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．Ih浊嗍瑚”甏nts t11e舢instabiIity a砌y幽《7re船i∞L倦Pk临咖(1rLP)tetI研iII如叩s嘲．，11le 2-D nordin．
e盯be咖啪del，w}Iich is哪de弹ing o叫pIed撕al帅d响Jlsve礴贮vibr撕。惜，is印pbed．The gov训flg eq岫如啮a陀肛
duced to mrdjne盯Hiu equati佣埽惜e 0ftlle Gale妇’s删妯0d and tlle n10d器鲫pem嗨jti∞研眦ipk．皿屺HiIl insta．
呲ty c}laned up 10 la噼耻哦m把te璐i8出ailled．An impDrIaI】t讲玳mleler肘is defilled甜ld咖be e】【pI磺髓d鹊tlle如nc．
tions 0f le岫lerlglh，tl硷platf确艇Irg；e and IlE}ave moti∞am曲tud髑．S‘m蛇e)删mple BtIldies a陀p．1d赫led fbf vari咖
训mnrf℃mal训itio鹏．The I鹊IIlts也mⅪn曲rate tllal tl】时rmIlline盯咖pb嚷bet’^n咖tl埒a菇al and恤msver即“b枷。璐
h鹪a si罢脚callt dIbct∞t}七陀sp∞船0f sm∞tu陀．h埘划s lo be伽槲dl!同fh the accumle由maIIlic analysis 0f long
T【P tet}Ier subjected t0 t}地c(HnbiIled pIa凼舢吼I嘴e and}lt强ve rI，otio略．

脚吣：删泓嘶；胛删廊渤衲；‰溉坛％枷(耻)；妇

In recent yea璐，山e pmducti∞锄d con鲫mption of oil卸d otIler petmle哪p础cts have be∞
rapidly increasing，which h鹊led to the scal℃i哆《e鹅ily retrieved oil．As a Iesult，甜pmduce璐am

motiVated to伊tD deeper 0cean to deVel叩0il跚ld汕er resoum鹧．Thi8 inter瞄t in deep water“Ⅱing
}las led to tlle in·d印th咖dy锄d analysis 0f deep啪ter stnJctu麟．，鲫ch鹅tIle Tb璐ion Leg Platfb硼

(rⅡP)鹅shown iIl Fig．1．1k tether is伽e 0f dhe pivatal眦棚be瑙0f 7IIP，beiIlg p陀·te隅ioned to

avoid going sLack due to谢atio鹏irI the extreme 00咖en、，imnment．hl the p鹪t，the d)rrIanlic bE!hav-
ior of slender c)，lin曲cal stnJctu陀w鹕exteIlsively inve吼igated(‰l锄d Seyed，1995)．}t狮and Be—
11aroya(2000a，2000b)s砌ied dle∞upkd a蒯and tmsverse讪瞰io璐0f a TLP tether，derived
nonlinear c0Iupled e(Iuations of motion蚰d obtained t}le岛∞and f．oroed regpo啮es璐ing the 6IIite diH．er-

ence appmach．They proved that t11e nonlinear咖pling bt}【：ame more signific锄t稍tIl the incre鼬ing
tetller length．Sinlilar删ions of moti∞锄d b0恤ld婶conditio璐we陀obtained by Yi舀t粕d C¨s胁
fo删(1996)，and the c伽pkd讹mti∞0f t11e oil weU幽llstrings were investi眦d by啪0f dle鹊一
嗣lmed mode nlelhod．

*1‰麟朗fch w蹈fi眦lciaIly叫ppolted by t}le NalioIlal H砷7№h肿lo彰Res唧曲a甜Developlllem PH礤帅0f CK豫
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№．1．Te璐ion kPl幽册(TLP)．

In general，tIlere are哪inly附o directioIlal souI℃es of d”枷c excitati∞s exened on the’11P
tether．The fi瑙t is Imtion induced by horizontal plmfbnIl surge motion whe瑚s tlIe second s叫11ce of dy-
删c excitation is due to cIIanges in axial temion by platfo咖heave Inotion．The 6rst and second
sou煅aIe Iespectively called a forcirIg excitation锄d a pa舢letric exci诅tion．Much res嘲Il℃h works
h鹪been carried伽t on each of tIlese excitations印plied sep锄抛ly t0’IU’tether．Je艉ry and Patel

