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byaropower planl 18peclton wkb retole 8en8or8 en-
able8 early pelecliwon ol barargow byarogynatk
pbenoTena.

Key”~orn8 8el8tlcnelwork.Ketole 8en8or8 .
8lrruclvral beallbtoblFonng. Hyaropower 8ralton.
Twurblne. Yblralton conlrol

1 1nlrogpellon

Hyaropower planl along wkb 18 gat angre8e”ok 18 a
large ang cotplex blgn8rnal laclUry, ang 8iablloanl”
Talblnclon bl 18 operalton Tay 1leag o ganger lor
people ang enykontenl . Planl 8lrmuclure8 Tay be blably
alTeclea by nalvral bararg8 8uchb a8 ear“nake8, ang (or
lollowepn by) lana8Hpe8, rocklall8, ~unelaclon, Moog8,
waler waVe8 bl 'be re8e”olr, elc. Harargow 8trualtong
can be cam8epn by I'be pearapep 8ale ol be fat, by
'urblne operalton gi8rurbances, by agta ang olber el-
lecr8 Mo Mbe gaT 8Male ol'beallb. Proce88e8 caww T4 Mbe8e
panger8 are ol bolb nalvral (Hke earl“nake8) ang ara-
Molal cbaracler8— pges8ian Maws, o T188t0n ol geologtoal
laclor8, ang cowlruclon pgelecl8. I'm orger Mo peVenl
acblgenl8, Tany byparopower planf8 are coTrtonly
e n~ppeg wkb 8eVeralblgepengenl” ToblMonng 8y8rer8
nrWwrrg grrerenl e®n”ptenl anpg relaleq proce8d8rtg
Fecbn™une8. Tbe pala ol Mbe8e 8y8let8 anp re8ull8 ol
bek proce88ta ang analy818 are m8ually 8loren 8epa-
ralely, ang 'be coTplex analy818 ol allblboToaeneomn8
fala 18 mearly 1tpo88ible.
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L8roncally, lurblne8 are pe8i8nen wbb 8rabc
perFortance 7 TTA ba8T8 on cbaracletlics,
whblcb are tea8urep lor 8taller Toael8. Thbl8 ap-
proacb 8lye8 a 8ab8laclory pge8cnpbon ol a lurblne
Tacblne T a 8rabonary ang lrawllonary Toge ol
operabon, wben re8te8 are 8wbcbesg 8toolbly.
Neyerbele88, 8ucb pge8cnpbon Tlall wben 11 coTe8
['o a8 ylbrabonal proce88e8 1 [Ibe waler Mow parl
or an analy818 ol I'be aynatbl 8lrabllby 18 ~e*nu~ep.
1n a lar8e atounl ol ca8e8 knmown logay, Mbe gy8-
nncbon ol Murblne Tacblnery 18 accoTpawep by an
eleyaleq ylbrabon anpg caybabon8. An T18lablbly ol
a [urbulenl Mow 17 [Ibe Iurbine 18 a bagblonal way
o explaTt any wunknown elTecl. Howeyer, 8uchb
eyenl8 are olTen relales o Mbe gynatlc 8rabLUly ol
be Tecbawcal con8bucbon. Tbe waler colutn fe-
crea8e8 Ibe Tecbanlcal 8MablUly ol a Togel. Por
exaTple, a beorebcal e8bTtabon Tlor be ca8e wbb
perfurbabon8 [Iball are cbaracletbc [lor be waler
Iow parl (3 Hr pre88ure puke8 ol 0.1 al'T) relnMws8
a 3.5 171 yalme Tor be pl8placetrenl atpblupge.
Bue o Mbe Tiimence ol Mbe waler colntn ang a
arat lwube, be cbaraclfetrbc o8cllallon lort8 ol
be workth whbeel blage8 cbanpge. Pu8lrily, low-
b~nency lort8 can toye Tlro Ibe range ol work
6"nenble8 ol a Murblne §1Yen Ibe waler colutn 18
bl§b enougb. 1n 8ucb ca8e, Ibe Murblne gesrablb2es.
Ke8onance8 w1l can8e a 818wllcanl eleyallon ol
Yibrabon8, wblcb in Mt wbl Take [be 8ifnabon
barargow. Tbe TM1unence ol 'be waler colutn aller8
bol'b T"“e”nenc”e8 anpg lort8 ol cbaracletlc

Table 1 bl ol obleryen barargon8byarogynatk pbenotena
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o8clllabon8. Tbl8 pbenotenon 8boulpg occur T08I
1nren8lyely aI” blgb-pre88ure Iurbine8 wbb long wa-
ler bnes.

Tbere are a lol ol work8 (ite., 8Ttabal el al. 1997,
Panoy el"al. 2014) publUbep Mal" go Mbeorebcal ge8cnp-
bon8 or topgell ng ol Turbine8. Noweyer, 'be palra ror
real F'vrblne8 ang Mben tabuncbon818 pubb8bep only 1
Kwngslan 8owurce8 ol I'be lNuenllelb cenlury ang lor Mbe
laton8 p18asler al 8ayano-8bwbT8Kaya Hyaropower
planl. Tbere 18 pracbcaHy no TFoTabon regargTa re-
Tole Tel'boa8 lor bararpg early gelecbon, probably be-
cau8e ol Ibe corporale cla881/callon ol relaleq gala.

colleclen Nbe obleryabon re8ull8 lor Nbe byparo-
Tecbawc8 pangeron8 eyenl8 1 Table 1. Ba8tpa on
be8e, Wwe propo8e a telbog lor early bararg gelecbon.
Purlber, an exatple ol"an early gelecbon ol a caybabon
yorlex-core ow 18 81Yen. TbI8 Necbn™we can be appbef
T any HP8.

Eyery ToTlonng 8y8MeT ubbre8 18 own &peciic
8en8or8, cotTuw cabon prolfocol8, ang Fnrra. 8balabl-
lorwarg cotbuw ta ol 8ucb 8y8leT8 ba8 I'be MNollowTy,
n18apyanla8es:

e An exce88lYeatounl ol 8en8or8 wilb 8oTe ol 'beT
oupbcabng Mbe Mncbonably ol olber8 wilb yaryTs
preTin

e bBllTerence T Ilte Tleryak lor Tea8uretenl 8 foe8
nol” perTk 8ltullraneon8 pala ac*m”"8""“on anpg
processing

e Arblwolal lubllabon ol conbnuow pgalra ac*Mk”™bon
(t.e.,, recoratn ol 8exktlc eyenk only)

8uppesrep cange Hygropower planf, Oan8e/Tea8ureg characlerl8ric Yalve 8owurce
counlry
8PalT beal Trg Koyo81blr8kaya, Y1broteler, Mirblne/o8cLliallon ©0 T Belo§laroy,
Kn88la ar8placerenl” Olaryrln 2009
Pluclwuaiton ol Mbe waler colntn Ina Bureb8kaya, Kngsla 8elgroTeler, gaT poln/o8cLLiarlon ©° =  Kbrapkoy elal 2007
Lwarertay yelocTy 8
Plucluaiion ol Mbe waler cowwn Ina Cblrkey, Kngsla 8eldroTeler, gaT potl/o8cllalton 100-400 Owr palra
Lwalerway yelocy/ TKT/8
Pluclualton ol Tbe waler colutn Ma Kra8iobar8laya, Yibroteler, Murbre/o8cLUalton 300 TKT  Bryr8aloy 1998
walerway Kng8la ar8placerenl”

