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| mprovenent of Power Qutput in Hydraulic Systens
Description The present invention relates to the

w0 pasaaded4 of power output in hydraulic punps aPdI/EP2008/055988

notors, achieved by the use of hydraulic fluids with

hi gh viscosity index. Use of -guch fluids can increase

t he power output of the system w thout any

NN @NDOME@BeDQab@N@mER'A%%eUW GERMS PATHERE OF DATA,
designed to transmt energy and apply large forces

with a hNghYaégeee BEST| @RIPERNt PFapdTaonANDl TEST INS
desira t
i npu
source into usabl e work. Fydraullc pomer can be used

to create rotary or linear notion, or to store energy

for f%@r@%@@t nlra\neraiéjecempret@res Hyerappatatyst apg methods

C tab
(ﬁig%ggggﬁtra é% aﬁgérgé ric%ﬁgofgiHéh%nkgg
S/tSit TS . oﬂrdqnﬁmwaﬂd t@@ﬁfm¢la &ysh esBoBs@er @1 $abhedium
%ﬂéj ci ent, nd cost effective, leading to their w de
9 & HeEd cﬂE&??d@eﬁ%rld The fluid power industry

is constantly inproving the cost effectiveness of
hydraul i ¢ systens by enpl oyi ng new nechani ca
conporrerﬂxdocaiﬁdnerm%r i e memtstimemomnvmebatend

man ther ui n be utilized to pr act

AL B e RS B e K bl by "R (74§ Common1y
]«f;‘rmmf ess etk imsecaldsedheondgidael c Wwldct £ 8o8l tedPenachines
resultlnq:pressure t hr oughout t he system undi m ni shed

1r1§94n%ﬁ%4§ﬁ|WﬁE? Bravld v e impedohogiigeart as
[ S [ t cost
02 oA S 0 A Bl e e
merﬁqmrmm'm o ttrhmoramrousermmm&smasof erisdlooatrlves, for

cat of flu ower _t at eri en
S At a0 | P AP L LE0 55 i Luated and

dﬁtsﬁtﬁ%éd/ grladﬂefts‘lrwvascdnﬁndrhecdwarmr @l P Oefands in the
viscosity grade fluids in the sunmer. Sone hydraulic

friadidi fard ol vea st faC AN A th el %\aschnmrostacytured
V. .Q (o} e

YR ”%ﬁéhe%tds % G At e e M g @ aisk

dxandi turdres, (" HV' grade oils). PAVA addltlves are not

known to offer any ot her perfornmance benefits. E. g.,

t he docunent WO 2005 10853 1 describes the use of

hydr auldyg, ifdti ds GRS R RANS addiddMes. dﬂ\%rgesfp hfaie

reduce the tenpérature increase of a hydraulic fl d’

amaériakorek disdd. td—ldwemst@h darpriy ementted tand egarrd and a

e BB s TR AR S St s

dsthases addmald Qﬂza|tefsltié<ﬂ hal\h@%ﬂﬁls!dﬁrﬁi vesb fddmprises
resi stance. The fluid can be used in hydraulic

& ypoRiartandwerso vy dsdiarerihe ot of thidydie head

10 ut (o} qut t Y ﬁﬁgb ui
ﬁghléel\%m}r%lg hi g% %ms/g{r%gl}%pﬁ%éltﬁ@aﬁy%?au e S'g)ysli errstdcf sthat
gy caltay cachibey ed inteseltectdny meddariyem pingp,disrk byith the

ot her har dwar e constructlon | \r venents of the unit
“ﬁagk/i di‘”ﬁ’g?nn&?@ﬁ’éarﬂc ndsydiedead is

FHARY QJos iITUGh RN AR %acd}do?c l&yaiﬂé/ ﬁ@i@%&t@dcé@tt NMata is
hi gher energ y consunption and increased cost.

wrjtitear teo t@@jcéfot iThet n@sm@ﬂen@ntsmsqq@n@yumad

ccordi r th S8 Qpj ects are
S0 e 5 Ml o i, BRI B e s e

e raigsmﬂraezqab\w Lhidoweseat ., smtioamomdmete‘ewuﬂide)t which

connected w th higher energy consunption and in

creased cost, and is often constrai ned by space or

weight limtations. Taking into consideration the

prior art, it is an object of this invention to

provi de hydraulic systens having increased power

output |n order to faC|I|tate |ncreased mork Ioads and
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an i nprovenent in volume output. Additionally, a

hydraulic systemusing a hydraulic fluid having a Vi
wobooati4doeast 130 shows an i nprovenent of the pP@EEP2008/055988

drop, especially at a high |oad of the unit providing

mechani cal work. Therefore, the constancy of the power

output is inproved by the use of the present

Iy i_On. Y} ' | i e n

o S A e o s he) Havorall aracietjed and

easited rbge sthreerdp jpatdratk alilevindg tlse abeof possndd eahd

esi gn a .hydrauli stemutili zi a high, viscosit
R SO 11 U (A GPerda st G be| hess Cieatea
UHRSS W il aMelgorRid: [a8Ner atiesuAM AW Vabehlc & ost s ohi1ar
hydraul ic power output with |ower punp input energy. A
psipstasa intatarmparadtues it dueterdent ds® ear gy | duthavlee various
| onger._ ¢ onent life (sea ses ar_surfaces
tﬁS{J]f‘%d ,erandr Hv% 1% etshu? t§p|1nﬁ$t0%r£<$, f‘?r%ﬁl \éF%paer%a:lj;¥%% and
diesernatiiee mebym dediradd intadd whikoftHdespiesentd.

invention exhibits good resistance to oxidation and is |
Aﬁ@%ﬁ%ﬁ§Q%}XMN%F§& &l Rﬁﬁﬁ%ﬁ%ﬁfq§¥%ﬁ%ﬁﬁﬁﬁﬁﬁ% ¢hgpctronics,
o Iy et WrReQRidy atrheoéb’idfﬁ%ddioé ':ﬁa)g 14 JSJ_r@vided for
présent 1 nventi'on can be adjusted over a broad range.
aharlysemmreed thedhadriad ithd Indasimdmartiss pradentith the
inventi are ropriate for. hi pressure
SFOFER ond (@ Paryd B T00°h 6 FIC HES berpfenducted,
imydrradlee fdruieden@fl d e s diny estdan shaw esER)

m ni mal change in viscosity in-service due to good
baprddiubst o hnacky SONRHZS ofdlagk A iepriRahitits offset,
Ruer..qut puf. and system productivity can be achieved

wi t hout” Constructional changes of the hydraulic

system Consequently, the power output of both new and

ol d hydraulic_systens caqgﬁe i nproved at very, | ow
cost . &G SO G Fust FAuISSHII d 4w to

fdtacarRat i1k e e thedd A NG 1@l AP 1 dTefeli al s
used in seals, bladders, and hoses nmking them

hilgirddi @cstuyr agec apttal] 6 f msussld v vsed std mptatdugthre adpindle
h aul L c St .. The hydrauylic.fluid used according
atr%i the rﬁr é’sztn © gr?isé{ntaitgcﬁ %‘aes?a % oviccsl'lceosslp(lflqslnedex of at
Ne®astthE3@sspr efer alltpratsgeRastcaltb@nlipnie: pefefables alo
| east 180 and nost preferably at |east 200. According
WiEha Tp Pe CELTEd Fe HYJALRERE o fF HWHED ettt q mpifs isied

t ,3COSt ¥ iS5 A Qe t 0,
f%§?§“€§3%35a§FyQ%%§ﬁﬁ??ﬁ%ﬁiﬁ%e V|scg§%?§Q?n éﬁgcaﬁﬁﬁg
fdetcenritnedsaceoisd et ¢eASTMalD a2 DAt eline s dbeactiGridinged

to. th resent invention provides.an inpravenent of .
DO B CRITIUEROE TS hyd 401G GG P STl Sy PR, 50
reBOVRE cCRUIERN' tIRARS skNer GhddTaldlie 2% tadys daPicGRldey

measured and quantified as output torque froma rotary

ShyEiL&dICiea triprel lisiish ¢ins ®sEier gink itegwet tgiere high

ref.er.abl f.l yid of the present invention is
pgfﬁégﬁﬁgexan%%Eﬁéggﬁng t he power output of the
hydraulic system by at |east 3% nore preferably at

| east 5 % and nore preferably at | east 10% conpared

to t RECPEREPIoGCpdt TaF S SPERsh @& fdea BFsGgtad@vention,
epdeayls g rbhdigdanay @ nd dVl fOly el i 10 ORYAL NG (Arn of

the sane pressure and tenperature with'identica
datehdani dal wrdwsen moue Pedm shheoreasg e sér meldgct ifor

motor. Therefore, _equal anmounts of .en.er ar e,

o atifed P O e LaREF Loy, RORBISre THE Sy stem
desicld ihige thivgh udl ibhngi d nwithle pHeddce Mt stsall &f the