(1982)exteIlsively leseaIched the horizon“t叩end f0陀ing exci诅tion pmbllem．Pa【el arId Witz

(1991)introduoed鸵vefal kinds of for{cing excitali∞pmbleⅡ玛of rI’IJP tetlle玛锄d risers．Hsu(1975)

firstly inVestigated pa舢etric e)【citation pmblem 0f slenderⅡ谢ne stmcture．Chaljigeo哂ou觚d
MaⅧ岫(2002)咖died tlle nonlinear d”aIllic resp毗lse in lhe tra璐verse di僦tion of veIticaJ madne
rise玛subjected to pa肿屺tric excitation at t}le t叩of the stmctuI|e，tlle dymHlic n10delincluded both
elastic and bending eⅡ＆ts，the删ytical印pIo￡曲reVealed t}lat the dy眦Illic hteral 11啊枷se was 90v·
emed by e饪＆ts耐ginated缸胁the coupling of modes irI t瑚sverse diI傥tion．ChaIjige0晒ou(2004)
co岫ide捌tIle dy眦lIlic bellaVior 0f ver￡ical slender gtmctures for唧lrine印plicatio惜under pa删netljc
exci诅tion．rnle goveming eqI】atiolls were t胀ned by咖di骼rjent n啪e—cal schemes，the first w弱im—

pl踟ented by Galerkin’s method肌d me肿)des鲫pe甲0sition埘nciple；the second method印plied
w鹳a finite diⅡbrence印pm茹mation scheme．Chaljigeorgiou and MaⅥak憾(2005)dealt witll tIle in—

temal res0啪ces嘶萄nated f疏l弘嘲metric excitation of a slender pipe conv吲ng fluid，t11e reponed
wo出f如used on a specific case study，which correspc岫ds to锄excitation f；equenc)r equal幻the double

of nle stmeture’s first lateral mtuIal触舭ncy．Kuiper以nz．(2007)conside捌nle stability of a

蚰：aight deep_water riser c0咖ected to a heaving noating pla响肌．卟ey found that a venical hann伽ic

瑚tion of t}le plad_o珊can陀suh in a lo鹪of stabili够《the riser．Sollne res朗rch work h舾b嗍inVesti一
野删龇excitati0啮b)r c伽【1bined pl舶咖su学锄dheave motions．仉硼pi肌d Nie豳ecki(1992)
眈aIIlined tIle respc肌se of a non-lin∞r删lrine riser to me砌ined麟citaIio舾using Markov fnethods．
‰l狮d Pad【(1995)investigated the conllbined a)【ial锄d traJl慨response of tethe硌of a te岫ioned
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buoyant pla怕咖using a∞mi—analytical method；the tether is modeled鹊a simply suppoIted Euler-

Bemoulli be踟under tlle action 0f tlle combined瓤ial锄d lateml fo嗍．Pad￡and Jung(2002)re．
ported that the pa聊netric excitation alters the response pattem of a long slender In撕ne stmcture，a

linear beam model w鹊taken and a finite elernent method was impleⅡ屺nted in the tin℃domain．

IIl case of a ha肺onic pa舢letric e)【citation，tlle绷plitude of the imposed motion wiU d商ne tlle

inst{王bility re舀ons obtained thIDugh the Mathieu e(Iuation．TIP tethers at low te璐io哪were studied by

Patel矾d Park(1991)，蛐d the Mathieu stabili够charts were derived at Ia学p啪mete玛for 7rLP．It

w蹈concluded that the me舭teIlsion in the te山e惜could be decreased to increa∞the payload over nle

oonventional des和of TLP by use of the Mathieu stab撕c}larts．wang锄d zou(2006)intmduce【l
hydmdy眦rnjc鹪pects of in-place r11P tether desi卵锄alysis稍tll哪phas髓∞11J huu／tether／riser

co叩led dyn砌ic analysis锄d studied the tether Ma“印instabil时．办ang甜以．(2002)in、侵ti斟ed
TI．P tether Mathieu’s instabili何under pa瑚metric excitati∞．After sul)stituting b叫ndary conditions