Cayital'ton yorTex-core Mo Cblrkey, Kngsla

8ewdroTeler, Tacblne ball potl/

50 TKT/B Owr galra

o8cllaiion yelocTy

CoTplex orl8in

8ayano-8bméblngkaya, 8elgroTteler, gaT poTl/o8cLLalton

120-450 8elerney el al. 2012

Kn88la yelocly TKT/

&) 8prrger



| 8e18wwi0l

1n 108l cases, planl beallb Towlonng 18 aeryen by
Ibree 8y8lews8, whblcb perlorw ob8eryalton8 ol galerenl”
obJecl8 anp area8 (U g. 1):

1. 8ei8rrc Ttowlonng ol Mbe re8eryok area
2. 8auclwure towlonng ol Mbe gaT 11811
3. Mowrlonng ol F'urblne ylbrallon8

All I'bree I'ype8 are obWpgalory accorgwp o coge
nort8 1n Kwussla (Tecbwcal pgwpance gocutenl
1995) ang 7 a nutber ol olber counlne8 (8Mangars:
ALWIT/AB8A 82.47 1990; Mblebcbl el al. 2003). ThbI8 18
a lepacy ol an olp analog pala ac™m"8"on anp proce88-
wa TablWy To explog 8en8or8 o ben Iull polengal.
Tbu8,1071 precigon 8en8or8 were bilenlonally 8elecles,
ave o arlWclal aTtywon ol 8ei8w o o8calalton Melg o
baavency bang8, eacb re8pon8lble Nor 8eyeral *ype8 ol
o8calalron8: earl“nake8, gat o8cllalrton8, 8eparale VI-
bralton8 ol Turblne ang 1*8 par*8, elc. eV ew eacb 8e*
ol"e™m™etenl8 T pelapg *o gelerllne wblch re81lnclrong
are 8ub8lrangal ang wblcb one8 are gue o Mbe barglware
brbaltow.

1.1 8el8toloarc ob8eryagon8

Thbe TaT poal ol 8el8toloalc ob8eryason 18 collecl Ty
Trotapgon on local earl*nake8. Oblawes Nocalloca-
lMon8 anpg tagwlunae8 are ngbren lor (a) e8ruwalton ol
po88lble iTpac*s on a gat, (b) calculagon ol 8eiglllic
acl'blby lor ear“nake bararg e8Muwalton, ang (c) gelec-
non ol wpaucen 8el8T icby. 1nlrlally, only relalblely

N§. 1 Cblrkey plan* Vealb
TonMonng 8y8*eT, TaT parl8:
1—8el8wilc TonMonng ol The
re8eryon area; 2— 8!ruclvre
TonMonng ol Mbe gaT Vgl
3—rtonMonng ol Turbine

V' Hal"ond

8*rong eVenl8 Tere ob8eryes (Tagwiunge M > 3). 1n be
1a8* pecape, be galfa on wicrosel8lls (Yunpgakbt e* al
2005) anp LWilcropul8e8 (M < 0) (8punaT el al. 1997)
baVe been appenpepn 8ucce88l'mlly. Tbe FooTnpg re-
~n™eten”8 can be geguces 'rot publlbes expenence
(8nw8on el"al. 1988; 8aykb el"al. 1990; Knkegaarg ang,
Brnncker 1994; Tecbnlcal gwpgance gocutenl 1995;
Manwual... 2001; P 92-01 Manual 2001; Ouplra 2002;
MAebcbl el al. 2003; Kapwlan ang Yugakbln 2007,
Owuplaang Kaslfoal 2013):

1) 8eToT$ baVe lNo be Mnaxlal (X, Y 2) broagbang
(baguency range 'rot 0.2 Ar) 8ei8toTelers TIb
a nol8e Iloor belTer Mban -130 gB anpg prelerably
Veloc y-tele"8. Honronlal ax18 8ball be onenlef
along carpgwal aneclwon8 (N-8, E-*). bynaTtlc
range ol 8en8or8 baVe o be blgber Nban 130 4B, T b
Ibe Mill 8cale ol 1 f. 8lablHIy ol 8en8or cbaraclewwu-
Mc8 anpg 18 bneanly 18 VeMy itporlanl becan8e Te
analyre nolr only waVe all*\Val nTe8 bulr al80 aTpA-
'npe8 anp 8peclra ol Mbe Tonllores 818nals8.

n) balaacanTlWon ang ranglLigsion 8ballnol gearage
perlortance ol Tbe 8en8or; Teanlng bal be fynarT-
1c range 18 nol” 1e88 Nban 130 aB anpg lbe 8aTplTy
ral'e 8boulp exceesg 50 Hr. 8oTe 8en8or8 proV/ me
analop oulpul only wilb 81anal ~e 1 ol goren8 ol
TAc”0V0178; M'bu8, Nbe fala 8atpllna/atplllical lon in
8ucb ca8e 18 Mo be perlortep 1n a clo8e proxiWiry Mo
8en8or. Tbe recoralng Tn8l be conlTnon8 (nol Irag-
nerep eVenl8 only); Mberelore, falra 8I'reat rale Mrow
one 1rlaxlal 8en8or 8ball be al” 1ea8l 4800 bp8. bala
can be ellber 8loreg locally or Iran8LUllMles Mo a
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cenbal proce88tg nut!. There are n8unally allea8!
Ibree ob8eryalton poT!8 w !be reaeryok area a! a
n18lance ol 30 KT I'roT !be fat. The cTaal pa-
rateler 18lbe prectgion ol 8yncbrotralton ol 818nal
lo Coorpgrales Mnlyer8al Tte (MTC). Accoratsa
lo reYlew (banHoy el al. 2014), 8en8or8 T 8el8T10l-
oAy proytOe 8yncbroTralton belween 1ang 20 LS.

1.2 8el8T0 TOnbonng olapgar

Thbe poal ol 8e187lc ob8eryabon 18 e8paTalta 'be gat’8
8be88-8bart 8lale, lo 1gen!ay weakenep area8 whbbln !'be
nat’8bogy ang Mx_)unclion8 wbb 8ife8. BepenaTa on
be exac! 'a8k ang cogex “eMwleeTen!8 T a couniiy, lwo
Te!bopn8 are appben. Pb8! Telbog 18 a calculaiion ol a
re8pon8e 8pec!rut ol !be 8iinclure lo 8bong iTpac!8 ang
Ibe 8econp one 18 ba8ep on probtgh a faT by arblen!
nolse wbb !be 8ub8e™men! getapgon ol cbarac!en8iic
o8calalion Fort8 (Xbrablt ang M1kulak 1977; Penye8
elal. 1992; bob ang T8u-8bln 1996, bawell ang Taylor
1999; barbre ang Pronlx 2002; Cbuban e! al. 2009;
NnlonoY8kayae!al. 2014). Tbe lNorter Te!bog "e"n™e8
pertanen! ob8eryallon8, whblle “Toyln§ poT!” ob8er-
yallon8 baye !o be perlorteg lNor!be laller. 1r''be atblen!
notge ba8 !o be tonborepa, ellber !be 8en8or8 baye !o be
connecleq T one nelwork wbb pertanen! gala ac™n"8"-
lton or local ga'a 8lorage8 baye !'o be 18lalles. The laber
approacb 18 el'bten! only I' !be atoun! ol 8en8or8 18
8tall. PortoY m§ poT! ob8eryalton8, one 8en8or ba8 o
be 8labonary whblle o'ber8 are Toyep acro88 a garT.