out put power in an equal period of time. According to

a preferred enbodi nent of the present invention, the

volunme output is in creased. Preferably, the fluid of

the present invention is effective in increasing the

vol unme output of the hydraulic systemby at |east 3%

nore preferably at least 5 % and nore pref erably at

oy A NN o N a . o oy
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of the power output, the systemcan be used at the
power limts of the unit creating ne chanical energy.
wab@sainmne, a defined work can be done w t hi n BCHEP200&055988
time without the need of constructional changes of the
system Preferably, the enging-speed of a unit
provi di ng nechani cal energy is maintained at a
Qﬁ§t%ﬁbdﬁ3fh§“31ﬂéﬁéf@ﬁ%éﬂBﬂkﬂk\gﬂéhé¥11ﬂ"HéEB¥thce with
I'evel “of hydraulic power. According to a preferred
seviisb di Iverituadfiarise gor eserito |bwaﬁnqirrort1kfeed1yfd1r@ul ihe
sten1ca de ned t operate .at _a lo ressure
&L(_)' e Ra hbcglemﬂsﬁqi paovvefr e e‘_Tmaqf entt%o e of
Feld \uerle@ s i e RIreinee saasicﬁms&@m aa Ny rigih i reg
fluid with a VI of 100. The person skilled inthe art
refereasi9-y perform such design changes. E.g., in an
excavator the shovel can be changed. By using a | owner
pressure, the lifetinme and the service intervals of
t he Mmlddwasygstaemecfan’dm:é rramke ¢k dignadn ta‘satton]ishi ng

manner .. .Acc rdlng referre od t he

BT SRR gh o T [ Gy G arpad Using this
&@@%@%@@dﬂﬁé&@&ﬁ@ﬂidﬁd&%rﬂdQQf&%@@%H&

power output to power input, such that the rati o of
g@@ﬁerrat@tapme/sco\mtuammthaé Fastardls i @rlewesd W at
fll%%%tu % on@orgl I:f:rheef 4 tYlo%t lfe %‘Cf} %1%’]{0%&{ etq’l hen the
that I Vére a reference systemusing a hydr Qe
tidsuti hawitddima i wzfltml thhehd stiedd,t Vi tofid fpatyidilaut i
fluid of the present invention can be adapted with in

SRrFEStangel #EEHENFA SN SYERGS Sferftte Gishe This
m'é)é‘ijl aL&'Ha R/ SO FPHE 8l Hacd FRYVEnkD s 129%1a132

8, 100, 150 fluid grades can be achi eved, "e.qg.
Ohmehemﬁbhylﬂh®daauﬂnuan:nﬁpﬁaaEHQﬁuﬂmm:qﬁxﬂh&hqn}gxnal
t 45 of Hhe range of 15 m2/s to 150 M/ s,
6? QF ﬁé%ﬁ§ito 110 m®2/s. For the use
according to the present invention, preferred
hydraulic fluids are NFPA (N a tlonal Fl ui d Power
Ass0EI0at iSRSt Myedde of Iteisds freqyengdubise wrirtiiare to a

t _yi.d E
B A S A e R e R TNE R
firegerealcyoiale tavad/lgr presymtthetl cheai IdisM nerldl vaidys ta:r &some

subst anti al | y_known and commer Ci vai | abl e. ey
B3 4 Sges RSB A Red TR et R LRUFEH | by

fHeSfudnlat kan 1ard/sQy Heefs'p&‘e%gi an¢aeRtionay |Dbs<%ddjﬁ 'a%'&‘iracy
purification and processing net hods, especially t
imi gleesuraind vdef sdemiagns @romera@u, ch;lhleetarsmemmof the
|| _under the con t of .m 0|I ener
B S O SRn o 8 thcly  MEREL P oo
al@k:@irﬁfo@ll@lt)é tw@werottalta@n&aotée,roat o':'fO&@leDahisr emafeats}:@,n

% | ow tem perature distillation of shale oil, coking

g lﬁ@k&h@bmrlQ%%&|ﬂq%%He§ﬁybPa¢F§ﬁF&éwﬁﬁdépﬁ§%ﬂ¥k¥(99rreCt

O?lf @l d%%k"‘%'o' £33 Ny O%Q%ta'lo%%fd Rk 9 Yhe disk will
[Tgnite is kew se possible. To a small extent

ha deealsmﬂeadareT@hsonﬁﬁaﬁuceatfdmhacﬂwmmat@e direafency in

antg%ek%}%n f.or e&ﬁ F&O%g%g F&gggsggﬁ %canol%%y power

mﬁ?l@”@ee mloatle! @,\l\i_a 1@’9%nfc%@1ttr@|t|e)d afoR@r &iheg |c)brrf@_d%ef al
oils exhibit different amounts of aromatic, cyclic,

fesneney and Iliessasompdcocar bons, in each case
according to origin. In general, one distinguishes

par af fi n- base, naphthenic and aromatic fractions in
crude oil or mneral oil, where the term paraffin-base
fraction stands for |onger-chain or highly branched

I soal kanes and napht henic fraction stands for
cycl oal kanes. Mreover, mneral oils, in each case
according to origin and processing, exhibit different
fractions of n-al kanes, isoal kanes with a | ow degree
of branchlng, SO caIIed nDnonethyI branched parafflns

o o, oy
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An anal ysis of especially preferred mneral oils,
whi ch was done with traditional nethods such as urea

walewaniaog4 and | i qui d chromat ography on silica PEI/EP2008/055988

shows, for exanple, the fo I | ow ng conponents, where
the percentages refer to the-gotal weight of the
relevant mneral oil: n-al kanes with about 18-31 C
at o Qi de % rd PV AGhad: al ﬁ??é'esgté‘%tcg‘f @e@’éctgng the
at ons: -8.0% aromatic conpounds W th 14-32
feiﬂm’r:slatamacr:dn%russ&:s ardﬁtcﬁ;ﬁtttm kcarxelsumlhtszooezn@ks
t ns; .6Q. 7-82. 4% I CoMpo O 1-0.8% J]oss: .
a% E % A}'bﬁ Rice ega }ﬁe Hra y%r%g%?lng a
dTiosd ailgaiall &S)IW.QiSJpC&ﬁil&ld itsd e mm@neléﬁ tih@tdetected

have ot her_conpositions can be found, for exanple, in
Mg Kfan P 3k AR Fo gl lo oS il st 5% L eHes RFgduskipn of

tid é§}§¥?@ und ]eg%

%%i ate ucts%?r1 mﬁgmﬁ] t%#%%ﬁﬁ%?$%sa

mhmﬂmﬁmawmwmmmmmkm@tﬂ@MhﬁUﬁmmﬁ;MHm@r

I11. .Acco t pr ef rred nbodi ment of the .

B ivents otea i FI° GieH Ry ShoTeaional to

020 pYedan Rl ghtriatdale A batodiidda BRUMKD. G% Pare read

sul fur neasured by el enmental analysis is used.

Usspecilalsiey, iAme gNaryoi | STh eopriatadly rmrk%maserl@mp

at\éa%@l%dvt%yrﬁtﬂ'ee %kmllt A€, oralpcpgchm bSt a]ﬁct[es any
organi c esters I| e carpoxylic esters osp

oatiear Parar garite rettieres lwikéh siHd ek .0l |ZSlta1’]ﬂ'1at1vely, the

pol yal kyl ene gl ycol,; andsynt heti c hydrocarbons,

madkEc Al Fep&a;%!eéflﬁs TATEFi e e Jogd%ctl@a(fe’ﬁ}ﬁe detected
ndeficradhase oidsS.igs I&?ﬁe@*a@.lf Phoddie e RAHa RO TRMIAL
nor e expensi ve than e mneral oils, but they have
H@d&@ntageehMQW1awaygh¢n(Iqm&mnnman@@.déﬂenmlnlng the
g an t|on r.ef ence, nadeféq#{he 5 APl cl asses of
o ped % ridar? OIEGH 1 nstitute).
Anerrcan Petroleunrlnstltute (APlI') Base Q|
Classifications Synthetic hydrocarbons, especially
pol y3Fefi B¥efearmsl lemoeswment + hdleame tesh &g iyses
f ref.err S u
OB P TR Thel R e Dol iy 1R G, B MRicea
lespecmablpha&beﬂ@@khﬁwﬂmgmﬁkmaanammamgednumnprdddce said
pro ene, hex ene-1, and dodecene-1 Preferred
e T OB Rer agE o PECITAE Al GHTAYE (4 OF
pﬁ:e@gleleb 20Q % rHIQRR U MRck MR AT ef &ably aS%ats% locked
5000 &/nol According to a preferred aspect of the
199@5@ tLoiwisy &inel roduled Liepdodultihe friafied emme scigmeils & cape
t ainin 0 elect nrthe LQup f
oxy %@ %cr % £ g%%%poléeFEEr péFy&Fg'and%br et
kﬂb@&n@mh@&ﬁbQésu@o@@ﬁﬂﬁ@@dihepbgk&bﬁbbm.oﬁh®h®$¥gﬁ@cked
contarnrng conpound is a carboxylic ester containing
120PPeast two ester groups, a diester of
car boxylicacids containing 4 to 12 carbon atons and/or
a ester of a polyol. By using an oxygen con taining
conp@undnaem@odaﬁestockhetmethbdecp@@kisaﬁcer@ﬁuth@g an

c fluid can_b npr oved. Phosphorus
OB A8 EEn B i 54028 La LBy SR Ut L AR Ty dTu ik being
rblaicddsueihas abkyk @hul BBOSPR®EE @3t @he UsicAlK¥lior clock
phosghates such as tributyl phosphate or