舶d including hydIDdyTlaⅡlic darIlping，a be咖equation(tether model)Ilad been re【．ast int0 a geneml

Mathieu’s equation．It de咖l鹏tmted the inlp毗卸ce 0f t}le daITIping帅suppressing Mathieu’s i鹏ta【bil一

畸．Ch卸drasek蝴l以矗．(2006)p啪ented t}le dyTlaⅡlic a蒯ysis of tethe璐觚d‘11JPs删1sid面ng the
lineady varying tension along the tet}ler kngth．The modal删ysis co啮idered a Iine盯cable e【Iuation
f．or tetherⅡ姒kling subjected to小e te舾ion varying along its length，彻d a Ma￡}lieu stabi“哆8nalysis

w鹊tIlen pe而珊ed for n庙of di艉I】ent sh印髓and di髓rem water d印th．h can be seen that inc瑚sed

tether tensi∞not only leaded to a stable platfo哪but also impIDved the stabilit)r due to tIle increased

hydl划y瑚IIlic l∞d contributing t0 t}le added腿ss．
IIl case that t}le轴bject 0f investigation is the删pled a)【ial arId㈣erse Vib眦i蚰s 0f a 7I叩

tether，the instability regio鹏访U be calculated iII te肿s of the Hill’s e(I岫tion．The眦iIl aim 0f this

耻巾er is to obtain tIle HiU imtabilit)，chalned up to the large pImmeters鲫d inVestigate rIo【llin朗r dy·

瑚Imic fesponse of tether in di日'erem irIstabilit)r re百oIls．

卟is pa_per is stmcturIed鹪folloWs．Brief description 0f t}le nonlinear stmctuImⅡ州el is百V蛐in
the眦)【t sectioll．hI Section 3，岫Hiu instabil时chan is investiga矧b)，咖ployillg HiU’8 inlinile de-

temli咖t and ha册的Ilic balance method．Then，$0《ne e)【枷ple studies are peIfomled in di珏．erent i鹏ta-
bili哆Ie舀。璐in&贮ti硼4。Finally，conclusio陋a11e dI踟based册t}le pre∞nted results in tlIe l鹊t
sf，cti咖．

2．N0讪玳盯C0upled Equ鲥。璐of 1’eⅡ盯vibr-嘶蚰

The s协lcturle oscillat鹤in botll directio鸺of tlle reference pI舳e due t0 the extemally iITlposed r∞。

ti伽s．Fig．2 sho惦t}le idealized co娟gufati伽咖der吐le combined e】‘cilati伽彻d矛嘲t}le notali叩

being used．For convenience the雒＆ts 0f to璐ion鲫d mtati鲫am珊暑kted，出e 90veming eqL呲io鹏

desc曲ing the coupled axial帅d nansverse啪tio璐0f肿tether a他俩tt朗龋foll0_ws(}IaIl锄d Be·
唧，2000a，2000b)：

雄一(朋(Ⅱ’+吉∥))=五； (1)
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№．2．MⅨlel st删m c砌酬ion and
noIati叩．

(2)

It is noted that tlle priIlle notati∞is used f曲t}Ie derivative诵tIl respect to茗，and dot no诅lion

诵th陀spect to t，whe陀ID is the tether de鹏it)r，A t11e unstretched cross-sectional area，层the modu—

l璐0f如￡ic毋，跚d，the u璐t形tched m瞰瑚￡of ineltia，Ⅱis the displa‘笼ment of把tller in舅difec．
ti∞觚d t，is in，，di∞cti∞，正is the甑temal foI-cing mncti∞in菇direction觚d五is in y direction．

Wim inclusi∞of秘沥ty肌d buoyallcy in‰equation，五caIl be writkm鹤：

工=IDfAfg一一g． (3)

