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Abstract

Reliability assessment of renewable energy systems is a key step in evaluating the feasibility of renewable energy projects.
The assessment can provide valuable information on the availability and reliability, operation and maintenance strategies,
and operating costs of systems. In this regard, the present study analyzes the reliability parameters of a wind turbine
system using a statistical / simulation approach. To this end, the Reliability block diagram has been used for modeling
the problem which has the capability of analyzing complex systems with a high number of components while providing
simplicity and transparency in the concept presentation. For the modeling and simulation, RAM Commander software
developed by ALD software company was utilized. The block diagram model was developed considering a series
arrangement (8 subsystems and 94 components) and taking into account the probability distributions of failure time, repair
time, and other reliability data for each block. results were then obtained by implementing the Monte Carlo algorithm.
The results of this study contain the values of reliability, availability, and failure rate for a turbine during its lifetime.
According to the results, the average availability of a turbine over a 20-year life span was more than 0.999. At 25 points,
the turbine needed repairs, and the mean time between failures was calculated to be 7008 hours. The mean time between
system critical (catastrophic) failures is 77928 hours. Also, the sensitivity analysis of the model to changing input
variables is presented.

Keywords: Reliability Analysis, Wind Turbine, Reliability Block Diagram Model, RAM Commander Software,
Renewable Energy
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5. Downtime
6. Lifetime
7. Reliability block diagram
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1. Reliability

2. Maintainability
3. Availability

4. Uptime
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5. Failure mode and effect analysis (FMEA)
6. Koutof N

7. Mean time between failures (MTBF)

8. Monte Carlo
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1. Redundancy

2. RAM Commander

3. Fault tree analysis (FTA)
4. Event tree analysis (ETA)
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3. Intermediate accuracy
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1. Up Wind
2. Weibull distribution

www.jrenew.ir........ I......... info@jrenew.ir

( T T LS @ seeterei € e e s greyfo i A€ g @y




¥
ey

Y,
Moify

VE ) sl 5 5l (sl o)led ¢ od Sl =63 9 pdsasass sla (65, sole aslilad }

el Ssb o3l Jae gy 4 3k s s Qlisel Sl S5 )]

Rator Drive Train Gearbox Generator and

Cooling

Brakes and
Hydraulics

Controle Electrical and
System Grid

Yaw System

S ot o5l Sk Jas ¥ S

1
09
0.8
07
o 06
Z 05
8
g 04
03
0.2
0.1
0
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Times (hours)
6L g5 liedsl BB £ ISy

Ao Sl Jao Coulis Judos —F-¥

SNy st (5ol 4 Cpulis -1-V-F
ks A

Sibee S 23U oles 5 s £k s Ak,

A(t) = —0.0011t 4+ 0.9939 )

> &5 Gl 4 ol -Y-Y-F
39290 Slopins 2 Gm I &5 W3 e L el lategh s
ob e kulpd jo YL ols Jlzml 6l Ol g 95155 oy e
b g ai eols LiulpEl odidas ol e e 4 VY] aiil o
@ €5 Gl s eamplis ¥ gz o) Jolos e 2 o
S iy s i oo el p (eais dnnx 51 BUL g oo £,2) S g0

Bbge ey S5 (shgels Lo g

wWww.jrenew.ir........ I

... info@jrenew.ir

M,@Lﬁ—f

OrpF Silwand gl -)-F
ol 0l 00ly lid O S (o S (6 pdy s CobilB Jloged 4 axgi b
Aol G5 ee 0 ool Grg S Gdioe e biwgie e
0S4 6y s Jlade o gloy alais YO o iz s bl oo < A9AF0
AL oo i syl Dl paxd (6 oaiaolis a5 WS o Jo35 ) sae 5l 5
Sl Ve AL ply s 5 logol 2 G 0l (eSles Jlaie 0l ol
Ol a5 sy walss 93 ke 0 FpS & plees iy wd Sl
GOSN ST o] PO DY RGOSV IEURRYS SV Wl Ry Y JESP PR CE-
il oo el YYAYAY iy ool

alady Voo Jolis oads ools ylis £ S jo a5 liwedsl coblB logal
ekl clils 5l S el 55 yes 6 Al Yo lej s 03l 5o
s 425 & Lol (Wl (oo (I S Jliz) il (oo 20l s
o )lyed s 32 o (2 (o 50 Slens ploxil g e Vb 6 23y
(A5 G ) 990 wales  cowlie (6 8y (o yiws glylo
a Joged Ll 8 s am s gl abor aiz 5 35l b oliebl colls A
il <220l o3l g Sy po ladie (Y (6 Aolre) sl s
axly 5o (213 o) (9 (2P 5 @b Splas A ¢ Dol iz o
ol gzl BB Ldos Lalg, 5las” aslb o (Gl

Ry =4 x 107310 — 2 x 10725¢5 + 4 x 10720
3% 1071563 + 3 x 10712¢2 — 2 x 10-06¢ + Y
1.0035

b ploj t g Glimebs! cohl8 LB R(E) o o a8

R e e oo o o et G et s S
0.9995
099 | ¢ & (2] tH M e LRI
Z
%
7 0995
>
L4
0.998 L )
0.9975
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Time (hours)
1. MTBCF

'/



6)loy Hliw e 8 (6 S el sl Jol il G e yal

(24 x 10731)¢5 — (10724)¢% + (16 x 10720)t3 — (9 x 10715)¢2 + (6 x 10712)t — 2 X 107°