st.gnaz; el hEkgl rpesepRat €1ocki lgnaghbsphat gsnegelred
l.ph l...p te
BT PSR LR R Bk IR, e el L 1 ror, elock
sﬁghaﬂebehpbompﬂaﬂeteﬁddntacnakdahaeswﬂthftheg&ﬂaphnatlons
phor us conpounds are phosphonates and phosphi nat es,
whi ch may contain al kyl and/or aryl substituents.
Di al kyl phosphonates such as
di - 2- et hyl hexyl phosphonat e; al kyl phosphi nates such as
di - 2- et hyl hexyl phosphi nate are useful. As the al kyl
group herern i near or branched charn alkyls
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groups. The pol ycarboxylic acid residue usually has 2

to 40, preferably 4 to 24, especially 4 to 12 carbon
wat@sa420W6ef ul pol ycarboxylic aci ds esters ar ePCEEB2008/055988

esters of adipic, azelaic, sebacic, phthalate and/or

dodecanoi ¢ aci ds. The al coholseonponent of the

pol ycar boxylic acid conpound preferably conprises 1 to

130, crRs pasdad |9 2-4t9 it 3 o at @Bk Emnpﬂlgs Sheseigh or

al cohol s are nethanol, ethanol, propanol ?ano

tﬁ@wtmﬁﬂremka I’ﬂalpﬁl”afnbl el otferl . 11Fu¢hh@rmb@dlment

QX0 can be use such as d| hyl e co

I{rél 20[ enaztog ycolus? tqfaeql?ﬁ/ the % ?/C%?P%g?%e ClOCk and
K&Qﬂfmimydl'ﬁﬂencgicyﬁm IfEshasdadty Predies redr € 0nPSANESr each,
are esters of polycarboxyllc acids wth al cohols

G riha e o ldresddd faise Bl @ekefte skt with
SRURQHN e | SR YGLOP

Techni sgﬁ)en %een?%g{él?hﬁl‘fﬂd{bekgld{l on, %%/Aifé? ‘%é) %gggcgélf

1o dudrilien péaSeh vearrzen bier t(HeQ&zﬂa)t)textﬂsemtﬂtm@hy@d) sth® digk.

bt.ai n ester. cqonp risin | east t ester
S oA AP MG Be5 4016 Frerar aads Ot o 29
SN AN XM ASL By etme@n&n}dﬁ gl ycol ,
di et hyl ene glycol di propyl ene gl ycol,

2, 2-di met hyl - 3- hydroxypropyl 2', 2 dlnethyl 3' - hydr oxy

r opi &f Q i et r 1, et hanol
Sroggr%%,n e%hrf'gi){n% IC!nch)I1 al{%egg3 éa?éngﬁf}{h? péoépanecgléateCtlrlg
flenttarrtyitdng tiel thﬁﬂdpdeﬂ oﬂﬁﬁUﬂdKﬂoﬁﬂﬂf the disk;

di pentaerythritol. The carboxyllc acid co onent of

RREUSHIe st & IRRPIGSGAAF . Hignrt 16t é%f%faflcze tvph 2y said
FARIRRNR AR s PURATRIELH AL A dIRH: Mo WANENEEE rotation of

saturated fatty acids such as formc acid, acetic

tae dlispr ome@ml@lga@ ¢e801:mtma:rramﬁj daicaqorﬁmm adiel,disk to
enanthi c ryllc el ar onlc aC|d capr

PEEVE S ur?dec % dc@acpms&gr} a(fldgmadl ta%td,data

sfladr @ iRy &h@&@f&a&wlﬂc&ﬁd cglgeﬁilmats & 3&1ndhng

h tadecanoi ¢ acid, stearic acid, nonadecanoi c acid,

gERNCeaci FhiseRerosdasiant mammd@%ﬁ ®Prafiqrred phase

1 ML eari

e RS A e i R st L e LT LN

thaZ- dh@embﬂamanmamdiqu($1gnal can be at a different

2 et e h Ibutanoic acid, 2,2,3,4-
SRR T oR e e e R

2 5,5-trinmethyl - 2 t - but yl hexanoi c aci d,

2,3,3-trinethyl -2- ethyl butanoic acid,

2, 3- éucmﬁ*}mgztm@prs@wlnmta@mqﬁ amﬁ d:h@zmtemﬁrﬁeﬂan@ntlon,
[ i JTet C : I|n ar._.or

R £ B R R R 0 Gl b sgopgttern of

daitaolrenidc facida Facet adecene izt thediRGECM encatiod

elaidi¢c acid, cetqgleic_acid, erucic acid, brassidic

CREPELSand ‘cORREPERRI &P@dééséff Sledise A% flughugtions in
ri of, sa I t G .e S.

R o PR o 68 e SR B s fegence

Cd@nkbelgged E@peccakﬁwnaseMuthcGWp@udd$o¢@mmnmasn@oaas to

east two_est u ar e, eopent.yl gl ycol
oAV RE BT CReg SN T g FECor CHrHOR &1 prepstaie Gepdipa 2
tleak! pherephopy! eaeaglfyeal tdicolieane tdicgidilrne ¢le¥eoldata
tallate, and diethylene glycol dioleate. Many of these
Sé@ﬁﬁéuné§darénééwﬁéﬂ§'éﬁﬂ@-5@§¢I§@¢@ phemalnaisérg the
n rad I I G 214, from

gg%%%§@ GQOC% ggpngg %rgdgggrégé?§ & %5 from

Uni germa Cbrp under t he trademarks Prlolube 1430 and
Pri ol ube 1446 and from Georgia Pacific under the
trademar ks Xtol ube 1301 and Xtol ube 1320. Furthernore,
ethers are useful as a conponent of the hydraulic

fluid. Preferably, poly ether polyols are used as a
conmponent of the hydraulic fluid of the present
invention These con1pounds are mell known. Exanpl es
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having a viscosity index of 120 or less. Particularly,
a polyneric viscosity index inprover can be used as a

wa@eogasent of the hydraulic fluid. Viscosity iPOBKP2008/055988

i mprovers are well known and, e.g. disclosed in
U I mann's En cycl opedia of |ndustrial Chemstry, 5th
Edition on CD-ROM 1997. Preferred polyners useful as

VI i i ued i SoPrd et discderiyad d1amalkydesiers
having at |east one ethylenically unsaturated group.

W%@l%ﬁﬁaﬂ@l@r eche | Totiatovan i ot ttHee adisk Red ews bolg this

rs ar Ny l.e b ol ner|21n
par otil t%( rrgie% ag(%/ atsyel nr%’l gar s gt%%s§ u]?ra? af@gaccount
o'liheﬂll&fwn ﬂdmtﬁﬂ)tﬁﬂftha‘lc&% llr}clwf@sml&tm yd Bt €ise amﬁsk when
acryl at es as well as mx tures of the two. These
rrﬁﬂ%lm Pagike & 198&fown T g Hakes armkly sing | thesfajie more

LIk i r S L Ol NP N Wes, 10; obtal 1

preferre yners conpri si ng unlts rom al kyl
esters contaln 0O to 100 wt % preferably 0,5 to 90 mt %

especgially 1 to 80 . w% nore erably 1L to 30 m%
e oo AR 5 b R BTG b L o
t@fa dkh AR SX X4 §109for0ne- t0ra ity @tdi enial ddcovered
unsat urated ester conpounds of forrmula (I) where Ris

tI%SdFr SR @rlqmlhweadaifwéra@% distearilor s ahigherrted due

ci.al dq n
or ie%jler %%&%%ttwoggcar on %drfa AI% hey q__\;gslgr gneanlng that
Uh@d&mmlmﬁd@/ fimednegery @«11&1 gj’e)lﬂrg]juérf@ fapmadd, leading

- re R neans h drogen or an aIkyI roup with
g g e (& FCEARg this

2QiJRRNS ,al(lraﬁish)@&r »ﬂe%to%ré‘di r&&%ﬁ Q:%sad"dsﬂ&'laqatt%c' pahi ch

derived from saturated al cohols such as "nethyl

demechiladed atle:h e:tﬂwqumu@)r@dx yratay, af pTl’[myilSk

net h).acr ropyl ylate buty
e R e R By e ch e g ety of che
AR, h)s@crtyllaa;t Qk@@nﬁ@.&)@lls( ot hRC rhlopian; reed aRldwIfrom the
(neth)acr ates l'i ke cycl opentyl (neth)acrylate.
dEgit Herlio e RSterEed Mpddiaauaisyt sremeslimd he This

c IS ' firo
m%%r%%ég}% ?11%6: @rgg eIC% l?% LEyl?)free er g%lle\h%%o lél 9 @m}? %@Qes?g?ca% ISlgnal
MO-IQBQ/\AS%I@i@Hmrse trhnreeffmeaimlqndizo ploovedS witl% krees e ren sharply
t he t ot al t he mononer. m xture of one or nore
COPRFPEEER PR tHEn Ol ool B SNASTS] TesAm At cad.
(I'l') where Ris hydrogen or methyl, R4 nmeans a linear

or branched al k residue with 7-40, especially 10 to

30 aff@epsérer @tfv | pnpd visg N4 mear ISOMPatices SORS tameh R@edys ing

si_a?:&e)%%%@mélrté %ﬁ_%%lgen Qr d%s% %lé%dOfbel%k f%rhe resetnﬁ:

nmeans dro en or an a
afrbagébenes heei @laJr}tll:ﬁhlta(r 3@1valfu(ﬂ:a@fe%f @;Ihml y{ls]aa tie hrrow
carbon atons. Anong these are (neth)acryl ates,
bﬁﬁ§aW§@§§r§W@nﬁaF€%Fés that derive from saturated
al cohol s, such as 2-ethyl hexyl (neth)acrylate, heptyl
(nmeth)acrylate, 2-tert-butyl heptyl (neth)acryl ate,
octywh(erréttlepaafylsmeetram @@pﬂ@pﬁh@ep@yﬂ comprise converting
t h)acr non rmth)a Iate