The tether is co啮idered to be con叩letely如删璐ed in tIle absence of cu玳nt and waves，the tIa璐ven弓e
fbrce is f0肿ula矧by M嘶son’s equati伽(Chafji鲫哂伽锄d MaⅥfal(∞，2002，2005)：

矗：一c腑Af荔一吉c。卯。十I． (4)

w}le陀，Do is the u惜t瞅ched di删ter；IDf，山e de惜毋“t}le鲫n加nding nuid；g，the gravitational
卸ce!lerati佣；Af，tlle cro褐-secti伽0f the displaoed vdur鹏；CA，the added mass coefficient；cD，t}le

d弼coe蛎cien￡．

A娜mling b0心ends of tlle stmctu陀is hinged，tIIe motio璐of the lower joim and t}le bending啪·
nlents at botII ends should be equal to z哪．The fo】f唧iIlg requiren配nts are expr鹤sed∞fdlows：

H(0，t)=0，口(0，t)=0，E矽(O，t)=O，E∥(￡，￡)：0． (5)

The motio啮at山e t叩aIe幽sllmed to be specific如ncti∞s of tin圮，th岫

“(￡，￡)=“。(f)+Ho； (6)

∥(￡，t)=l'。(f)， (7)

whe弛Ⅱo is t11e pre-el喇ion of tether due to the p11e·te璐i咖provided by platf妇buoyancy，a consti．
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tutive te璐ion—stmin rel习畸on uo 2ⅣoL／(尉)h嬲to be added，which in t|le胛esIent contdbuti佣is鹊·

吼Imed to be a linear∞e．Note that％is the p陀一tension of te山er，￡is the撕百nal kngt}I．“a(t)

粕d毫，a(t)denote the irnposed e)【tenlal麟citatio啮in the商aJ and昀Jlsven圯directi蚰at the tetherup．

per end．The iIIitial position 0f tIle t叩end is set t0 be al the rIIidpoint 0f tIle鲫rge motion鲫d in tIle

hi曲髓t positi∞0f heave lIloti伽．In additi伽，tIle t叩end IDtates in tlIe clock诵se direction b)r tIle

wave·induced鲫d．ace pLad．o肌motion．Theref．oIe，Ha(t)锄d秽a(t)啪be w而tten鹪：
H。(￡)=U。cos以， (8)

tI。(t)=KsinccJt， (9)

where U。is t}le plaⅡb肌heaVe motion跗lplitude，屹is tlle platfo肿surge moti∞anlplitIlde，mld∞is

tIIe angular fiequenIcy of t11e t叩end啪tion，which is the same鹊wave f却即cy．
111e panial di珏蕊ntial Eqs．(1)锄d(2)are舣Iuced t0 ordinary nonline盯di脆嗍tial删i吣

by appl)五ng the Galed【in’s r11ethod and the nHles supeq)0sition埘nciple(ChatjigeD哂伽，2004)；tlle
∞luti伽of唧kn删璐u锄d"can be ex硼嘟ed by：

Ⅱ(川)=M知)詈+嵩+事u心)sin半； (10)

秽(川)=移。(f)手+∑％(t)sin半， (11)

where“n(f)is the锄plitIlde 0f n·tll o珂er iIl a】【ial directi蚰锄d‰(t)is in tra惜ver∞diIⅨ溉on．

IIltroducing l‘(并，f)and t，(茗，￡)‰Eqs．(10)and(11)iIlto the system 0f Eqs．(1)锄d
(2)and utilizing the onhogonali哆陀htion of H划es，nmltiplyillg t}l砌】g}l叫t by sin(，17c茗／￡)龃d inte-

gratillg m，er tlle length 0f tIle te山er，t}Ie g【lveming e【matio嘴are tr：啪觚Drmed into蛐i11finite set 0f non—

line盯diff每陀ntial e(舯ti叩s诵th陀spect to tIle time d叩endem generalized谢abl瞄‰(t)柚d移。(‘)．

讯t)+等(警)2H撕)+等(警)2号$撕)+(一妒“去；；a(t)
。‘

=【l一(一州熹(IDfAfg-心)； (12)