Ziy = —
® = T x 10731)6 — (2 x 10-25)¢5 + (4 x 10-20)t% — (3 x 10-15)¢3 + (3 x 10-12)¢2 — (2 x 10-9)¢ + 1.0035 M

O e Jsb o Sllee sloas e -
i 25 (5 43~

Sy B 6 ol plol CealS -

Ol 5 pline; 5o ol 5 Jleixl 5led (B
Lo g lgmg T ol Lld b g5l Joe

Joe Colas Jlow 35,00 (¥
9 Skl a5 Ll g gl Ot asile pmagitalp logl; 5l s pSo 0 (A

Wil ge Grized 5 Wyl Comles Jolod bl jo (VL 6yl

Gl Sgo 4 69955 Olyie @ 1) esls (6 glaen pima (slaosls
AlS S |y Jow g 2l o

oS el 9o g deoghal (B9 cliacnl ;3 00l (0S5 ARgR b,

S pdgnass sla 6551 s oz Slaptew o sl oslaial Jonily

Casllo 1) (ole)S (e g Gasd )93 slaptuns dlox

g

[11 Wind Power Capacity Worldwide, Accessed 19 May 2021;
https://wwindea.org.

[2] S. Einarsson, Wind turbine reliability modeling, MSc Thesis in
Sustainable Energy Engineering, Reykjavik University, Iceland,
2016.

[3] R. Billinton and RN. Allan, Reliability evaluation of engineering
systems, New York: Plenum press, 1992.

[4] S. Nigel, S. Chambers, and R. Johnston. Operations management,
Pearson education, 2010.

[5] S. Sheng and P. Veers, Wind Turbine Drivetrain Condition
Monitoring - An Overview. Proceedings of the Mechanical Failures
Prevention Group, Applied Systems Health Management
Conference, 2011.

[6] RBDs and Analytical System Reliability, Accessed 19 May 2021;
http://www.reliawiki.com/index.php/RBDs_and_Analytical Systm
_Reliability.

[71 B. Domingues, Wind Turbine Reliability and OPEX forcasting,
2015.

[8] M. Sheldon, Introductin To Probability And Statistics For
Engineers And Scientists. First Edit., United Kingdom: John Wiley
& Sons, 1987.

[9] A.Heyland and M. Rausand, System reliability theory: models and
statistical methods, Second Edition, New Jersey: John Wiley &
Sons, 2009.

[101/EA Annual Wind Report 2014 Task 33, Accessed 19 May 2021;
http://www.ieawind.org/task 33.html.

[11]S. Sheng, Report on wind turbine subsystem reliability-a survey of
various databases, National Renewable Energy Lab (NREL), 2013.

[12]S. Faulstich, P. Lyding, and B. Hahn, Component reliability ranking
with respect to WT concept and external environmental conditions,
Integrated Wind Turbine Design Upwind Deliverable WP7, 2010.

[13]P. Tavner, How are we going to make offshore wind farms more
reliable?, Supergen Wind report, 2011.

[14]Reliability Analysis of Wind Turbines, Accessed 19 May 2021;
https://www.intechopen.com/books/stability-control-and-reliable-
performance-of-wind-turbines.

[15]M. Martin-Tretton, M. Reha, M. Drunsic, M. Keim , Data Collection
for Current US Wind Energy Projects: Component Costs,
Financing, Operations, and Maintenance, National Renewable
Energy Lab (NREL), 2012.

[16] R. Poore and C. Walford, Development of an Operations and
Maintenance Cost Model to Identify Cost of Energy Savings for Low

A\ \

il ples by > 5 @B Z(E) ol &5

0.995

099

0985

0.98

0975

097

Availability

0.965
0.96
0955

095
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Delay Time

S 236 Gloy e 2 o) G iy ¥ ISS

s el Sl oyl )y ooz 3 25 Gl U Y Jga

A Er ol s al byls
744 744.) Gy Loy
VPA] OV (el) sigals ol

Lolpiioy 9 (5 a5 azsi -0
bl s jelate 4 lielsl Cldil 6l SLoS ol Jow 5 pols yiegh
oy S e 0 s 85 5 st 5 45,5 00 53k g lisal
oliabl Colls 6ulS slaasls Lol gl .cosl a2y & jgo poals
s Siln e e Jan Sl ol 5 ok oy
A dle =23 51 o (T hee Al Yo (50,90 10 0L g S
O ol ploy g el Dl pess winils aye Sboy s akais YO 4o
Gl e 93 8 et Szl (23 5 RIPL g Ry e S0

398 (50 0l g e JS (St
wlgg so ST Slalllas ;o (idgh cpl gl e jskate 4 a5 leladl
el 53350 lg0 Jolds oM &0 4 0,5 18 Jas v
Je s il O
shizl 5l 65 G olass (38 5 Loy o -
s (132l Wi ) FaillShg0 9 5 Geoe Jolod -
Silse Jila 51 (65050 40 5 i 40 Sl3ke sl 5l oolaul -
236 Glej mand oy ot sl ol Jloiol slag s 525 54 -
53S0l sl o8 g, slaosls 5l eslawl (Y
Ll g5 o) g (Lol ilakad olaad o Cdgazma (o,S Llsd (¥

1. Supervisory control and data acquisition (SCADA)
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