ¥ T ! s Y — 0.04 T T R T :' T
& - = Wear out failure 5 1 ) .= Wear out failure :
) | —— Total failure =, ——— Total failure
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5 | b55E4 L ,
© ) 1
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........ 1
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> Reliability Analysis
» Impact of Modulation Scheme

» Impact of Mission Profile

» Impact of Converter Topology
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» Impact of Modulation Scheme



» Reliability Analysis — Impact of Modulation Scheme

Converter topology

—

AV

!

? S4
‘ E
[
L ¥
S2 —K} S5 Vout
E/?2
A i
S3 } S6

PUC 5 Converter Topology

Source: M. Abarzadeh, S. Peyghami, K. Al-Haddad, N. Weise, L. Chang and F. Blaabjerg, "Reliability and Performance Improvement
of PUC Converter Using A New Single-Carrier Sensor-Less PWM Method with Pseudo Reference Functions," in IEEE Transactions
on Power Electronics, doi: 10.1109/TPEL.2020.3030698.
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» Reliability Analysis — Impact of Modulation Scheme

Modulation schemes
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» Reliability Analysis — Impact of Modulation Scheme

Output waveforms

(02)
_ 100 vidi _50.0 Vidiv 5.00 Aldiv 20.0 Vidiv
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Traditional switching scheme Proposed switching scheme
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» Reliability Analysis — Impact of Modulation Scheme

What happens?
s Evenly distributing the thermal stress on switches

Traditional switching scheme Proposed switching scheme

JI: I fTIY

Even thermal
distribution

Hottest

Switch ﬁ

Switch Temp.

S1
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» Reliability Analysis — Impact of Modulation Scheme

What happens?
*» Reducing dc link voltage ripple

Capacitor voltage ripple

LeCroy LeCroy

ikl W\H
H\HHH\H *

¥ 2 Vpp

20 V/div I 20 V/div |
P <+“——>
500 mS/div 500 mS/div
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» Reliability Analysis — Impact of Modulation Scheme

Reliability results
Proposed switching scheme

Traditional switching scheme

1 1
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» Reliability Analysis — Impact of Modulation Scheme

Reliability results
OAD
1-=Ruo OAD-s
(0.15) <40.015)

Traditional
Method
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CB: Computational
Method

Burden
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> Reliability Analysis

» Impact of Mission Profile



» Reliability Analysis — Impact of Mission Profile

Impact of topology

dc Microgrid

& % 11PV 1py Control Block Diagram
_\é; ]
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» Reliability Analysis — Impact of Mission Profile

Power sources characteristics ool
100
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6 MPPT & 60 Rated voltage 72V |
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—~4} 20L Rated current 70 A
E 3 i O | | | ] | | I: |
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0 100 200 300 400 ‘
(a) Voltage (V) —~ 330¢
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Q 320 100%
© A
PV model £ 310}
>
300F
290 1 1 SOC 50%
20 -10 0 10 20
Peyghami, S., Wang, H., Davari, P., & Blaabjerg, F., IEEE
Trz}ilrzl:sactions on Ind&ustry Applications, 55(5)3 5055 - 5067. (C) CU rrent (A)
Battery model
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» Reliability Analysis — Impact of Mission Profile

Impact of mission profile
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» Reliability Analysis — Impact of Mission Profile

Impact of mission profile

«

AALBORG UNIVERSITY

DENMARK

Arizona

Clinic
PV
2 002 -
lbc;‘ —~ © =Diode
S o0t} |- * =IGBT
= = B =Capacitor
) total
0
10°° BT
S R —
= - © —Diode
= - % =|GBT
E = B =—Capacitor
= total
=
5 10 _FC
E - © —Diode
o) - % —|GBT
~-__‘<-°~ = B —Capacitor
g total
-

SAEED PEYGHAMI, DEPARTMENT OF ENERGY TECHNOLOGY, AALBORG UNIVERSITY, SAP@ET.AAU.DK

Apartment

PV

- © =Diode

- % —|GBT

= B =Capacitor
total

Unreliability

10°° BT

B4
= — © —Diode
s~ - % —|GBT
L -= B =—Capacitor
5 total

5 x107 FC
2 :
—_ - © —Diode
9 - % —|GBT
'T"‘) = B = Capacitor
= total
-

Peyghami, S., Wang, H., Davari, P., & Blaabjerg, F. (2019). IEEE Transactions on Industry Applications, 55(5), 5055 - 5067.

15-DEC-20 SLIDE 61



» Reliability Analysis — Impact of Mission Profile

Impact of mission profile
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» Reliability Analysis — Impact of Mission Profile

Impact of mission profile
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> Reliability Analysis

» Impact of Converter Topology



» Reliability Analysis — Impact of Converter Topology

Impact of topology
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» Reliability Analysis — Impact of Converter Topology

Impact of topology
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» Reliability Enhancement

» Impact of Integrated Design
> Design for Reliability (DfR)
» Control for Reliability

» Impact of Replacement



» Reliability Enhancement

» Impact of Integrated Design



» Reliability Enhancement — Impact of Integrated Design

Single phase PV system

pr— N DC BUS
A L
=T Ik I0F
PV Filter
MPPT#1 — e Grid
— | Co
AR L
T
() ] Jl:éf €
PV :
MPPT#2 Grid Inverter
Parameter Symbol Arrayl Arrayll
Panel Rated Power P (W) 320 320
Open Circuit Voltage V. . (V) 64.8 45.98
Short Circuit Current .. (A) 6.24 8.89
MPPT Voltage V. (V) 54.7 36.73
MPPT Current | (A) 5.86 8.58
Number of Series panels N, 4 8
Number of Parallel panels N, 2 1