。，、盯(詈)4+戤(掣+篱)(警)2+寻鲋(警)2(掣)2，、％【‘，+————————万■百瓦——————一％【”

+群u。。。，+。一。，。+．熹荔。。。，
=一而掣‰删岫半批 m，

Q=以(t)手+∑五(t)sin半． (14)

since tlle intemal resonano皓wIlich illVol、re the妇ic eigerIfiequenci妫obtain固缸emely hi曲Val—
u鹤beca啪t}le n钒lIal ri西d畸尉is oonside出ly hi曲er tIl肌岫bend嘛sti缶l嘲日，it is s疵to
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igno陀nle a】【ial vibration，and dle in懈tigati伽稍U be restric训to dle咖verse咖tion 0rdy(Chatji-
geo哂伽绷d MaⅥ酞∞，2002)．h is洲nient to intlDduce a dilnensiordess time V积able，r，such
t}Ia：t：

2r：⋯‰孥：譬孥． (15)

s出tinl6rIg Eq．(15)into Eq．(13)百ves nle final eqllation：

参“艿一㈩】”c小¨in半d并=(_1)“缸(九 (·6)

where

CD』DfDo
c 2瓦万赢瓣；
r(r)=cos(2r)一肘cos(4r)5

肘：号盖．
A鹪uIIIing』、r’=烈U。／￡，Ⅳ。being the tiⅡle-varying a)【ial fbnce鲫plitude，then

4尉(警)2以口磊面i丽2 4(竿)2JIv。厶

(E’2(一+CA』DfAf)’

(17)

(18)

(19)

(20)

(21)

Eq．(16)is the舯nline跗HiU eq旧tion，It is棚tht，in case of a ha硼oIlic paraInetric戗ci诅tion，
or伽bined fbrcing锄d畔tric excitation丽山linear be锄fIlodel，肘：O．Th肌the∞nlinear Hiu
equation beo讲n鹤Mathi伽equati帆，which c锄be writt肌鼬：

台+(艿’+ec。s2r)移。+c脉lQlsin半d菇=(-1)4羔沁) (22)

where

3．m妇bm锣a删№0f11iU EIl岫咖n

(23)

hl a曲1al conditio噼in de叩s船，艿锄d￡Inay be not觚l；lll paE哦科e玛，山耐bre，me perturba。
ti邮呲蚓caIl not be ad刚ed．IIl t}Iis paper，岫HiⅡin舶ilit)r cllan is gained by use ofk HiU’s
i曲mte deteⅡTIi瑚m锄d ha肋onic balance rnetllod(K00，2003；Si咖khi岫，2003)．rrhe删cal
fo珊of山e“Il equ砒io啮tal(鹤its fo眦b)，excluding me nofIlinear darIlpillg te肌of Eq．(16)：

参小一(r)h-o． (24)

It is l【rI讲^rIl tIlal when艿in Eq．(24)belongs t0 a cenain oountable set 0f cha脚矧stic Valu鹤，

峙一塑上
烈一，三'寸|舭～瓦笔丛上口一4一铲

严一噔矿％|喜+一Cr一+丛上一肼一
4一铲

：艿
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Eq．(24)is鼢tisfied by one 0f nle follo而Ilg耐0凼c∞luti∞s(Patel明d Parl【，1991)：

秽。(r)=乏二口2。cos2，lr (Even solution of period，r)
B=O

移。(r)=乏二口2。+Icos(2，l+1)f (Even solution of period 27r)
B=O

％(r)= (Odd solution of period 7f)

％(r)=乏二62。+lsin(2，l+1)r (odd solution o‘period 2丌)
n=0

(25)

(26)

(27)