Ba8epn on Xbrablt ang M1kulclk (1977), Penye8 el al.
(1992), bob anp T8u-8bln (1996), bawell ang Taylor
(1999), barbre ang Pronlx (2002), Cbuban e! al. (2009),
ang /inlonoY8kaya e! al. (2014), Ibe lNollowTa Mwre-
Ten!8 baye !o be Te!:

1) 3eTorx:t ca8eol!be pertanen! ob8eryaiion, one can
n8e 8enBor8 wiib low 8en8bT!y; boweyer, !be 8bong
Tobon pgelecbon ang recorgry 18 vawren. Plagmnency
banpg 18 0.5-25 Wr ang !'be gynatTtc range 18 oyer
124 pB. Wb 8ensiliyily 8en8or8 (130 B, 0.5-
50 Hr) are a3pgwrepn lor nol8e probTh ang ToyYng
poT! 8cbeTe, capable ol igenblyTpa !be cbaracewiic
o8cllaiion8 ol"a faT. Bo!b VelocMwue e™8 ang acceler-
oTeler8 are 8ubable 'or ellber te!lbog. 8en8or8 8ballbe
lnaxlal one8 (X, ¥ 2) wiib laleral ax18 abanes wbb
raglal ang langenbal gkecitow olfanarc gat or lenalb-
LLh8e anp cro88LL8e lor a bnear garT.
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n) balll acgbiTblon: T pertanen! Tea8ureten!8, !be
bangwpa'b can be up lo 50 Hr, 124 B, anpg re§is-
Iralton 18 a con!ltnon8 recorartg only ol !'bo8e
eVen!8, wblcb 8T/N/bTN ralto exceen8 cerlaln
'bre8bolp (Allen 1978; Tecbwcal pgwpgance
pocuten! 1995). Thbe accuracy ol gala 8yncbror-
ragon wbb NTC 18 ol 'be 8aTe 1leVel a8 T 8el8To0-
lo8lcal ob8eryaiion8. Por Ibe ToV/~npg 8en8or Te!b-
of, 8atpbn§ rale 8boulg be Tore !ban 100 Hr,
130 nB, 'o en8ure recorarta ol blab-bsgnency
cbarac!en8ac o8cllalton8. Tbe gurallon ol recorg-
T § aleacb poln!canbe 'rottlnun'e8 o bonr8. bala
18 8aVep ellber on Tlernal8lorage olfa gl81'al8en8or
or 'o Ibe 8e"Ve by bAK. Tlrte 8yncbronlrallon
8bonlp be beller 'ban 1 U8, wblcb 18 “e®n™en lor
lvrlber pala proce88T1§ by correlallon al8orl!bt8
(AnlonoV8kaya e! al. 2014). Tecbnlcal 8olu!lon lor
precige !1te 8yncbronlrallon can be bkky becau8e
ellber OP8 8en8or8 neepg !o be places onlsige !'be
nat bopgy 'o mncgon or 8en8or8 baVe !o rely on
!belr 1nlernat clock.

1.3 Y ragon tonllorln§ ol urblne8

Pwck 1pgen!lcallon ol !'belr abnortal o8calaiion8 can
p~eVen! a po88lble Tapgen! ol a !'nrblne tallunc!lon.
8en8or8 tea8ure tecbanlcal V”bMal®on ang [N 118 leVel
exceen8 a !lbre8bolg, 'be urblne 18 8bu! gown. Accorglng
lo Kusslan cogex (TecbTcal §ulpance gocuten! 1995),
all vV b”al~on 8en8or8 are lo be unbeg 1n a 81ngle nelwork,
whblcb 18 connecleq 'o an anloTtalen conlrol 8y8leT.

Be8plle 'en8 ol" 8en8or8 mn8epn lNor Tonllorlng, 8oTe
pbenotena Tay rertaln unpelecleg or T 18Tlerprelepn.
Por exatple, !be V"bal”onal con!rol 8y8!let canno! f18-
bn§w8b on 118 own wbel!ber !'be !urblne, local ear!b-
“nake, or a Tabuncagon ol 8oTe Tacblnery in clo8e
prox1tlly cam8e8 an abnortal 818mal. Ano!ber cruclal
8alely 188ue 18 a cayl'allon elTec!. Pre88ure 8en8or in a
peleren! cbatber (Xu 2benyn e! al. 2015) 18 T08!1ly
n8ep lo pelec! 1. Tbe 818nal proce88T18§ 18 btllep 'o !be
neleclton ol abnorTtal pre88ure 8plke8, ang !'be nolg8e
F'roT o!ber proce88e8 pelerlorale8 1. To ~tp~oVe !be
“nal™y ol pelec!lon, !be Tonbonng 8y8!eT ba8 !o be
exlengepg wbb reto!e 8en8or8, coTplex galaproce88Ty,
ang 8en8or8 !ba! Tea8ure 8el8tolo8lcal eVen!8, a8 fert-
on8lraleg by !be exaTple below.

Table 2 18 a collec!ton ol 8en8or ang fala processing
rern~teTten!8 lor any 8el8tlc nelwork bupa! Tor



1 8el8T10l

Table 2 Mart “e*w”eTen!8 lor byaropower plan! tonkonng 8e18r Ic ne!work8

Mon1lorlng 'ype 8!nay 8ublec!

8en8or, 4B
8el8ro ogy Ea™\b"ake8 >130
8en8ww\c In8pec!lon ol 8lrong To!lon >124

8lructuralmlearity ATblen! nolge >130

P1vip pre88ure >130
pv18allon8
Turblne VAbMalon  >130

Ylbrallon con!rol ol 'urblne8

byaropower plan! tongonna. Thbe I'bl! 'wo !ype8 ol
Tow'!onn§ 8y8leTt8 can be coTbTen T!o a 81ale ne!-
work, whblcb al8o allow8 tongonng ol 'nrbte VAb"a-
lton8.1tporlan!ly, !be MNwton 18 no! a 81tple gala 8lreat
collalton bu! “nVolVe8 new pnnclple8 lor 8en8or place-
Ten! ang pala ac*m™8"”on. One 8ucb nelwork 18 on
Cblrkey plan! (Canca8un8 Moublww, Kngsta).

Tbe poal8 ol !'bl8 arpacle are !o pre8en! lecbuwecal
8olm!lon8 ang !o geton8lrale new capabllble8 ol !be
Tulll purpo8e 8el8tlc Towlonnpg 8y8l!eT, whblcb we
baVe bbll! l'or Cblrkey plan!.