SEAB: PR JPaCeS ARGy CRotRser o apse trequency by
mixABghygbuddeeyk @aebhlaghwuhakerndadeéylusoidal signal
(nmeth)acryl ate, 2-methyl dodecyl (meth)acrylate,

<.>Ifei€1iea@<§ﬂd LFernA) §é1|1§34 ZEdersnget KYPEKi @6cyl timing reference.

l.a e
R b R e By iy

opepaadenyto(bethparuyﬁabat bn ithepdepyl beghadeayl part of a
(nmeth)acrylate, 4-tert-butyl octadecyl (mneth)acryl ate,

5- et hyl oct adecyl (neth)acrylate, 3-isopropyl octadecyl
(meth)acryl ate, octadecyl (neth)acrylate, nonadecyl

(et h)acryl ate, eicosyl (nmeth)acrylate, cetyleicosyl
(nmeth)acrylate, stearyleicosyl (nmeth)acrylate, docosyl
(neth)acrylate and/or elcosyltetratrlacontyl

o, . s e o
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ffeerrrreedd oovveerr tthhee nmuaal | eeaatteess aanndd
ffuurrnmarraatteess,, ii..ee..,, R2, R3, 1R5 R
w@ 2osfi4foos mul as (1) and (11) represent hydr ogePCT/RP2008/055988
particularly preferred enbodi nents. In a particul ar
aspect o f the present inventjon, preference is given
to using mxtures o f ethylenically unsaturated ester
?)ew%nn%nelgfsfl@lwle%t( ldnla ANGWh & HE Hdd&S- v Blyser to
east one (neth)acrylate having from7 to 15 carbon
bgrome inormad iglecbitel disd calecahd at | east one (neth)
acrylate having from 16 to 3 0 carbon atons in the
al cohol radical. The fraction o f the (nmeth)acryl ates
havi naief @@p7 difo s ctafilroRrtEE rgh e Angidle sampling
radical, is preferably in the range from2 0 to 95% b vy
afei gAOitigded dhe heskeidgiie &ifgnede qﬁ%ﬂﬁnﬁn analogue-to-
it r ar
oo vprer (el MRSy, RS Plier gl g
Thas bddoatomhe pieloe raimc ahell vsadi cal Hexopreefrerratdlyi ded to

th f 0.5 to 60% b ht based
UERREB0r { AEeBGHEr "o P OSLEraN s GA e Saraicbri™ o

settihe Bﬁla)l%re% GOERI e ¥R iRl tondeldrved 1f Mm@l Wpectrum
esters. The weight ratio o f the (neth)acryl ate having
appdisist digs tedrdlyon atons in the al cohol radical and

the (meth) acrylate having from16 to 3 0 carbon at

ons in the alcohol radical is preferably in the range

of A&cibrti@nb 10, anahe rr ekpleatl Y i Rhichercarge drvention,
to 1.5:1. Conpaonent (c)_ caonprises in parti_cular

tE?ﬁ?léﬁr@éPW9d@§s§t@€§F€§ RENSRELPOh G dggst one of a
A59ROLY-BREEE Wi mfhg L&t Eyl'de Ia' %'a'dy/w%%t Laled el flethod
conpounds “of formula (I) (1'T). "Conpnoners t hat
compréspoad tGOthéth|thIdgskord@t&caﬂ@ge§QECWMdQ¢0ns in

ui tabl e far lynerization i.n accordance with the
R ERREE B R B2 BB s REC R RRNt oY, bl e rence
csekrCcEegnhnoAnt becgrradpceorsicat kag dof 1hy@nededns so as to

hal ogens, CN, |inear or branched al kyl grougb W th '
be. EUHCBF@ﬂé§§@IVlIthﬁﬁdr@§B§épélPﬁ ghef dapih| genegating a

t%gn+§?tﬁhﬁﬂsofwﬁb%g ngﬁg s%%QSE %E%ﬂd@ tho

taq.
ogen atons i S number o# %g?&g& as a

tammng obfehenakkylwrdgtang ther texanpbet€lF3) pfadata to the

nsatura ear or . bran hed al kenyl or al_kyn
a5rBuREth Eheonestt prenaiBel b9 beanaaLbeerapty daka from
tﬁéea%ﬁbwt% tﬁecareaan tat g ikl ah t‘é%'ﬂ eeteueebhbqt edng,
with 1 to (2n-1) hal ogen atons, preferably chlorine,
aphéreingi saiHetrafbdrtof séanbdnusiogs toe rkéexkkyle clock
for X cycl oal kyl groups with

ggggcar Bof g %ggg ﬁ%?aﬁggéﬁ be substituted wth 1 to
(2n-1) hal ogen atons, preferably chlorine, where nis

t he nunber of carbon atons of the cycl oal kyl group;

( YTFRﬁ*prQE’J'@eFNR BoRe* acqueﬁi;e* nlﬁtgod géqsestlng by

5 &S 5% Y
R g g R A E i BR Ehn Be st SF Al sec
cwbth amgaddllsloaaﬂ B8th whgh, genehetengcthybagtemp,of
Y, can b NR8* O . preferab S

Sy ooPB R AL FRn: £80 B8 BoHKaF BreOrBRASRES| 2AF0 or oup
fmu&huatzengarﬁoehatemsk Btat(BASah8 BYHH09BBNOENANysing
al kali nmetal), alkoxy with 1-20 carbon atons, aryl oxy
the ﬁétéréé?@ﬁ}l@%?d ekaﬁéomwthEndéebné@nepvpanéate for
elMAEQgenaaL 80 Bhkyhgroupeutifaone to 20 carbon at

ons, oOr toge er can form an al kyl ene

group with 2- 7 preferably 2-5 carbon at ons, where

they forma 3-8 nenber, pmﬁaaMy:}6nmma ring,

and R8* is linear or branched al kyl or aryl groups

with 1-20 carbon atons; R3* and R4* independently are
chosen fromthe group consisting of hydrogen, hal ogen
(preferably fluorine or chlorine) al kyl groups wth

1 6 carbon at ons and CCERQ mhereRQ* 'S hydrogen an

. AN o ey
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(et hacryl oyl oxyet hyl ) di i sobutyl keti m ne,
N- (et hacryl oyl oxyet hyl ) di hexadecyl keti m ne,

w@ pwBh)zes yl oyl am doacetonitrile, PCT/EP2008/055988

2- met hacryl oyl oxyet hyl met hyl cyanam de, cyanonet hyl
(nmeth)acrylate; aryl (neth)acgylates |ike benzyl
(meth)acryl ate or phenyl (neth)acrylate, where the

acrylof o8 dupddirRafh GaRe LA fe duibsddd Ut eth Ofne disk
substituted up to four tinmes; carbonyl-containing

hetetch)rdratiedt ¢y |a ket aitisoxyiet HydcKerbtty) aor st il lator

et hyl t | at lidi nyl et hyl .
e Y1t G0 e YRS o o S 1°0h et e PSR
piRiieRr rifdcat &n Ngwtinacios aildex Middrdle, the oscillator
Nnet hacryl oyl - 2-pyrrol.idi none,

MAiee BeRAed ZpEndasneyl b (Ge

ek
t A - i di. . :

AL SR el D BN i, i, o o

pod@ctietrhady yWhay |reddreptcad edydcl2-qiygrradl | diltexein the same

net.h) acryl at es of. et her, al cohols Iike
G o 1 ARG i SR tHiskyB hyI T2
TRt RhaGy i Ml ot eeting t RN AET M alged as
1- but oxypropyl (neth)acrylate, 1-

nedtemande? -famyihex erdtimg  Yardtimaandanatus rather than

cycl ohexyl o t (et h r te, .
e i (R 28 & e immgatR TS
afviatdy) atiey ledtfec daurdfuraHerraat )raicity dtiesh Zypically arise

but oxyet hyl (nmeth)acryl ate, 2-ethoxyethoxynethyl
OMFét mlé@rﬁq%?ﬁ‘@e%-%mwe (TS dpcttdierefore helps
a%rl@ﬁ%l ARG LRINAYH ArfSridld WHROUTRIOM, both when

(rmeth)acrylate, 1-ethoxybutyl (‘neth)acrylate,
wirg tthH ooy miettiay |t o ridsteh aarky leatde whbre ttemdietchydack and

th).acry] ate,_ eth hyl (meth)acryl ate
a%‘%ﬁ%lé’@r ﬁ%aesfr&“ il -ed al cohol s |i ke