(28)

substituting Eqs．(25)一(28)into Eq．(24)粕d the coemci肌ts ofcos(2盯)，cos(2，l+1)r，

sin(2盯)，sin(2n+1)r a弛equaled to姗for儿=0，l，2⋯，th朗I优峨noe relatio啮are 0b．
tained．Wit}l s伽fle manip山tion，tIlese recⅢrence出ions ean be固甲ressed into iIlfillite and tenninal-
ed c伽tinued fiactions．
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1he first important Tesult obtained fhn the c∞ducted analysis is the HiU ins切bility r】嚼ons l矗

tIIe咖pled戢ial趾d附靴rse vibmti伽of a唧tether．Only a finite n出r of terIIls in Eqs．(25)
．(28)is taken，鲫d n is船t to be 10．Fig．3 d咖吣tmles the first five i璐tabil畸fegions obtained
th姒lgII Eq．(24)研tll M=0，肘=0．1085，锄d肘=0．3014，for nle tedler p叩rti鹧lis矧in
Table 1．

Tabk l Val峨0f nle syst咖pa|铷1etl哺u8ed in calculatio啮(Pald aIld I砒，1995)

Le噼h(m)300 0Ilter dianleI盯(m) 0．812

Dry l懈(W矗) 726．3 Added m髑c础ciem 1．O

nexural Iigi(1ity(Nn】2) 14．57×l伊Axial rigidity(N) 1．88×lolo

lnn盱diarIleter(m) 0．762 DR唔coe伍ciem 0．g

Surge鲫plitude(m) 3．O Top te舾ion(N) 13．O×l(户
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Acc0础119 to Fig．3，it see瞄th砒higIler．ofder n晒。鹏of instabil畸are啪孢跎Ilsitive to M than

lower-oI’der ones．Increasing肘value，the first觚d second instability re西ons‰le a litne mmU’佗r．
And the山iId，㈨锄d fiful instab崎赠。璐become bmader．刖l the i鹏tab嘶re西咖are dis．
placed towa珂s t}le left ofⅡ1e figure．Fig．3(a)sho懈t}le i鹏tabili哆chan of Hiu equation(24)when

肘=O，which is als0 caJled岫M柚ieu i璐tabil毋chan or岫Ince-StIlltt chaJt．It is clear thal me

im拓崎l毋0fa tether is not omy relaIed t0 the pla怕肌heave Inoti∞，but als0 mi曲t be caused by tIIe

platfo肌surlp moti蚰．

s(H11e case studies a托ca而ed out to甜dyze tIle d、manIie Iesponse characteristics in di饪b陀nt iIl。

stabili哆regions．The tether is exci州by the c伽1bined platf确l sur伊and heave motion，and it is
modeled鹅a linear bt釉and a nordinear k锄n respectively．Input挑f打case studies are listed in
1曲le l，which is the鲫ne鹊岫Ijeference presented by Patel and Park(1995)．卟e mtio of tiIlle—

varying麟ial R疵e踟plitude to p陀tensionⅣ。／Ⅳo is set to be 1．O，∞co耐illg to wIlich the pla怕肌
h哪e瑚tion amplitude can be 0btained．Tw0 di脆rem膨训u鹤0fO卸d 0．1085 are chosen for case
studies．The relation beh唧irIstabilit!Ir陀gion nllmber and excited periods is shown in Tabk 2．First．
1y，the resul协obtained by linear and nordinear model are compa陀d诵th each 0ther in tlle帅-damped

case．Then岫e任＆t of d砌ping is inv铭ti倒硝．OIlly the 1e础ng R眦Imd鹤a陀adop州for the

tIansverse n0柑inear“bmti∞analysis of t}Ie tether，k池眦se tlle leading four modes can not only sim·

pli够the伽putation but are aJso锄adequate印p蒯H磁ti叩．
Ta№2 Relati(，Il 0f i璐t幽l时咧肌舢n腑“excited periods