Source: Saeed Peyghami, Pooya Davari, Huai Wang, Frede Blaabjerg, System-level reliability enhancement of DC/DC stage in a single-
phase PV inverter, Microelectronics Reliability, Volumes 88-90, 2018, Pages 1030-1035, ISSN 0026-2714.
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» Reliability Enhancement — Impact of Integrated Design

PV Array configuration
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» Reliability Enhancement — Impact of Integrated Design

PV converter reliability Arizona Aalborg
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Time (month) Time (month)
x10™*
g\0.04- z |
o o)
8 ©
O . ©
< 0.02 Array | = o5l
- )
0 rray |l 0
0 2 4 6 0
Year Year

¢ The Array Il yields better reliability in both locations
¢ The mission profile (location) has dominant impact on the reliability

% The PV system should be designed integrated (PV array + converter) to have
optimal performance (reliability, ... ) for a specific site.
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» Reliability Enhancement

> Design for Reliability (DfR)



» Reliability Enhancement — Design for Reliability (DfR)
Proposed System-level DfR input

data
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| R() = exp(-A(1)dT) modeling
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Other—) System Reliability ——— weak links
components
outage data
N
FMEA
Y
Source: S. Peyghami, P. Palensky, M. Fotuhi-Firuzabad and F. Documr:g;;(le;iability
Blaabjerg IEEE Open Access Journal of Power and Energy, doi:

10.1109/0AJPE.2020.3029229.
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» Reliability Enhancement — Design for Reliability (DfR)
Proposed System-level DfR input

data

v

Design Converter |«

v

Annual load forecast

PF based on (N-x)
Criterion

Converter level DFR |- D

\

Constant failure rate| |[Wear-out failure rate }
|

|

Redesign

)\C )\nc(t)

A(t) = ActAnc(t) Reliability‘
R() = exp(-A(1)dT) modeling

N | Strengthen
Other—) System Reliability €———— weak links
components
outage data
N
FMEA
Y
Source: S. Peyghami, P. Palensky, M. Fotuhi-Firuzabad and F. Documr:g;;(le;iability
Blaabjerg IEEE Open Access Journal of Power and Energy, doi:

10.1109/0OAJPE.2020.3029229.
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» Reliability Enhancement — Design for Reliability (DfR)
DC PEPS Structure
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DC _|
— .
Co E‘}
Fuel Cell System Photovoltaic E}

BUS ]
5 kW System 5 kW Grid Inverter

Grid Inverter 5
kw

Photovoltaic
System 5 kW

Source: S. Peyghami, P. Palensky, M. Fotuhi-Firuzabad and F. Blaabjerg IEEE Open
Access Journal of Power and Energy, doi: 10.1109/0AJPE.2020.3029229.
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» Reliability Enhancement — Design for Reliability (DfR)

Mission profiles
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Source: S. Peyghami, P. Palensky, M. Fotuhi-Firuzabad and F. Blaabjerg, "System-level Design for Reliability and Maintenance Scheduling in
Modern Power Electronic-based Power Systems," in IEEE Open Access Journal of Power and Energy, doi: 10.1109/0AJPE.2020.3029229.
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» Reliability Enhancement — Design for Reliability (DfR)

Converter and system reliability
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» Reliability Enhancement — Design for Reliability (DfR)

Converter and system reliability
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» Reliability Enhancement — Design for Reliability (DfR)

System level DfR - FMEA
Fuel Cell Converter
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» The Fuel Cell Converter has dominant impact on System Reliability
» Then the Grid Converter will become important.

System level DfR

% Identify the weakest converter in the system

Design of converters based on system requirements

Optimal decision-making in the system planning - investment on converters and their maintenance

\/
0‘0
\/
0‘0
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» Reliability Enhancement

» Impact of Integrated Design
»> Design for Reliability (DfR)
» Control for Reliability

» Impact of Replacement



» Reliability Enhancement — Control for Reliability

DC PEPS Structure .
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Source: S. Peyghami, P. Davari and F. Blaabjerg, IEEE Trans. Ind. App., doi: 10.1109/T1A.2019.2918049
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» Reliability Enhancement — Control for Reliability

Reliability oriented power sharing
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Source: S. Peyghami, P. Davari and F. Blaabjerg, "System-Level Reliability-Oriented Power Sharing Strategy for DC Power
Systems," IEEE Trans. Ind. App., doi: 10.1109/T1A.2019.2918049

((( SAEED PEYGHAMI, DEPARTMENT OF ENERGY TECHNOLOGY, AALBORG UNIVERSITY, SAP@ET.AAU.DK 15-DEC-20 SLIDE 83

VVVVVVVVVVVVVVVVV



» Reliability Enhancement — Control for Reliability

Droop gains and damage distribution

Droop gains of converters Accumulated damage of converters
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The accumulated damages of converters are approaching together.

Source: S. Peyghami, P. Davari and F. Blaabjerg, "System-Level Reliability-Oriented Power Sharing Strategy for DC Power
Systems," IEEE Trans. Ind. App., doi: 10.1109/T1A.2019.2918049
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» Reliability Enhancement — Control for Reliability

Reliability of Units

«
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Power Systems," IEEE Trans. Ind. App., doi: 10.1109/T1A.2019.2918049
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» Reliability Enhancement — Control for Reliability
Availability of units and reliability of DC PEPS

Conventional - - Battery
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» Reliability Enhancement

» Impact of Integrated Design
»> Design for Reliability (DfR)
» Control for Reliability

» Impact of Replacement



» Reliability Enhancement — Impact of Replacement

Maintenance based on system performance
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» Summary
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» Summary
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