2, 3-di bromopropyl (neth)acrylate, 4- bronophenyl

(nmeth)acrylate, |,3-dichloro-2-propyl (neth)acrylate,
2- br dyasering st B fOyitd @srrqtod@dettiig present invention,

t h).ac ., | or. le ( Vil : j
e e R IR s N & iy Pkeem
o3, daepoxyb ey wr(inetdn) acr W alara HY ok abee pdgjumdetiyim for
(rmet.h) acryl ate, 2, 3-epoxycycl ghexyl (neth cr&%g}e, )

iCLERy | PRPACAHUSt ESTEIRCHT 189 10,241 SR ad&hpting
a Rtk 361w ;ate qeHletticdY la iBIgER Y | Rt c P AR IS ons  in
boron- and/or silicon-containing (neth)acrylates |ike

the Egiawet f pledsytharoodr ¢ind dietih padmpcissor arranged to

2- (et hyl_phosphi t o) propyl, (reth)acryl ate - . .
p&ioﬁéjtcl%lapﬁoezf%ﬁeﬁlg)%tc%ﬂ%k( %ellgﬁl)a{alcrlﬂgtc&drd%mce with said
fdiu iy pnes plo reetthy e BBthemlsaie with the rotation of
di et hyl net hacryl oyl phosphonat e, di propyl net hacryl oyl

EhiR0 SISt e 210 (@ BREHSIRO ISR O AT Femsias) &¢&r @eaesate a
test %‘é&}ﬁleﬁﬁle%%t q:%lylu%\ih‘at i PUBHBence clock signal as a
nmet hyl di et hoxynet hacryl oyl et hoxysi || ane,

tdime gy reifesemateoet hyl (et h) acryl at e;

sul fur-containing (nmeth)acrylates |ike

et hyl sul fi nyl ethyl (meth)acrylate, 4-thiocyanatobutyl

(et hlaeriale  cehyliFehf onylethys (1t Pragefiatievention,
t hi ocyanat onet hyl (neth)acryl ate, methyl sul finyl nethyl

tihwreh igc PyioatielechipppREeiraecT logy PoRyatsiylg) asesitd@attern of

ter ld.c ( cryl R ;
d%%ﬁ|?%%¥%§%%?§%§§%%%}S%ﬁ%i agﬁéﬁa gél y%4;he apparatus
comppticlinayl ) et kylindiet Koacryltatteé ngnéd said disk; a detector
| - (2- met hacryl oyl oxyet hyl ) -2-pyrrolidone;vinyl halides
such as, for exanple, vinyl chloride, vinyl fluoride,
vi nyl i dene chl oride and vinylidene fluoride; vinyl
esters like vinyl acetate; vinyl nonomers containing
aromatic groups |ike styrene, substituted styrenes
with an al kyl substituent in the side chain, such as

L T N o

o o o o o,
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Mononers that have di spersing functionality can al so
be used as conononers. These nononers are well known
WO poosheoe4t and contain usually hetero atons SPCITERR08/055988
oxygenand/ or nitrogen. For exanple the previously
menti oned hydroxyal kyl (nmeth)acryl ates, am noal kyl
(met h)acryl ates and am noal kyl (neth)acryl am des,

CLyl f I ls, t ' :
R T BT AR RO el Sy Bl o ton of
thensiidéned asodies sper simgnoeEd eneroduespeciddflarence clock

preferred m xtures contain nethyl nethacrylate, |aur
SHEPRAC I ACEORRAFGE Shehr F oG ACLEmETIRS a8 To oe
sYRPLBARLSAC AR the theedJtRtiiVnd WA lohOldiak MaxXtddfSoller

he hydraulic fluid of the present invention
aprefoegblty ceapy s éespobpdltieynmetthaiertd direorpdiharglisk to
Theseg pal rs tai_nabl e b | yeri zi.ng, Conpasi t |
OB P Sk TATE: FACPSH L £ R Sle e e st o
ahali/ge aht. tBgef aaabl ¥ighkesasgeldy ahey lrefdiasiod alleck
pol yners conprise at |east 40 % by wei ght, especially
SaflPéadf B0 LIBRINERERESTFSe preferably at |east 60 %
by wei ght and nost preferably at |east 80 % by wei ght
nmet hacrylate r e peating units. Preferably, these

pol yakkyplkrdetnbatoykbate xpdl wspes tc ofprtihse pC®s€24 invention,

th | at i it d G.- hacryl at
EBEaLFHE GH LG FREBIRLIRr WGP r & a5 i OF &
aderi vedrhremiakky he@sher snids an@lea@/iiriicdl hddsyaldne t he

pol ymers derived fromal kyl esters have a nol ecular
2RBRYRLUEN CORPTAEAHE :of 236D1NELE GOT, oOGFagimsl @ said disk;
p Y4l rangq.ehta ;
O PEEEEERy aePahiey ERIRCS ek RARRhatd e SRnGa Gtea of
rd08£000 gfmohe dikhout amycliswiotratiraanigrice ndedriofuce a
this. These values refer to the wei ght average i
rﬁE%@HFSr Ciepghﬁlsﬂaﬁhénpswﬁéﬂencw MR SPaterdrsfuations
s8NY¥s! Al bat 59RchY-chikeq thenalky eRbi:iaer Wralkde disk; a
pol yners exhibit a pol ydispersity, given by the ratio
peftehe wenghbtaveragengeletol gengsiadgiet at ¢esite patnreen of
aver age_nol ecul ar. -wei ght , LN the range.of. 1 to
L8 BREPET Ry TortRstis, obh rabrylors: o pitryhy 5
rk@ePentbe pOLydispensit wrirayged det efdickedhly t@el pattern
rmeati on chronatogtaghy (GPC) . The nmononmer m xtures

pRe . ,
ofedefpbéd &BE6vELEENWBENDSI FREFA £E@%hy 2RAY tRnSWkSequently
-BEHNad: OPNaen! B! chadigak itk Bhar heldn the i3t e a
to performa classic radical polynerization. These

tenkt dater signelwebhdknewnanaliseraetrrabgadpltes ahalyse the
thgsg radi_cal 'nitLator% are _azo inithat%rs.lik

s '-QEBd?ilQBBEt YPoRet Fife TEAPBRJICE clock signal as a
tZmZngazebksedcaet hyl butyronitrile) and 1,1

azobi scycl ohexane carbonitrile; peroxide conpounds,

e.g. methyl ethyl ketone peroxide, acetyl acetone

per oxj . di r [ OXI er. - I - 2-et hyl
hexaﬁgggg}ﬂﬁé?gnékpgggx?ég?eﬁ%t%byepgg%étVﬁ%&eggﬁég%
dpetoxbdd, begyehghefananapper axictle redichenzeylopehexi de,
tert. -butyl perbenzoate, tert.-butyl peroxy isopropyl
agaPEBRAY e192952K18ES. oL Ry PREK B0y - per oxy) - 2, 5-

di met hyl hexane, tert.-butyl peroxy 2-ethyl hexanoate,
tert.-butyl peroxy- 3,5,5-trinmethyl hexanoate,

di curggerpeloghdws scheppsiredliy bot pkapplexpf a spinstand

2§EELBIRETRE: Al Snboihebh o ths RECREMY tovenrignangnd.

tert.-butyl hydroperoxide. Low nol ecul ar wei ght

pol y(nmet h)acryl ates can be obtai ned by using chain
transfer agents. This technol ogy is ubiquitously known
and practiced in the polyner industry and is described
in Odian, Principles of Polynerization, 1991. Exanpl es
of chain transfer agents are sulfur containing
conmpounds such as thiols, e.g. n- and t -

o o o, T T T
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above to which reference is expressly made for
pur poses of the disclosure. The RAFT nethod is

we@2a08n$30vel y presented in WO 98/ 01478, for exaPi/EP2008055988

which reference is ex pressly nade for purposes of the

di scl osure. The pol ynerizatigmcan be carried out at

normal pressure, reduced pressure or el evated

pr esshi, t 04N

R e B

ar@-208r 0 lpr efsrdbly @erljiﬁlﬁ)@:mm wespectlad | gpinstand of
efergPIy 60- 1200C, without any |limtation intended

é%? The pol ynerization can be carried out with or

wi t hout solvents. The termsolvent is to be broadly

understood here. According to a preferred enbodi nent,

the ﬁﬂmlng l‘dbt%tgtaltﬁ?elbya asmm%mqizhwmprhsea\ﬂ an air-

ae IChéj}s,les lrbove érjt‘hée%r}gre I%%ormgrfgg(;b ot ar nag‘—lt1 d 5]? 4 is

iRt | Zath® s ih e fod y_alapm@llﬁsn 4 M d aread mechanism
greferr%%H More preferably, the PAO has a nunber

d@n &}O%tf@%ta itrahe iRk 3TSSBRLY o 187090,

f Thi I t ed

éﬁﬁﬁkf&ﬁ%gjﬂgg%au I C flﬁggqﬁ%my éﬁ%?lgggdh%é?g5%%$€§ by
a&aegrlhly éspsm:alttl}e Isunf Be %1byt1v@|@mk arslph eflzrabiigta

O@b ased the t.ot al t
BT 0 D TG R cer Tt T af gt Fice of

tefé ezmsk As:.corzscg ed@ridpdd efiald efh ot neginofatdiel is of a
present in vention, the hydraulic fluid conprises at

Hroxgy eR by melght of one or nore polynmers de rived
fromal kyl esters.According to a preferred aspect of

the present invention, the fluid may conprise at | east

two ey marindtaridid ehall fd ereddr nemoobsr congposmt7 on.