Fig．4 sh0’vs the联pon舶眦卿itudes at IIlid-point of山e b讪er．The conesponding results IIave

been obtajned丽t11 CD=O．A5surlling the period of pla幽胁咖tion is lirnited in the娜ge of 6—30
seconds，so we did not calculate the dymlllics response in the first觚d the second instabil畸Ie舀。啮

he陀in．A嗍paIison is 111ade between the删1ts obtained by nonlirlear be啪Ⅱ10del飘d those ob-
tained by linear one，which is the鲫m鹳Patel's Il划el(Patel锄d Park，1995)．It咖be se∞岫
tIle d)，I枷c Iespon舱r瞄ults are unstable in the iIlstabili哆re舀ons by use 0f nonline盯model，while the
踟lts obtained bv Patel’s model(Patel and Pa^，1995)眦哦曲e．1k Ieas∞is t‰，if‰c叫．
pled a)【ial and雠吣Ⅳer∞、，ib强tions 0f the tether a地comidered，tIle iIlstabili哆re百。啮of Hill eqLlation

(16)and nle Mat}lieu eq岫tion(22)are di脆rent．It caIl be cleady obsen，ed in T弘le 2锄d F'ig．3，

indicating that the interaction between a)【ial and tra惜verse is significaflt．
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F毡．4．T}忙r鹊pc嘻l瞬ma时ud∞址the商d-poillt 0f tl埒tet}唧·抽diH．e唧n抽st小i“ty regi蛐，Wit}l叫l娜ng．
(a)|jlf=O，艿。=8．3，(b)肘=O．1085，艿=9．2，(c)肘=O，艿。=15，(d)肘=O．1085，艿=

16．6，(e)肼=O，艿‘=27，(f)肘=O．1085．艿=29．9．

While comtmcting the Hill ingtabilit)r chan粕d calcuhting the tether dyna商c res炉nse in di能r-

em instabi“t)r regions，the娜ing te瑚is not咖sideI℃d．IIl陀ali哆，t}le non“ne盯h)drlod)maIllic
d帅ping plays锄important mle iIl lirniting tether oscillations．111is f曲tu陀is studied below．Fig．5

^昌．售。骞8BIds—Q

^暑v葛ug蝥IdsIQ^暑一售Q目§Id∞一口

^昌-瞢Q吕。譬In∞一Q

万方数据



爿U矸锄一^耐d以．／GKM 0融m勘gile酬昭．22(4)，20∞，533—546

plots the Iesponse眦gniludes at the mid—point of the tether including the eH＆t of d砌ping．h is noted

that even if a tether is in锄uns讪le condition，the response诵ll be stable and the锄1plitude诵ll be

1imited．
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The above r瞄ults show that the dynamic resp(mse p剐icted by nonlinear model is di疗bI_ent f南m
tllat of line盯beaHl model，and it is more Iealistic t11an linear be枷mDdel f．or accu阿te dy删c趴alysis
of 1IP tetIler subjec刚to the coInbined ph怕咖su睁锄d heave啪tions．

5．(h∞l吣io璐

，Ihe扑alysis p瞅沱nbed in t}lis paper defTlomtmte t}le si舯ifi咖t硎&ts of t}le nonline盯couplillg
bet、veen the axial and t瑚_nsVer!se Vibmtio惜of TLP tether．h is not‰quendy consideI嗣in oonvention-

al desi印stud斌，if the nofllinear be锄modelis Ilsed．111e goveming equali伽of the tether is not

Malhieu equati伽卸ynlo陀，it becomes HiU equati伽．The Hill stabili哆chaned叩to la唱e pa跚ete傅
is obt曲矧by t}le HiⅡ’s in6njte de盼，Ilinanl粕d h籼nic蹦ance nlethod，which is d娟nj￡ely di舱r．
ent h咖Ince．Stmtt chan when肘h嬲a la呼州ue．111e HiU inst出lity chan prescribed in this paper
sh砌d be used to guide tIle des咖wol4【ofrnP tet}ler．111e c蹴stud洒pmve the si印ificance of咖-
sidedng noIdinear coupliIlg伽ce nDre。

However，s伽ne ass啪pti伽s are made f．or the siIIlpli6cati帆in aboVe iIlvestigation，山璐mnher
work needs to be ca而ed out to i印ore ttlese罄suHIpti∞s，鲫ch硇tlle considerati伽0f coupling bemeen

幽舶咖and tetIler dyn觚lics．1he sludy is not lilIlited only iII 2D gpace锄yrnore．
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