2 Expenwenbll seciion: cowblnwyg Toniiortg
ne~Teork*

2.1 Kelwork cowiincgon pnnblple8 ang Tongonng
~eMntMeten!8

A ToTlonng 8y8ler T fesi8n 8ballTee! Ibe NollowTa
crpena:

e Kecorgblg ol'bo!b local ang regtonal !ype8 ol 8e18-
Tlc eVen!8 (earl”nake8, explo8ion8, byarolurblne
lamncbe8) wbb Tlcro8el8t8tclupen. bala proce88-
T4 Tea8ure8 8ei8T ic T!len8pay ol an eVen! bl real
LTe. 8elsT 0 l08lcal palaproce88tpangtaTt Tler-
prelagon 1ncluge8 !'be e8atalton ol !be eVen! lype
(eag™unake8 or local V~b"al™on8), bl Tagbl!uge, ang
epTtebler localiton. Proce88Ta can be perforteg
wbb !be agaaton ol pala I'rot reagonal 8el8tic
nelwork8. Mlcro8el871 repi8iralton 8y8let 8boulg
p~oV/ ge Tean8 lo lpenlly cbarac!ewiic (or nalural,
el8en-) Me™nenc”e8 ol 'be gat, 08calagon8 can8epn
by byaroagynatt pul8e8 aunng !be !urblne opera-
ton, ang Tlcropul8e8 (iie., m8T1a Telboa8 IroT lbe
arOcle (Yupakbln e! al. 2013)). Mongonng ol gaTt

Aynaw”c range ol

bynawunc range ol P~e”nency bang ol bTC

411! rer, 4B 8lgnal, Hr accuracy, LB
>130 a! 50 8p8 0.2-25 1-20

>124 al 50 8p8 0.5-25 1-20

>130 a! 100 8p8 0.5-50 1 or 8econg8
>100 a! 200 8p8 1-100 20

>130 a! 200 8p8 1-100 1

o8cllalion Tagnanpae lor lurblne rolalton Tpac! 18
perfCorten T realpte. Coniinnon8 ob8eryallon8 are
~en™Mep by Ibe Mecbbl™ne ol probTa faTt boay ang
neoloart tepla, n8tph 8el8tlc 8lgnal penerales by
lurblne rolalton8 (An'onoV8kaya e! al. 2016).

¢ Alllow-8en8l!Tly 8el8Tt0 8en8or8 on !'be gaT op-
eragng 17 l!be !ngaenng Tope are !o be replaceq
wbb blab-8enst! T 1y one8 lor recorgth no! only
Ibe rare 8bong eVen!8 bu! al8o regtonal ear!“nake8
ol 8taller tagbl!nge8. Agablonally, !bl8 enable8 !be
paTt tongonng ba8eson arblen! not8e ang nalural
Topne 8bape analy818.

e All pnala baye !o be collecleg by !'be pala cenler 1
real fte, 8o !bal all e8!talton8 anpg proce88Ty
(calculaltp 8peclra, 8TA/UIA eVen! 'lenng
(Trnkocry 2009)) can be gone proTp!ly. Tbe 8y8leT
Tn8! blclugereal-!te proce881y 8oiiware ang T !
allow coblrol ol'lbe 8y8'eT operagon ang cabbragon
ol 8en8or8 I'rot !be cenlral acce88 pot!. TThl g ol
all pala cbannel8 8ball be 8yncbroblreg wab NTC
wab !be prectgion olfa! 1lea8! 0.1 LS.

e Proces8sing 8oiiware 8boulg tclnge opaon lo expor!
pala 1!'o lorTal8 8upporleq by 8langarg packapge8
l'or 8el8toloplcal analy818, I'T!e eleten!8 calcula-
lion8, elc.

e 8y8ler 8bonlgbe expangable ang 8uppoa8en8or8 ol
Va™oun8 lype8 “e”cily-Te™eTB ang acceleroteler8) bl
ca8e ol"a neep lor urgen! replaceren!.

e Ko con81rar8 !o !be range nor localton ol 8en8or
placeten!. 8en8or8 can be places a! a long fgi8lance
'roT !be cenler or v 8iae 'be fat bogy, a8 wella8 1
'be !'urblne ball. Bala tran8r 188ton bne8 8boula be
noi8eprool Tcluatyh 8blelplng & o1 alto8pberlc
eleclriclly.

1r all 118!eg “e”n~"eten!8 are Te!, !'be atoun! ol
8en8or8, 'belr pala 8'orage8, or processing unbl can be
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regucep o ttuw re be co8 ol I'be T8lMallalton. Por
exatple, a et 8en8or8 I'roT 8el8toloalc nel Tork can
be replaces TAb 8en8or8 T8Malles onm Ibe gaT ang 118
_)otl'8, I'berelore eH TTal T4 al lea8l one 8el8ToloAak
reai8lrarton potl ang I 'be gaT 18 large— I 10 powl8
(ngbl" anpg 1elT 8ine8 ol Mbe gat). ThbI8 18 pargacularly
e88enllal becan8e Nbe 81[e8 T rocky areas are ol lenbarg
[oreacb anp eacb ol 'beT "e”n™e8 co8l 1y wlra8lruclvure
(a payblon, poTer 8olulton, Tawlenance Tork8, erc.).

Apablonally, 8en8or8 on I'be fat can Tpto Te Ibe
“nall™y ol prekw g teak earl“nake8 I' I'be recorgra8
are suTTan2eq. Plagure 2 conlfar8 an Wwlraiion ol TbI8
byrecoratyg a local earl*nake (31 Marcb 2013, M =4)
by 'be 8y8lret on Cbhlrkey planr.

1n P1g. 2, recorgta8 are 8botn lor potl8 along Mbe
pallery (8. 2, 3, 4) T1a4b TI'be an )m8leq re8ull ol Mben
snw tan2agon T b gelay8 bel Teen cbannel8. Tbhe 8ut-
Tanralton 8boT18 antak ol 8-waye8 clearly, Tbicb
allot local'tg Nbe eVenl Tore precl8ely.

gel8llic Towlronng ol Fbe re8ercolr area 18 8nbllar o
Ibe Myprcal regtonal 8ekTtlc neltork, calcmulalrTy earlb-
“nake epkenler localton I'rot P- ang 8-Tace arrrak.
LWnally, o 18 nol recoTTtengen lo place 8en8or8 on a
8lruclure Mor 8ekToloalc ob8eryallon8 becau8e Ibe re-
corgep 8lgnal tonlp tcinpe a re8pon8e ol Mbe 8ruclure.
Bynatk cbaraclen8lic8 are allereq T 8ucb ca8e bul
Taye antak are nol. Tbl8 18 p*0Vep by ob8eryalton ol
Tayelorw8 al'be gaT ang oublge (gat-boarg_|oTlh)—
na. 2.

2.2 8y8let al Cbirkey byaropoTter planl”

Cblrkey planl18 bwll on Mberter ol 8nlak T a Canca8u8
blab 8ekwtoily region. Concrele arcb gat 18 232.5 w

b§. 2 An exaTple ol be local
ear“nake (31 Marcb 2013,

M =4) recorgef by Cblrkey
TonMonng 88 et, ang 8boTn
are P- ang 8-taVe8’ aTrrak.
8e18r 1c 8endor localton: X(. 2, 3,
ang 4—part bogy, Al 9—par-
‘boarg)on!
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blgb ang 338 17 long (P14. 3). TurbTe ball8 nexl” o Mbe
nat accoTrtopfale Mour Pranck Murblne8. 8y8rer LLBlal-
lalton Ta8 perforwen 7 I'to 8Mep8 lor po88lble correc-
lMon8.bunnpg Nbe &8I 8lep, T e baVe places 8engolB8al e
poTK, Tblcb are crblcal l'or 'be gaT 8Male. bala cable8
are lalg T a tay [Ibal agablonal noge8 can be ea8pgy
appenpep l'obe 8y8let. Thbe &8I parl ol Tbe 8y8leT Tag
coTw 188lonea T 2012.1T1 bap been operal 74 lor 4 year8
TKkboul any Talluncition, ang a geckion Ta8 Tage o
expang Nbe nel Tork.

8ekToTeler8 Tere places along 'To Tner gallene8 ol
Mbepat (315ana 2651 Tark8), T 8lpe-gat_)oTK, MnrbTte
ball8, ang 7 KT aTtay T 8ekwt 8lMagon bubbl (BBC,
Kunsslan Oeopby8lcal 8ur7ey). All 8ensol8 are 1kleg T
Table 3, ang P1la. 3 8boT8 Mben locaiion on Mbe gat.