Prefe abl | east one_of the poI r

SR et erabI G LHE ol S0l 1L | gt thn F the
s\ﬁfrﬁﬁ% by dNAex ddmiamesty aseriolae] efriis dhcdader éd of a
particul ar polyolef n copolyners (OCP) and

H@aﬂm@m@&r styatee/7 denaaspel e rvelHImowThien the art
¥ oI rs ) used aggor 0. the
a%g?l t eroen oarreg nomnoté%Eedes]%rlebead:e pr en%af‘i][ r}ge}eln

Mtwmﬂsazsyrﬁdl&fam@ Jfarsma eetrhgdm Sy toge eheaave been
i soprene, butylene and/or further olefins having 5 to

Ry AgmIssh T@ToMse StHeReTHA dH v ST Hidein G MF e e ¢ where
SR} 15 &3 Y PVEE N e dH F OGN A rg 9 tracks to
rmnomsrs e.g. fromO0.05 to 5% by 'wei ght of el c
e tkegirt de) Uhg/qnﬁﬂednaphaah WﬁhélﬁﬁﬂﬂiyJEHQIVWmKﬁtthe
cont ai n_di.en onent re general h nated

SRR A PO ST Dl A AT Sene NS kS Hat Brtet,
tHOSY i hderdeniicfert RraliscRsiddtddHi®@X thereto at its

EIgfrovers The nol ecul ar weight Mvis in general from
GEPasE- B0 01 sk &f or dB1y @ eln STOD0 S8/ 850

ol pal y f.or
&¥¥%r%%€¥%n iﬁé@%ﬁf %h ald%§§;é§§? %gﬁﬁoéglﬁglg%ﬁ?
b%hdktto MEm%eL?dﬂ%éﬁbbd.ﬂEu%:Mlﬂﬁ)ﬁﬁﬁ&tﬂ&ﬁd&]ﬁb(ﬁb
039, and DE-A_20 59 981. Et hyl ene/ propyl ene copol yners
%%’atffﬁccmlatrlt VRS &S a%tj %@ J;ﬂﬂjér% draviThFthere
JERAMN-SARNAY 1IN HariC b @S uch transitions around
et hyl i dene-norbornene (cf. Macronol ecul ar Revi ews,

t\h@l l"lI@ (:B@ﬂ%)gosmléalat sy lgasxishlag, tyansitgions endféTR:y

& sslln n%%ﬁ_ SOCQ?LE§%%H;'nt° acco%pt 0
5& ﬁ‘roélcse% R Ys (Y B i lﬁoﬁuajﬁﬁ aﬁqafl g
dﬁymﬂanthhu&usgﬂuentlal poly ners conpr|S|ng et hyl ene

bl ocks can al so advant ageously be used. The ratio of

the nmono ners ethyl ene/ propylene is variable within
certain limts, which can be set to about 75% for

et hyl ene and about 80% for propyl ene as an upper

limt. OMng to its reduced tendency to dissolve in

oiI polypropylene |s Iess SU|tabIe than

o o o o oy
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Hydr ogenat ed styrene/ di ene copol yners can be
comercially obtained under the trade nane SHELLVI S(r)

wWG0sAEMP4 200, 250 or 260. Preferably, at | easPCDER200$/055988

the polyners of the m xture conprises units derived
fromnono ners sel ected fromjacryl ate nononers,

nmet hacryl ate nononers, fumarate nononers and/or

nmal eat e nononmers. These pol yners are descri bed above.
The weight ratio of the polyolefn and the pol yner
conpri sesumd sirdeen febrieten Mindremsowetetteed fhom

acryl ate nmers, nethacryl at oners,, funmara

FTHETE anchGr SHACHS THRGHE K iy Bb ThF (Hefdge? - The
i9ft el £ dne th¥ Brp esed aldserd: fdo Fpdei Aes TAr Sviing)
fluid may conprise usual additives. These additive
WwhHehide digechind outdarihe strlaw®m wyentlow cdre osi on

i_nhii.t. d/ s,, Of.te
A da e AN cPT SAN AT ¥ deetor
(ot ddersi fa o4 1Slgo HHowralc dar dibiyg itroc ASTEM dhelliddr atb 409G hey
in the range of 10 to 150 nnR/s, nopre preferably 22 to
"RYE Mts. Sy, ThehRIMgH i (S y<aan isrIadRis system
7 B IR NN G LPMRARIYS ‘s ihnft Wi Indd KM the detected
mechani cal energy, e.g. a conbustion engine or an
seladet riacal motor. 2. A fluid flow or force-generating
unit that converts mechanical energy into hydraulic
power, such as a punp. 3. Piping for transmtting
fl ui dnenderv preRssdre.si4maA Wl tid hals ey tspdih®al timing
hydraulic power of the fluid into nmechani cal work or
ko legiaprdssa® a8iedt G R TARIPhTiORT G ik ravw
or, ' i3], fnd, t :
etél\gr%t%e\oéf%g?%adin?jtlwt%h p\%)gd\}fc;&? tah?tr reglﬁregit e ciyoéivs,ﬁf ﬁgnal H
tiwee Sounme 0 fdiar edtdadn sofgrady éfe mthosancedamd iced fearpees]l to the
6. Afluid reservoir that allo for separation of
ARSEEE =] CEA SRR GE 1 SSPIFetAs b e fore the
clean fluid is returned to the systemthrough a
filter. 7. Aliquid with |ow conpressibility capable
of opér sthiond dnibich Bt efe badatatdye u e ndsesdisd iateons
f. L application.:(te r re, Rressyre di.ati on
SRt st R A R el 3 R e o ene
diekany. neicar xatyliendehs, seladel renicagaldey aganridield ed the
with val ves and _regul ators. According to_a preferred

dEfffodi RENETYF ARETpPELEnt Aty &vtiades aiahdhsuidsdr a
iRl RHRARY Re tusedd RO Areneate hydraw it
power. The system nay be operated at high pressures.
nEeesisaporenmste ob tiilte lpmegdst. | Magmstde carkise can be
achi ev at _pressures in the range of 50 tq.700 bars
B8-or T MBS a0, € An A TrLra A SHE A of
td20 dhaks .4 . The unit creating nechani cal energy, e.g. a
not or can be operated at a speed of 500 to 5000 rpm
preferably 1000 to 3000 rpm and nore preferably 1400

to 2 r : Raulbi G f luisd . ca ed at i

{ ompar St GRS N RASh Pt SFalTS SThe FRGTY o5y 58 G5o
(@la tlénpehitchr rioduickes kandgesobutd@Cat aeZ@@@bcararieck
preferahly 100C, 500C. Usy ally, the operating.
T Sur o Moifirs Pon HRE BaSE A tivd Chsed i 1o in the
riaRybact ure t hedrednad hankl ubds Brefigbakhenttibe &l wird
is used in mlitary hydraulic systens, in hydraulic
Onayneneaseiys widys bensieor gl il gespdilsiion thehifolldowing.
in industrial, marine, mning and/or nobile equi pnent

hy draulic systens. Furthernore, the present invention
provi des a hydraulic system conprising a hydraulic
fluid having a VI of at |east 130, a unit for creating
mechani cal power, a unit that converts nme chanica

power into hydraulic power, and a unit that converts
hydraul i c power into nme chanical work or notion.
Preferentially, engine speed can be maintained at a
constant | evel to deliver higher anpbunts of hydraulic

-~ . o oy Y a1
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A Deni son T6C nobile vane punp is operated under the
follow ng controlled conditions: Speed = 1500 rpm

wer@sawoed = 200 bars, Fluid Tenperature = 80 CPEIEPH(B/055988

VG 46 HMoil is run as a reference fluid, generates
6. 97 kWof hydraulic power. -By-conparison, several |1SO
VG 46 HV oils are run under the sanme conditions, and

gener@e & 1t 9 ol Yedu.gher, lé&’@aﬁ:l*tfg P:Wﬂ@%ﬂﬁom\@fon from

out put, as shown i1 n Tabl'e 1. Table Deni son TeC
tWtshidleoAkarss dPunip Rowerd Guiduita t@seraat | owr Comaki a1 onsock

1500 .r 00 bars 00C Exanpl es 3 to 5. an

R 0 B s o B s P ViR TRARR

iin¥ pefEled tngaiode frald avw g ad ralded ot ions: This
Speed = 1200 rpm Pressure = 138 bars, Fluid _
iFeiseraatiyt £eeB@Chank |tHe Ve s ameidleek reipnl H3 in a
r .enc ' at dr i

eI et IRRT 21 G Vi Al T A e B lce
dlleeks anmeynadndizt iien< i rand denetedtsy & tdiGldvigher counter

| evel s of h dra%iiq ower output, as shown in Table 2.
IRai5i% p’f?"l@é Sit Y] LRy Whife PR lPower This division
1R Qe Al QAL UdiendRO0: il L D d8C ot cn
Exanpl es 6 tgﬂglan Cbnpargiive Exanﬁie 3 ﬁwnéhu © ©
CEatodn -s\Vigsiedr S2V104b ey aneo grurgs drsx loged aretl theletivinked
faollow ng controlled conditions: eed =.12Q00 r .

st sa B SAPEID 0 Loz Had LS, PR de iR A micn
Aéeetmiddsoithd phawe &S ff drefieneawddt thgeahry at @he phase

