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Abstract Recently, as the energy crisis and environmental problems have become global issues, regulations
on carbon emissions have been strengthened in accordance with the United Nations Framework
Convention on Climate Change. Under these circumstances, the installation capacity of renewable energy
source, such as wind turbines, to reduce carbon emissions is increasing worldwide. On the other hands,
as the frequency of malfunctions is also rising according to the large size unit capacity of wind turbine
and the risk analysis and counter measure are different depending on fire and non-fire incidents, an
evaluation method of the causes of malfunctions is required. In general, the failure modes and effect
analysis (FMEA) method is adopted to analyze the causes of malfunctions in wind turbines, but the
severity and occurrence of existing methods are qualitative analyses based on experts' knowledge and
failure probability, which may not adequately reflect the actual risk priority. This paper proposes a
method to solve these problems by calculating the severity degree considering the damage cost and the
occurrence degree considering the operating time based on the fire and non-fire incidents. the
simulation results based on the proposed evaluation method confirmed that the severity is more detailed
than the existing method by considering the damage cost and that the occurrence had been evaluated
appropriately by considering the failure rate and operating time. In addition, the performance and
reliability of each risk priority is improved by introducing quantitative concepts to the existing FMEA
method and categorizing fire and non-fire.

Keywords : Wind Turbine Generator, Risk Priority, Fire, Non-Fire, FMEA, RPN, Weighting Factor, Failure
Modes and Effect Analysis, FMEA, Severity Degree, Occurrence Degree, Qualitative
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Table 1. Potential failure modes and causes in wind
turbine

potential failure

component potential failure cause
mode
broken blade, sto )
Pl blades structure failure
generate
fire, abnormal
i R hub failure, bearing failure
vibration,
) . hydraulic motor failure,
fire, unavailable
- ! overpressure, accumulator
pitch rotation R
failure
blade and

lighting protection failure,
limit switch fails, main and
backup power failure

pitch system | ynable to power

on/off, fire

unable to maintain
a constant output

meteorological unit failure,
abnormal vibration

abnormal filter, poor quality
lubrication oil, dirt
lubrication oil

fire, vibration,
noise, fire

abnormal vibration, glued,
pitting, poor design of teeth
gears, the offset of teeth

fire, flames, noise,
vibration, inability
to control speed

gearbox gears, cracks in gears
fire, noise, abnormal vibration,
vibration, speed | corrosion of pins, abrasive
reduction wear, pitting

temperature above

verheating, fire, limitation, sensor failure,

vibration, abnormal vibration,
generation abnormal instrument
shutdown reading, fail to synchronize,
broken bars, fail to start
generator
fire, noise, asymmetry, structural
vibration, speed deficiency, abnormal
reduction vibration

measurement facilities
failure, wire fault, leak

fire, leak, induction
failure

blade damage,
output reduction,
vibration, noise

yaw system yaw subsystem failues

abnormal signal,

. controller failure
abnormal operation

electric fire, explosion transformer failure

components

failure detection

X sensors failure
unavailable

conversion failure converter failure

424

3. 38 UMY ?EE

HoE flet 7tEx HE

3.1 7|1&
ZgRe g
analysis, FMEA) AE
BAIAHY] L&A 5t7] fJste] AREEE A3
A B84, Add EA47IHe R, o]F §% RPN B7}
o gt} 1] APZo| thste] HAT AAAIRE
EE% 4= Stk |A, 2404 AAG T BRI
o ¥R} 3 9 HEF|Y] 1FARAE HIFO R,
RPN B712 95t A2t (severity, ), HHE(occurrence
0), AZEX(detection, D)o g 7|&S Uehfd
Table 2%} 26l &, Hd=s 1% ‘:‘a”‘g"] T 740f] H]
e FFY 5aolH, Y= ALY 1o gt &
Ay 7+s439 sa8°H, AEke A e gt A
£ 7Fs49Y 585 YEhiH, ol v o2& RPN #e
=
o714, FE=E +9+= RPN Fholl wet Frfsid,
Gt O]‘IE‘ AdolA bty =2 55IFE -r]
Aol &g 0] ¥2 AL Yuigth. sixuL 7|E
A]

BT D429

o 24

EA(failure mode and effects
A gurd oz A|AHo|L A

= mIpA
9

lil

LA

AR

o
= =

4ol 42 3 WA= A A4, AR 2

fﬂr 7oz She 444 240171 "ol RPN
B7¥el7] oiag 7540l glom, o] WAgstA]
°1]L HlolEE 357 of#e AH
Sk 7]1£9] RPN H7PHML A2 e

— uT

k=

7}A]

aKel
e

a 2113}.

tlo &2 mlo oZi oEE nSL rlo

5



39 Bl FHaE IR S

419] Brlo] Bt

PYE, AEwe) 4gA FRES Tefeh ool 273

3] gk SAE9IE AT 4 Jlom, ol As) Al
9ol A RS AU st olige
T 9IeH7). Wb, B =oAL olejet EAES 5
Z3l7] Seted, E2 BuIEAslo] WA UAE T
9l wlahA) Abaio] che) TRk, AZEeh WA 7}
7} wsjolzt L-8AHE TS AEA At olo]
£ RPN %7} Wioke AAg