Lle n8en Kunddlan 8ektoTteler8 8M-3 anp acceler-
otel[er8 CMO-5T (Owuralp, bI'rp://TTT.AMralp.coT).
8ekToTeler8 bace blaber 8ens8irTry T loT-63amnency
range ang are prelerreg lorrecorary ol earlf*nake8 ang
naT o8cllaltons. K.ecorawa8 by acceleroteler8 are bel-
ler 8wlen lor M'be neen8 ol 'be 8ruclure cotpuler 8iTm -
larlon8, al” 1ea8l in Kwnsgsla. Lle 1nB8ralleg one Veloc™My-
Teler ang one acceleroTeler in be cenler ol Mbe gaLw
al Mbe e ! ol 315 7, 80 I'bal 'be8e pfala Nype8 becote
coTparable in a 8lngle poTl. bala collecgon cenler 18
local'eq near 'be fat rlgge. 1 al80 conlfaln8 a OP8 lo
perforT liwe 8yncbronl2allon. Plber opac cable8 are
n8ep lor Tlerconnecpon ol all 8en80I8 1n be nelTork
ang lforcoTTtmnicarion T4b Ibe 8ei8llic 8rarlon B1bkl.

2.3 Pby8lcallayer ol Cblrkey byaropoterplanlinel Tork

Pby81callayer ol 8et8llic nelTork 1nclmae8 8etsllic 8en-
808, nala loaner8, ang opacal Mber Mne8, Tbhl cb connecl
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nala logper8lo !'be pala proce88tpg cenler. bala loager8
are placepg near 8en8or8 !o ayolp problewa 1!b analog
818nallran8LLI1881on.

Tbe 8e18llic nelwork n8e8 Preckion T 1e Prolocol
ba8en on 1EEE 1588 8lanpgara8. 8tale Preckion Tlwe
Prolocol Ta8'er mt! 18 localeg w !'be pala proce88T1g
cenler ang con'!at8 OP8 bt1h ToaMle, wbcecb gener-
ale8 OP8 8yncbronizesq 10 MHr clock pul8e8 ang 1 8
pnlB8e8. Tbe 8yncbrowz2er nt! Keep8 Preckion T Te
Prolocol clock8 ol"allpala logner8lockes 'o OP8 clock8.
Owur 1e818 on 8tle w!b !be nelwork tclnarh one Elber-
nel 8wlcb ang lNew wepla conyerlfer8 geton8bal'ep !ba!l
Ibe bte error 18 below 150 n8 17!b a 4yplcal error ol
50 n8.

Table 3 8ensor8 ang T8lallalton poT!8 ol Cblrkey TonkorTg
8y8ler

PoT! no. 8elgroTeler lype bocaiion

1 CM-3 (8M-3) Mark 3157 8ciion 16
2 CM-3 (8M-3) Mark 31571 8clion 10
3 CM-3 (8M-3) Mark 3157 8clion 1
4 CM-3 (8M-3) Mark 315 T 8eciion 7

5 CM-3 (8M-3) Mark 31571 8clion 15
6 CMO-5T (0.1 p) Mark 31571 8clion 1
7 CMO-5 T (0.1 p) Mark 265 T 8clion 1
8 CM-3 (8M-3) Mark 265 T nab! boarg,
9 CM-3 (8M-3) Mark 265 T 1leii boarp,
10 CMO-5T (£1 p) Turblne ball no.

n CMO-5T (1 ) Turblne ballno 2

12 CM-3 (8M-3) 8e18T1c 8laiion “Bubk1”

Tbe pala logger cow Kk ol analog-'o-glpbal con-
yerTere (ABC8), Tlcroproce88or con'roller, ang opltoal
trangcetYer. I! cottutcale8 1!b !be pala proce88t§
cen'er 1bron8b 8tale-tope op!lcal Mber 1Te 100BA8E-
PX ~b M 8lanpgarg. bena!b ol 'ber cable8 can exceef
20 KT.

Analog Tlron!-eng conblw !bree gell'a-81ata ABC
mu'b low-noke (5 nY/Hrl2) proarattable gat atpb-
ber. ABC8 baye ex!retely bl8b re8olu!lon ol 130 B
8XK. (81lgnal-noke ra!lo) a! 250 8P8 anpg bnearby ol
-122 gB TWB (Iblrg bartonlc gklorbon). The8e pa-
rateler8 allow recorarg ol 8i4nak T aThe AynaTtk
range T!'bou! 8w!lcbrty !'be Tpu! atpbber gart. TT1>
8eleclable conyereton rale8 are 250 ang 1000 8atple8
per 8econg. Ka'e ol 250 8aTtple8 per 8econg 18 TlnlTtal
lor 'be §1Yen ABC Tlype. bower rale8 ol 125 ang 72.5
8aTple8 per 8econpg are po88lble by applyTtg aaablonal
Mbenng 7 !be Tlcroproce88or n8t§ low-pa88 lNThe
Tpu ke re8pon8e lMNber -w!b gecltallon. ABC clocKTa
8cbeTe ba8 a pba8e-locken loop feneralor AkTpbnep
by Preckion T Te Prolocol clock8. ClocKta 8cberte
n8e8 pul8e8 I'rot Preckton T1lTte Prolocol toaunle lo
gyncbronire ABC8. ba'a 8aTtple lorTtal! 18 32-bb
Tleper.

Tbhe pa'a logper 8ena8 tea8urepn gala T packel8 ol
100 8aTtple8 n8tp an tlernal prolocol encap8ulalen T
Ibe TCP/1P packe!. Eacb packe! ba8 a !ttTe8latp IroT
Preckton T Te Prolocol clock. Tbe pala are 8loreg T
nng bulTer8 w!b !be lena!b ol 10,000 packe!8 (tore
'ban an bowur a! 250 8aTtple8 per 8econpg) T !be on-boarg
Tetory. Tbe pa'a proce88tp cenler conbok pgala log-
per8angTow!or8 !beb 8ralebyn8ta BTP prolocol. On-
boarg arbllrary Fort generalor ba8es on 12-bb BAC
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(alpbal-ro-analog conyerler) acl3 a3 a 3ource ol be Mesl”
818nal lor 3en3or [esiing ang cabbraiion.

Bala processtg 3ol Tware acu™e8 processes ang
3lores 3e 3Tk gala 'roT 3ensors. I uses Mbe MoMowTy
proceaures:

Bala acauTiion. 8olTware collecl3 packel3 Irot
nara lopgers logelber Mo Fort a coniinuons palra
low lor eacb pala logper.

PTeproce3sTpg: 3calng. Conyeriing raw ABC
counls Fo Moaiing poTl pbysical yalues ol acceler-
aiion or yelocity.

PTeproce®Ta: /V(enng. 8olMware n3es nutber ol
LUler3 lor galerenl” purposes:

e bow-pa33 iller For STANTNA peleclor

e 8elolmarrow-bang iibers For3tale iaguency coT-
ponenl” Tonbonng

e LWab- ang low-pass3 Mbers o nl3play 81anals I'roT
3ensor3 on galacenferToniior T realite. PiilCenng
13 necessary or belTer yl3ual 31anal represenlaiion

Proce3sTg: 8TA/bTA. Belleclorol8TA/bTA eyenl3
n3es slangargprocegure wbb talylavnal paratelers
lor eacb 3ensor.