8.35 kW of hydraulic power. By conparison, several |SO

NELeg Mg oitiss capg ssgeuider e 3R Edndilts SIREechnr

f 5 7%.hi gher ' :
Ogl:jt %utt ?D%gs S g\fﬂ r{?an '?%blog t%?b‘ﬂf%g]‘i); ﬂ%ﬂ%re%%tdo %}p%} c lelrtser 14
¥l a4 rvaree tPiempePdeemaateputt Oher a&tlilng 0Coredi tiisorksiown in

200 rpm 138 r.s, 800C .Exanpl 9 to 11 an
Honfiar | TE e e PO SR AL T 34 PSR S FiRFor
moBudRelodt a8 Wrder doie rial lsawng .cont rlded: eRaitdiisils
Speed = 2100 rpm Pressure = 350 bars, Fluid
hpemybcatidléexreto@ignad 580agGa4d i toilingus .r ufhes axystal
ref.er tl,ul g, r s b. N ower. . .
B danner: ddn b odlERE TR R F e M i on
ithalseng cdondi tthensecand geder. satoar 4 5.0 @Hchivghweror

| evel s of hydraulic power output, as shown in Table
mRAPBILOTA 15 REnRESETISI3E CDILIUBIRS o T NSuMRASGNE the
1QbRYhORBIAl 189 FORAANSY ZHOQ HERM PP HRAS 1 ¢ MM ence
Exanpl és 12 to 14 and Conparative Exanple 5 An Eaton

bezwgear thendiivs dege raifed cmegeclolek fsdlanevi 3¢ and the clock
troll diti : d.=_2750 P =
53 are SEFNGeraaRE SR, S05og0 ‘O n EPGHPE 36 B Gaduced

towakde asra.reference fluid, generates 21.5 kW of
hydraul i c power. By conparison, several |SO VG 46 HV

oils are run under the sane conditions, and gener ate

6 to % high el fe Rydrayli , :
showt 5 FabracgrEkbdogh BIBRY, 56 Aaertaisty e 1o
modiupatederat itaggeCandiotinanef 2180 flpatuv2@ionar Sn 8G@C

The data qgathered in the exanmpl denpnstrate that th
EOC At O hge CUPK forrubar 08 Tt RV BE B e SOANA b

roespens blre cher gik&r @ased hydraul i ¢ power output from
the hy draulic punps. The increased work out put
enabl es the excavator to conplete the work cy cle in a
shorter peri £t h et e, higher..
evel Dt SubPiede: i SrAtagE ARete Befoy o chipgtand
rEgaipkessingt aatdoantaCdnpawati weabxaepkats A Duet Berh
advant age of the present invention is the potential to
design a hydraulic systemthat operates at a | ower
pressure | evel and delivers an equival ent anount of
hydraul i c power output. Table 6 contains data
conparing the relative power input and hydraulic power
out put in a Denison P09 piston punp at about 5000 psi

S~ - . ~
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operate at a 6% | ower pressure |evel which delivers an

equi val ent | evel of hydraulic power output. Table 7 :
w@orrpasloson of Vane Punp Power Qutput at LowerPEr/EBENS/@55988

Tabl e 7 conti nuati onAPPARATUS AND METHODS OF

GENERATI NG A TEST PATTERN OE1DATA, ANALYSI NG A TEST

PATTERN OF DATA, AND TESTI NG A DATA STORACGE DI SK

t%’é@' lflgl ’%Iﬂg g% %a@:;t%q E’i‘v&ﬂh@%ﬁhﬁ% eseIrH é Ve 'ﬁﬁfolves

relates to apparatus and ods of generatlng a test

wprdtttieon sofoatatearn afalbesitnglaad éstvipad teerfi it datequamdy to

testing a data st ge .di. sk medlu nd/_or.

ar EXRH IOF THSag S Zortbodt it € CAHI o dHREd freribrhen
s&l@s%%rﬁq@,ewémﬂlm@actﬂmdIﬁxt&stpa?cm&r@tm&rﬁLepfb@:&md
are conmmonl Yy known as SpInS t ands" or 'dynan1c

paltéerm odl tteé;é;t dr@é;@mh@efsmq @ tHd fanen S neguany werkhe
f| rst ;dey ope ar. ooI f.or [
sear%h and (fe §§%§‘nt 25 de 6ger odjrsnt%lnlgceJL
oUttal‘h@rd | QYS aCRIRARENTD @ffea&&ie dﬂde/&%sﬁdifalem@iél tﬂlﬁver
heads, di sks and channels, to be eval uated and

Oéfpttlht‘ﬁ é’é’@r"“lrtht?nné&ﬁt&ﬁ’ﬁ’i’or?tt dhe ddnsde fsrrﬁ%’set%ﬁi’ds iThis is
a1l edf 1Y $K nArirsy IR Rt L8R KA cussed
manufactured read/wite head or disk beforée it iIs
oaasst@ﬂolfe@rsmntfaea{u@nsiy dr iTite Lgnigenexatlylpi cdaﬂsns:mbils%t amﬁt the

gp zlﬁarmtor drlvenS|ndeon V\/mgL skta
&SOO8 PERT BEATOITTER Carrd S S s qveafd Wide
f&@@ﬁ@@ﬂc@mﬁa@l@éﬂ%@mﬂ@o@m ROV ARG S 1 NRAHANE Lebeible
head to be tested. The spinstand al so conprises a
SHPESE &9d WeOETH Mlqheld%frf@éreﬂ%efr&%ﬁﬂﬂl% qihitée deta
opeRdAS loWe, Qvelrheusy figce ol dhe digk Jheljce,
pun, so that test data can bé written to and rea
tﬁm@m she ctirsik \mntaﬂytslw lvera dippdrert o rdudtliang thheresto is
Wlth% %tgnstand E head is first positi.oned over a
FHOR - & EES W YET S0 the
track The test data is subsequently read back by the
head, neasured, and anal ysed and the results then
di spBegeadsto thise rwédua%ﬂi@m@lpmm @fs theddiirst
whi cht he da IS wrltten Lor_ re ck canb .
e RS Tar e d Ty e e et a8l A dife
neekkeaiyNee ared ‘ahafe&@ﬁﬁfein@nltc$y@fte&m®vﬂ't@ﬁ® orighi Slyristnic
be investigated under. various conditiagns. Usually, a
éélﬂﬁutléf e§|tﬁ=inigalan§r é@é‘sséﬁrﬁélgaﬁﬁ’@r Signals prIé\npdfé’d:tlce'
th sCHeE! OLtl.‘h gh%h\éa b%lé%rtu?ﬂs&% ﬁ?fsfe‘}r RALN @ ave a low
spi nst and to anal yse an |sp ay the measurenents
B0 Uit blaeldspldm dm@BW) Addirt itdrial pproded .catred an

tric neasure nt el ectron a spectr
BT e G DT L ote S0 Tap R prsy e fging a RBW of
daal ¥ei N0 &nd .di sphYicry he MRATURRIERIS Jmde it speed
the spinstand. In this way a series of tests nmay be

ofoBEC OG0T Beltlid g Bt igiawpltdes d-osdl I0ed abiamde hem
re%tdg/n%fgﬁ)eclég ?ﬁa’ét WRS, 19:3GK Sqe %%q&]e[n%y C%%E:::eﬁ’l% of the

rea Set’, OVErwri't e, € source
defc ae srgthailn uﬂeit‘nlam:@llys rédael by fdhecthieatd ars: be tHetorted
speed of rotation of the di sk. A hi Iy accurate nptor

aPE GBEEPG, USOH CFTBNAY e LORe % pVRUICE LAl HOlie FEBF Y Ied TOT
o s abhached tad e spi tdlse MRVES tRehesBe the TR of

speed can only be controlled to within a certain
#0ol08R&nc e, t@:evlfnr@qrwe@@yt o futdes imeed Uirlenenatsiiong li fi.e. ,

+t0h900195t aetrlr%r%alwhe%e%%e pa I?:(:‘\ercljlI SJ’_ks w‘?':Lfchcten, and *0.001%

error when the pattern is read back). When this error is
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fluctuations cause the test data pattern to be
di storted both when being witten to the disk as well
wa@sgomsheeobei ng read back fromthe di sk. These PCT/EP2008/055988
di stortions can cause significant problens in
performng tests where high qrsecision is required.
According to a first aspect of the present invention,
ddaried sPrPvHed A Rthodof e aenalddy g éhd £sés s00MHZ,
pattern of data to be witten to a data storage di sk
thedingad drdledtianentdie wielthodhonpy imdrg: than at1hgkHz in
he disk: detecti fluctuati.ons in the speed. of
G 575 Hedi SRS privdud r%ecaor?lerf%rlerh%‘geacsflo‘&ly
P @1 ma 1 AGEOTdai et tt e sadid fHAEt UAth DRSovs OerdSud® to
be synchronised with the rotation of the disk; and,