Table 2. Reference of severity, occurrence, detection

degrees
item grade judgment criteria
1 minor failure
) deterioration in system
performance
severltirs]degree 3 deterioration in component or
system performance
4 possibility of system shutdown
5 system shutdown
1 very low probability of failure
(failure rate = 0.001)
) low probability of failure
(0.001 < failure rate = 0.01)
occurrence 3 moderate probability of failure
degree [O] (0.01 < failure rate = 0.1)
4 high probability of failure
(0.1 { failure rate = 0.2)
5 very high probability of failure
(0.2 { failure rate)
1 very high probability
detection 2 high probability
degree 3 moderate probability
Bl 4 low probability
5 very low probability
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Where, C;: the ratio of each component in the

total installation cost in a wind turbine, C

comp *

G

total ~ *

7,

installation costs by each component,

total installation cost in wind turbine,

converted values from t, to 10°[h] base, t, :
shutdown time interval in wind turbinel[day],
SI

comp

modified severity degree by each
S,

component, Sy,

existing severity degree by

each component
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Where, Ft,): failure rate based on operation
time for each component, t,: operation time, A:

failure rate for each component after ¢,
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input FMEA data for sub components(X(k)) such as
failure cause, failure effects, failure rates, etc

'

[ sub component, k=1 |

|
v

categorize the fire and non-fire incidents based on the
failure effect by each component

!

evaluate the detection degree(D,,,,) of X(k)
by existing method

!

calculate the severity degree(S’,,,,,) with weighting-factor
by Eq. (1) ~ Eq. (3)

k= kzl l

calculate the occurrence degree(0’,,,,,) with
degradation-factor by Eq. (4)

!

| obtain the RPN'(X(k)) by Eq. (5) |

'

Fig. 2. Risk priority evaluation algorithm by
weighting factor
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Table 4. Characteristics of the existing RPN for
failure components of fire risk

1?,':]6]—0:] ﬂ';gf"j.‘l:]'[lﬂ C’ﬂ‘g‘ ‘é:‘ , %EHO]E Eg -\—l]i]/l] component |sub component] S | O D ex};;t;g rarnilil:ng
289l BEol=x 14.22[%]°] AdB¥]g9o] u]&y} hub 53] 1] 15 7
12[day]®] BAAIZES vepdct. &1, 9 Huday) ale Jafs| 2| u | 4
o] Adsleo TS 0]=] =] o) 710 < blade and
o gk ;e Sl W 8L A e e (51 [ 5 |
™o 1EKe] AFA S
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Table 3. Installation cost and shut-down time for gearbox break 3021 2 12 8
each component rotor and
generator stator >t o °
installation downtime electric
component [sub component cost [%] (day) system 515 3 75 1
hub 15.01 12.41 electric transformer | 5 | 3 | 4 60 2
hydraulic 221 0.75 components converter 513 | 4 60 2
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blade and lubricati =
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blade 14.22 12 439 715AE A83 e fAe B g
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lectri controller 2.05 0.88 RPN w43} 5dst ghoz Al olof wat, Edo]
electric
componns | transformer [ 1106 | L8 £ 9 TR A 47he) B19849 Buet Fu ),
converter 2.05 0.58
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Table 5. Characteristics of modified RPN for failure
components of fire risk

components [sub component] S | O D RPN’ risk
ranking
hub 90| 4 | 1 36.0 5
hydraulic
blade and pitch| system 8|3 2 347 6
system alarm facilities| 5.7 | 3 1 17.1 9
lubrication 58| 3 3 52.0 4
system
arb bearing 431 3 2 25.5 8
searbox break  |43| 3 | 2 | 256 7
rotorand 1,51 1 1 | 155 | 10
stator
generator loctric
° 72| 4| 3 | 864 3
system
electric transformer |7.9| 3 | 4 94.3 2
components converter |7.2| 4 | 4 115.7 1
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(b) risk ranking

Fig. 3. Characteristics of risk priority for fire components
by existing and proposed methods
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blade and pitchy accumulator 41212 16 4

system
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rotor 412101] 8 8
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bars(broken) 41115 20 3
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electric controller 313 4] 36 1
components sensor 33| 4| 36 1
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Table 7. Characteristics of modified RPN for failure
components of non-fire risk

component | sub component | S | O | D | RPN’ risk
ranking
blade 8.1 4 1 32.2 5
Falade and accumulator 571 4 | 2| 456 4
pitch system
pitch system 431 1 1 4.3 9
gearbox gears(cracks) 571 3 1 17.1 6
(wnebong |61 1] 1] 61| 8
generator synchronize
bars(broken) 61| 2|5 ] 611 2
yaw system sub system 4314 11| 171 7
clectric controller 43|13 | 4 | 514 3
components sensor 43| 4 | 4 | 682 1
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