PToce$$Ta:$8Tale Mrefblency coTponen(3. 8el ol
Magvenbles (up Mo 16) are recorgen coniinuomsly.
8olware coTpares power ol 3elecles 3pecital coT-
ponenl3 agat3l bresbolas o generale eyenls.
Monblonna. 8olMware ToTror3 Mbe 3rarus ol log-
ners, “nably ol i Te 3yncbronl2allon, ang coninu-
My ol" gala Mow. 1 generales errors (alerl3) on any
neleclen Tainnciions.

bala x(orage. 8olTware 3rore3 preprocesseg fararo
a Aalsk 3lorage mnk ang Keeps an arcblyes copy 1
K A8 3lorage.

Balllbase. 8olTware reglsrers all recelyes palra,
3pecital power ol 3lngle M“wmency coTtponenrls,
ang all eyenl3 T a palabase.

3 Expentenlal 3eciion: ob3eryaiioT ol pressure
puiiainon

Obaseryaiion nelwork ol Cblrkey planl Tonllor3 nalural
napnenbles ol Tbe gaT, earlf*nakes, Nben tpacl on be
nat, ang a response ol be a1t (Anlonoyskaya el al.
2016). All operaiions are perfCortes 7 accorgance wbb
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Ibe Irapiitonal Telbop3s (8aylch el al. 1990; Kapusiian
ang YupakbT 2007). One new Muncbon ol our Toniior-
T4 3y3let 18 a geleciton ofabnorTtal Murbine pulsalr-lon8
by 3el 3Tk ob3eryaiion3 1 a retole polnl.

There 18 a agreall nutber ol pubbcallon3 geyoleg lNo
Ibe 3Mmpy ol abnorTal pukaiion ang cayiiaiion pbenoT-
ena. Mo3l'ly, Mbese are cotpuler 3Tblaiions wilb yan-
ouns leyels ol pelain Mball gescnbe paalerenl” 3fages ol a
proces3 eyoluiion (8lngbal el al. 1997; Casob el al
2005; bykoy el"al. 2014; Panoy el al. 2014, beklerey
el al. 2015). Yalues ol operaiion paratelers, al wblcb
eyenl3 ake place, 3ucb a3 waler pre3sure or elecl nc loag
recelYe be blgbesl aiteniion (Bonpgarenko el al. 1984;
Beklerey el al. 2015). Conclusions are grawn by coT-
panng 8ltulalen yalues ang real ob3eryaiions bul” laiter
ones are presenl only a3 a yaiigallon ol 'be Togel. 1n
Abeley anpg 8oloyyoya (1983), aul'bors genye Ibe 3pe-
clc raifo ol waler pressure o Murblne power Mbal” leaas
lopangeromns eyenls. On b3 ba3ls, pressure-poLler space
18 3piil Tl o rones, whbere Murblne can or cannol” operale
(an exaTple 18T Wpg. 13).

Owr Tl ere3l 18 o geiine Mbe cnlCena lor o3cllalions,
wblcb can taTtale 'be TcreasTtg n3k ol a barargouns
cayiaiion. Thbl3 18 ol blagb praciical yalue [or Iurblne
Tonionng, wblcb 18 perforteg FroT a retole potl
Wwitb yalnes ol pre3ssure ang power nol” yel” known ang,
a cayiaion alreagy belng born. 1n paper3 (Abu]a el al.
2001; Panoy el"al. 2014; beklerey el"al. 2015), aulbors
baye coTe closesl o Mbe 30luiton ol Ibl3 probleT; bow-
eyer, 'be pala presenlep 18 oblalneq by a 3ensor placeg
avnecy on 'be Murbine ang no TrorTaiion regaralng Mbe
retolCe potl 18 glyen.

3.1 Kalrural togell ng ol furblne operallon on a le3l
bencb

Pifor To oscllaiion Melpn analysl8 ol Chlrkey planl, we
perforten a 3lugy ol I'be Prancls lurblne wbb a lesl
bencb al 18C 8itoyye Masblny. Tbe alT3 ol be exper-
itenl were o 1geniilCy 8ianalures ol cayiialion pulsa-
nons, Mo conirT Mbal Mbese eyenl3 can be pgelecleq al a
plaranl potl, anpg Mo gelerTTe opiital paratelers ol
3ensors.

~e nsepn Ibe MNollowlng en”~ptenl: Irlaxlal acceler-
oTeler3 Owuralp (blMrp://www.guralp.cot/progucl s/
rn8rrutenlr8/guralp-5-8erle8) - CMO-5T (anmalop) ang
5Tb, analog rolarlon yeloclly-teler METK-03
(Apalronoy elal. 2015; 2all3ey el"al. 2015), gala loggers
ABA83 (Anlonoy3kaya el al. 2016) ('be 3aTe a3 In
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Cblrkey planX), ang C8K-24 (Oeo8l0 bXa, wro.
§eo818.cow). 8elsllic recorg8 were cotpares wiXb Xbe
relerence 81gnal ol yblraXton f18placetenX aenaor XYP-
05-0.8/200 (T Kwusslan NBIM-05-0.8/200 (bXXp:/wuwuu.
Xnlab.ruflyp05.pbp)). PnorXo Xbe expentenX, all aenaora
were placeg on a 8tale alab T orpger Xo recelye
81ltnlXaneou8 recorntn8 ol Xbe atblenX noi8e 8lanal
(N8§. 4) ang Xo en8ure "e"nep correlaXlon ol al18en8or8.

8en8or8 XYP-05-0.8/200 were aXXacben Xo Xbe 814e8
ang Xo Xbe back o' Xbe exIX plpe. AcceleroteXer8 were
placen aXpllTerenX polnX8 on Xbe Xurblne b, on Xbe 8Xang
ba8e, on Xbe lNloor mearby, ang 15 T away lrot 1X
AcceleroteXer axe8 are 1—acro88 Xbe waXer 8Xrear,
2—along 1X ang 3—yerXkab Tbe Tlortabon proylpaeg
by recorgt88 aX Xbe8e polnX8 wa8 8itMar; Xberelore,
TaokaX T Xbe Yibrabon alagno8X1c8 aX Xbe retoXe loca-
Xion 18 a ylable opXion.

Pranci8 Xurblne operaXen 7 nlne glliTerenXtopae8, boXb
Xbe opXTal (recoTTenpgen) anj non-recottenjeq
one8. pi8ure 5 conXblw Xbe 8o-calles propeller cbarac-
XewXTt 8bowTh Xbe elTXblency ol" Xurblne operaXton fe-
pengency on reaucen rey8 anpg regucepn waxXer low
yalne8 wiXb polnX8 tarblnpg Xbe8e reanne8. Kepglre8 5,
6, ang 7 are p18cussen below wiXb 81xXb one beta
opXunal. OXber Xwo 1Tply a po88ibllly lor barargoLu
caylXaXton yorXex-core Mow wiXb oppo8iXe gnecXtow ol
roXaxtori.

Bba(a proces3Tf ~e pge8crlbe bere Xbe procegure lor
proce88tp ol Xbe 81anal8 'roT 8el8Tlc 8en8or8. PrreXly,
Xbe Y18unalbl8pecXion reyeak low”nably gaXa, whblcb 18
exclugen, ang Xbe re8X18 regkXereg 7Xo a logbook. Then,

8en3or8 on Xbe 8lab:
CMO-5T w1 8rBlXlylXy 1 g (1)
ang 0.1 g (2), CMO-5TOE (3),
METE-3 (4), ang XYP-05-0.8/200

®)

we an )wX Xbe parateXer8 ol power 8pecXra calculaxXlon:
nutber olpoTX8 (F"nency re8oluxlon) ang nutber ol
wTaow8 lor 8pecXra 8uttanraxXtn (Xo gecrea8e arbl-
Xrary cotponenX gkperaon ang Xo lgenXby 8Xable peak8
Tore precke). TbecotTton yalne8 are 1024 polnX8 ang,
20 wTaow8. Power 8pecXra are Xbe T08X powerlnl Xool
Xo 8Xugy proce88e8 pnk cuB8en. Xcan be 2b pgrapb ol
power 8pecXrut yer8u8 b~unency or 3b parapb ol
8pecXra-Xetporal analy8k (8TAblI), wblch 18 a procegure
ol power 8pecXrut calcnlaXlon bl 8baTa wTaOW along
X Te axk . X "eMn™Meg, we conyerX acceleraiion 7Xo gk -
placetenX. Xnorger Xo 8eparaXe peak8, generaXeg by Xbe
bencb, F'rot Xbe peak8 XtaX onataXe aX Xbe plpe, we
coTpare 8pecXra aX Xbe X1te ol launcblng pliTerenX Ta-
cblne8 anp 8pecXra Nor X8Xrun8. Plaure 6 8bow8 accel-
eraXion power 8pecXra llor yerbcal cotponenX (2) ol Xbe
backgroung 81gnal lor gl TerenXTtoge8 ol Xbe benchb ang
axX lamncbe8 ol Xbe puTp ang Xurblne. Peak aX 36 Hr 18
agsoclaXes wiXb Xbe puTp operaXlon. Pre-lamncb 81lgnal
recorgtn8 enable Xbe correcX tgenXLllcaXton ol” XbB ang
oXber peak8. Turblne-operaXTta renTte8 were cycleg v
8erie8 wWwiXb Xbe guraXlon ol 20 T 7 eacb.

pi8ure 7 8bow8 8lanal proce88T1a reBulx8 or 8en8or8
on Xbebencb bow T4 ang aXXbe Mloor, ang Xbe pre8enXea
8TAK pla8rat8 are lor regte8 1-4. CbaracXerk Xlc
bagunency TaxTa (10 Hr anpg aboye) are prottenX T
boXb poTX8. AX Xbe Noor, boweyer, a para81Xlc 81analis
pre8enX aX 5 Hr. PurXber analy8e8 are 108X1ly wilXb Xbe
818mal Nrot Xbe bencb bow T4. Turblne ylbraXlon prop-
apaXe8 well beyons Xbe bencb 1lke 1Xpo0e8 axX Cblrkey
planX, whbere Xwurbine ylbraXlon 18 peXecXen eyen aX Xbe
naT-8lae JolnXxs.
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1 8el8tol

K§.5 Propeller charac!en8Ac8 Ior Ibe Lo paii8 o expenTen! (a, b). 5po(x T (kK NMTberx Tark Pranci8!urbTe operaiion realte8. Percen!8

8bow 'urbTe operalton el &nency

Plaure 8 coblaT8 power 8pec!ra Nor Ibe VeM*cal coT-
ponen! ol acceleroTeler on !be bencb ang allow8 coT-
panng 2b (power V8 I'reguency arapb) ang 36 (8TAbI
nlaprat) pre8enlalion. Peak8 Tarkep wab a black arrow
corre8pong 'o !be !urblne rolalton ang are well a18an-
aw8ben. ~ben aregute 8blA8 acro8s Ibe propeller cbar-
aclew'to, 'be8e peak8 ToVe !o blgber I'reguenble8. Pblk
arrow8 tark peak8 wbb Ibe Nreguency egnal lo 0.7 ol lbe
rolaltonal one. Tbe8e peak N'regunenae8 go no! 8bilMwblle
'be reanTe 18 cbanath. 8TAbI blagrat T Plg. 8 geT-
on8lrale8 a V8'ble “ )utp” I'roT a con8lan! 63guency
17e 'o ano'ber wben !'be regute cbange8. Peak Tarkepg
T !be2b fgrapbwbbap Tk arrow 18 I'reguency 8lable bu!
ni8appears 8poragtoally bl rente 4. Therelore, we n8ep

M§. 6 Acceleralton poier
8pec!ra (2 cotponen!) lor 8e"8ur'c
nolge, putp operalton, ang
mTeren'reate8 (8ee 7 Pla. 5 !be
nutber8 ang pararteler8 ol
operagon)

8pringer

bo!b !lype8 ol processing pre8entalion ang 17 A18cn8son
pkkef 'bo8e, wblcb Ww'rale !be elTec! beiter.

3.2 Monkonng ol Cblrkey byaropower plan!

Tbe pos8siblbly ol 'be VAb"a™on con!rol by 8e18T 1ic 8y8-
leT ol Cblrkey plan! 18 Nin8lraleg by Plg. 9. A local
ealibl[nake ang !be !'nrblne launcb !ake place wabT a
8boii 'ute blbl™*ak Hlgb gynaTk range ol !be 8y8ler
allows8 8eetpq bo!b eVen!8 on 8el8roarartgrecorgeq on
'be naT, a! 18 _)oT!8 wkb boara8 ang T !be 'nrblne ball,
e8peblally I' a Iblenng 18 appben. Thi8 p~oVe8 Ibal I
8el8T Ic TonaoTTh 18 coThblneg wab VAbMal™onal con-
Irol, 'be 8y8'etr nat8 !be ablbly lo 8eparale TpacK ol
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urbte Toyetenl I'roT gl8placetenl gue lNo eatl *nake
anlortakcally.

4 KewNe ani (Mucnyumt
4.1 Expentenl a! I'be e8I bencb
4.1.1 CoTpawon o/3eTor3

§18nal8 ol bol'b 8langarpg 8el8tlc ang yiirakon 8en8or8
(CMO-5T ang 1YP-05-0.8/200) bag been recorges 81-
Tnllraneowly. ante 10 8bow8 Ibe power 8peclra
(recalculaleg TFo pl8placetenl’) lor 8en8or8 INYP-05-
0.8/200 ang lor 2 coTponenl ol an acceleroTteler a!
be Top ol I'be I'urblne HA.

AcceleroTeler power 8peclra lor all 'bree coTpo-
nenl8 are 8uwlar ang berelore we 8bow only 2 coTpo-
nenl. Tbe 8peclralroT gllTeren! neyke8 are cotparable
ang parllcularlyaboye 7 Hr. 1na lower iisguency range,
nl8placeten!8 Tea8uren on be plpe are 818tMwanlly

K§. 8 Acceleralton poLuer
8peclralor2 cotponen! (a,
arapb8 8blTen yeriically) ang
8TAbI gitagrat lorre§ire 8 1-4

(b)

Tore tlrewe Mban gl8placeten 8 on 'be HA. explar
M8 by parllal gatpTg ol ylrtakow by Tacblne parl8.
Kokceably,

« peak8 a! 'be rolakon kaguency /0= 12 Hr are be
108l protTenl on acceleroteler8 recorar88

e 8peclra ol T'YP-05-0.8/200 recorg8 are pliTerenl” or
potl8 on 'be 81ae ang W Mbe back ol 'be plpe ang up
lolbe g18appearance ol peak8 al' 'be Tolallon k3auen-
cy/0(tenTe 6: plpe 8ige)

e 8peclraol accelerorteler recorg8 olfallrenTte8 con-
MlatTawlpetaxTtmnT al/1=8HTr

AccorgTa o Panoy el al. (2014),/1~ 0.7/0 18 an
TAKakon ol a 8lfwakon, wben a caykakon yorlex-core
ow can appear. 08cllakon Tagwuae rarto or/ 1ang/0
18 appToxltalely 1:2 TorrepgTe 7 ang 1:4-1:5 lorrepre8
5anpg 6.1M8 worlbnokcTtg Mal 8peclraby M'YP-05-0.8/200
conlaT 1e88 prot]nenl TaxTa. CoTpan8on ol gala by
knear (acceleroteler8 ang N'YP-05-0.8/200) ang rolrakonal
8en8or8 18 coTpkcalesn becan8e k 18 glkcuk o conyerl

&) 3pnnger



12:45:00 12:46:24 12:47:48 12:49:12
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12:52:00 12:53:24

18§.9 8el8Tlc recorgs by Cblrkey Tobllonng 8y8leT witb be Mrblne launcb ang an ear“nake

be8e 81amal8loa 8tale atenston. 8TAbI glagrar8, boww-
eVe”, enable 8ucb coTpawon I be Metporal Mow ol be
81panali8 conslgeres. Thl818 aue Morolaitonal Toion al Mbe
cabllaiion Torlex-core Fow Munenae8.

4.1.2 blenW/rcaiton o”kyiiToilynaTrcpbibaHoT

8TAbl plagraTt8 lor regte8 5, 6, ang 7 17 Plg. 11
conlar 81gnal8 Irot 8en8or8, whblcb Tea8ure accel-
eralton anpg rolalflonal o8cllalton Veloc™y near Ibe
urblne ang V~b"al™on gl8placetenl on be lurblne. A
pelallen tape 18 8bown lor cotponenl 2 ol Tbe
lalTer—rolalrton 1 a plane perpenglcular o be waler
8lreat. Accoraglng l'o 8TAN plaarat8, Linear 8en8or8
barely 18I Taw 8b operalton reate8 whblle rolfallonal
8en8or8 Tatale allTerence8 belween reglTe8 clearly.
Kolalton W”uency 18 alway8 pre8enl a8 a Ve'™cal
11e. An agablonal 11e ar 7-8 Hr appear8 T reglTe
7 anpg 18 nol pre8enl T reglTte 6, anpg cbaoiic 8pol8
appear aI bi8 bang T repglte 5. TbI8 iagnency 18
nol” 8een on 8TAN—palagrat8 ol Hnear 8en8or8 bul
8o0Te power 8urge8 are.

Coberenl-retporal analy818 (CTADbI) 18 sitMar o
8TAN; 1l calculalre8 coberence unclton ol INwo recorg8
in a 8MaTA Mmte wTgow. I case ol Mwo recorg8 T a
powl (l.e., M'wo coTponenl8 ol Ibe bree-cotponenl
8en8or), 1I'8 'be Tea8ure ol pba8e correlallon lor coT-
ponenls (Yupakbln el al. 2013). CTAbI aglagrat ol be

&) 3pnnaer

rolralronal 8en8or “eVeal8 anolber 8 nktpg [lealure—
Plg. 12.

A Twurblne wbeel rolfalre8 aronnp be ax18 3; 1l foe8
nol creale waler ckcublton T olber plane8 ang bu8

(] 5 10 15 THr 20
M. 10 Power 8peclra lor reglte8 5-7 recorgeq by 2 cotponenl”
ol CMO-5T, 'YP-05-0.8/200 al 'be 8lge (F'YP-8) ang al be back
(CYP-b) ol Tbe exk plpe
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N§. 12 CTAN blagraT8 lor
reglre8 5-7. All cotponenl 8 ol
rolrabonal 8en8or (a-c) are
pre8enl’, ang op 8cbewwe8 8boT
Thlcb rorartond are analyreq

be coberency cannol exceepn 0.5. Tbl8 18 Taeen 80
forrepTe 6 al be rolakon Muency [lor pak8 3-2
anpg 1-2. Bencb parl8 proguce noi8e, Tblcb pf18rurbs

N§. 13 8TAN blaarat (a) lor
be Mublne ball ol Cblrkey
bygroporter planl”. Kealr e 8 are
Tarken on be operaltonal cbarl
(b) ol be Mnrbre

coberency Value Tor pak 3-1. CTAN pglaarat lor
pak 1-2, reate 7, ba8 pi8ltcl kne8 al 7-8 ang
12 Hr tgkal 74 'be pre8ence ol ckcular ge8cengry

3pnnSer



rolalton8. Mo8! Hkely, !'b18 18 a cayl!allon yor!ex-core
MNow. P*e”nenc”e8 ol !be8e rolalton8 1 repte 5 are
e™nal lo !be rolalion e”nency.

All !'be8e Tlealure8 clearly geton8!rale !ba! !be rola-
Iton o8clMlalton 8en8or 18 yery elllblen! al byaroaynatlc
pukagon geleclton. btear 8en8or8, acceleroTeler8, ang
ylbraiional gkplaceten! gelec'or8 can ge'ec! 1!, oo, bu!
Ibey are 1e88 elliblen!.

4.2 Twurblne operagon Tonkonng a! Cblrkey
byaropower plan!

8TAK plagrat (Plp. 13) lor !'be acceleroteler T Ibe
lurblne ball (cotponen! 18 along !be 8!reat) ba8 gkiinc-
llye TaT rolalion sguencles/ = 3.33 Hr ang oyer-
lone8 a! 6.66 ang 9.99 Hr.

1n !be T1gaale par! ol Ibe glagrart, a cuble Tark8 an
area wWKkb eterata aguvency 2.7 Hr, wbcb 18 108!
11kely a88oblaleg wkb a cayllallon yorlex-core [low.
bwrTal yarlallon 8bows8 !ba! !'bl8 eyen! occurres whben
Ibe power raplaly aroppeg F'rot !be yalue on !be borger
(be'ween recoTTengen ang non-recoTrengen rone8)
T!o !'be non-recottengen rone. Con8ecullye raplpg el-
eyallon ol power preyenleg l'urlber geyelopten! ol !be
sllnalton ang leap !o a gkappearance ol 2.7 Hr o8cala-
non8. Thbe8e low-lMaaunency o8cllalon8 were geleclen
acro88 allpoTk on !be gat ang 8iae_)oT!8, Ibonab 1e88
protten!.

5 Concln8lon8

Tbhe pre8enles new approacb ol coTbTTa pllTerenl
Tonkonnpa Te!'boa8 18 a W8l expenence T 8ene8 ol
Tonkonng 8y8!er8 lo be T8lalles on byaropower
plan!8 T Cawnca8u8.

Expentenk congucleg on !e8! bencb proye Iba! VI-
bralton glagno8!1c8 can cotpleTten! 8eKTK TONKONMNA
ol Ibe lurblne el &blenay.

ProTp! geleciion oFbyaranHc gk!'urbance8T an exp
plpe ol a !urblne 18 po88lble.

Tbe 8y8let can gkanaukb ear!~nake eVen!8, ur-
blne launcbe8, ang olber Tolton8.

Kolalton o8clllalton 8en8or 18 a 8ub8langal a88e!,
whblcb 18 T8lalles T cowwuncgon wbb acceleroteler T
Ibe !urblne ball, can bnng !'be elEblency ol cavV™lal®on
bararg geleclton lo a new ~el.
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