Rjctrerm ithe d aveshevsa tsehanaf vt s st iai Wi Flefreswidel

- [ ef r Cl .
SRS (3 S S EERARE A I growing
prafdtanorasoft Hhec rirgk iandchusiaxy tis sftdw genesagrea - t@stoise

attern of data, it _is possible to generate a test.
A RS RRRTS fort AR GV QR 1 GHRAR RS that

itthe o Hfld i Qf der i dles udivdhathahgndie £ @8te narrow
pattern is witten to the disk, it is spatially

heeydr ddtl bt i1y ddpecipads the aswmieasy of Also dindkt Thi s
neans .t.hat _the t a; can .he ad back d e Si .
iR A R GRS A ' e wien
Okirdittain tfesdquezaidyerdt afp dat & . FaHEeXxamHes swidaad

test frequency is witten to a track on the disk, in
ESGhEYL S &L RFSBRTY tHE 18t 1 aqudiRAPRER R | y
present on the disk will vary to sone degree along the
track, nmeaning that the recovered frequency wll also

be spPieddad eediguyitmllass mfoldcme amusad freasiinigigiation
the._signal...In contyrast., this ect_of the present
g For RPN Trisuaity T e YRR P i tand
taggomodat e the rotational error of the disk, thereby
meki ng the witten frequency pattern nore spatially
correct on the disk so that the signal read back from
the dis i1 J s Thi : .
dot edft w5 ERRUSEEN P b IR A Bigmal 12 1
flagl sional @l taerthedncagiencyl pamet uddd dze argienistar pl y
concentrat ed about the correct frequency and | ess

TS5EEER e TR REIG P Wt diSTen P2 kHfRF s p Gita =8.  The
cdeleglidn@ e ff ldictuald ans GRPrhSeSeliedHdHidk 4 by
plurality of marks that rotate synchronously with the
tdies kyeaghd,. pMbdusipeg 1@ lclsorleasiigienlo fo dtvee Spsiidineg- ttayn of

t he venent_ of .the,detecte r k iid.cl ock sjgnal
At o T et e T d Bk ML a o Hflene
rt@hdlon BH $hay IARGENRAls heHdes a fa®ieid.ed TRid0Ghen

of neasuring the fluctuations in the rotation of the
f@irs lexegrale &ﬁwtrlélfge@éh@é’%l%%%i% g deecribed

RIRuCE; STHE MBI JTBE b antiaaly IRrks d Nate Ans (Badiaca
using laser inter Terometry. e optical marks may be

58t machéd tue achd ndiwsk titrgeltheorf itres tt Herespiemdlye part teorn of
an ther part that rotat with the disk.

RAeCRAET FEY O RemHED iy TR 1 Pk & fork e data
td shd kakane idetnredad vmanetigedld ¥nd richigenrers |y
preferred to have many marks, to allow a higher
diedeiripiionn ang ¢@r@adimon@h e Mydiiran dreduendye
rotation of the disk.
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In a preferred enbodi nent, the nmethod conprises
provi ding the clock signal as an input to a phase
wo o@Raeoboop, the phase | ocked | oop bei ng arr anQPEP1008/055988
produce said reference clock signal. This provides a
sinpl e way of producing the-ngkterence cl ock signal.
Usi ng a phase | ocked | oop allows the production of the
referr%C%l%lc%%Itl%sbqnt WD ol dblids e qisk 4 will
application according to the well known principles
ageverdifegtt ibeogedatliicly off mmasadsacmaia(aqgnalIaﬁzwalso
enbodi_ne net.hod .c ri prodUC| a
KGEF PR OFooPOeR GG Prlm A foad MR BATh &Y e head
ehei 1g metabedewithiz afieiels WFathis | aekethd @rdiRliment, the
osci |l ator clock signal; and, the reference clock
a@ﬁéﬁélleéﬁn@egé@éﬂ@%e@nuéﬁh@gW §5¢a 1sdgse lc|1X¥cesing the
[ cigl;! | agk s I ed i
e
tegttatiban efi ghhé SBS&SI@eﬁb@u@eﬁe@awumh(ﬁhdlneference clock
r.ef erence cl k SI nal . In effect, i,n this enbodi.ment

séAB2dserl| atl G 5By COROEAHEG Efe PFEe It kest

tﬁrﬂg £@chhde et '?9% E?JaQF/SJ_hfg ERARR HRGKS WA U3Etan be
for each, then thermal drift could cause the clocks to

ugedf ttowehrfpefglpamecmuea@madmers ophitels bwoldltd saomalheé9 to
effe f |ntr hase error dn.the patter,

dﬁFFF E%F &lsk gﬁ%@ﬁngoone 8Fo§%m?opp13Fh Qﬁ?tﬁ%rSt

fadyaehage paft t@lihsb&mtle@d Yiaklal Bonalsl @ thirshey afititae
met hod may conprise rotating the disk; detecting

theuBrQRILERSS Oitn GiFE0s5éed G110 SPXEPGH TG thé b g«%ltten
f%&g%flbﬁ}gwﬁehef (€M 8RCe Gl0pk i Q%Imhlt@leagﬁ idgnce with
sai | Octuations so as to be sync ronlse with the
rotation of the disk; reading a test pattern of data

fromthe digsk to rovide a test data si_gnal :

anal§§9H§esz &%ngtaEaFaa?P ffal ugpﬁﬁr Srgpe&gﬁce

pekr@eknshgnabeas ralt bibngshief eherte. +HRitS carkhargement 59 .
rovides a preferred phase | ocked | oop architecture.

Tige see¢tdembpnalysent @0 Reansnt RAPULhE thdke tdrte wWolrdek on
Lagn n fﬁe uen t

B e g L

sugmamtBGHmebbaEedlbypthéldedda6ﬁﬁbhmdx@ﬁ aﬁamyalaglacted

test pattern of data read froma data storage_dis

ﬁ@&PGﬁFYt RéTRel'RYG CONPFi SFAGT Ot AFFAY SRRy &rhékft the
fgéhﬁéhb990E|E%E%%Eb%n%o'QntH%t%&%%élg%erQE%bh%&cgf (2§

di sk; producing a reference clock signal in accordance
Ini thesprésthtceuamnodns g0 tasabd ebeymyhelsisrwirs@d vist wsed to

the rotati i sk; readi ng a ttern aof.
SHAERPF Fo N aoti SR, S BB HL. A0L oo P iiat Aot GHAT: Sdq@al 59
agfakysl ggnsabdctiesredakacy goakrusiced ttI@e ar efigeence, where
clock signal as a timng reference. By producing a

thef 6igRaé ScPEEk NS KgRal Nt REESrs Loy RERESNtEEd fieanepiry of
ih@bgblan el chiae il Skaand skagetl) o 18 203LKTE Hifichesiser
test data si i's possibl'e’to account or aflow
canrbélmcnkadlonsalswehp gehatraaprokot he dioskentierm a

readi n bac the data. This makes anal ysing _the data
SRErE-Cnare XAAS Ao gvss t ReBLEOFRoSbEet HE osereet:

For exanple, where a test frequency is witten to a

track on the disk, in prior art arrangenents the
recoﬂ?beeahﬂéif,teddéteatsdgﬁal sigadlf pémishéidicsked by ba IF
£ Eh0 b8dL8ug i LNEALLHELHAEERRE o AL LRLST TR
filtered signal 62 is then sampled and digitised by an
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the recovered frequency will be frequency spread,
leading to difficulties in neasuring the signal. In

waeomsnadv4 this aspect allows the recovered daPEI/ERENS/055988

signal to be denpdul ated with the rotational error of
the disk, rejecting fluctuatiims in the speed of
rotation of the disk, so that the analysis of the
S AN d eadl bagk- {1 %M@reélsk Aht) De. |e§1§e3«£18@1€eé3 for
frequency spreadi ng. This neans that detecting the
tfh@q%m&ﬁ i e tdwr resdl bamk tsh@rnaetfwdamc@ecmcnﬂplselglael 53.

oS STt DACT IRy a1 B8 SprR i Thiv Sk op
sgfn@d@ﬁwém JTBYh CEHITY d15Er SR L4 um@@}al ¥ Bdigl Se dféEStt:he
ta signal. As discussed bel ow, the present

A@Qawgé@memd hepoTparhe IR EerenRart by@s swepalistd & a timing
and FREASULEIEBHL- tESLS Ji‘c?cléécgp?gf%ﬁé’e{éfé%nce

ana yS|ng may conpri se conver i ng sai

cligrals tgnan Smtaa{drmb atlee fsangubemysbgnani xb Hgosaddced by

test _data signal with a sinusoidal n gener at ed

e fPSsat Tertiehde %‘F‘b‘?ﬂ@ﬁéss%‘f??%’i% ‘?%? e‘f%n]%ﬁucﬁ*llﬁ"slons
& rangensc @l Qe dhdmigsiacgurat e super - het er odyni ng
operation to be carried out on the data signal as part

of aspectrum anal ysing test and all ows the spectrum

anal yser to ecome. nor sed t.o disk s ed The. st e

of s)éﬁ% anat ysihg l@yéi closnptrlllesre Raivp |ntgo an 191681
Siggidl YmgddigidestpIt a e g3 usi g Birst-in-first-out
anal ogue-todigital converter that is clocked by the

bteff@rerﬁée @T <X, rﬁwsseahmtft%el@%%ﬁf@ﬁf%n%@y%@ PP

sgi)%"&!}?? Eé‘«‘é’e % ed NS LB . The FIFO 31
rrangerrent can al so be used In a spectrum anal yser
difeftenedrIiyorles somecaartiadl fofr td'ms&pmg rasyraciat grsdiss clock

igitally. Accor oathir ect of. the present
JHHATE TP 6 1S STV WO B iy Bfocessing
ddifde WO He@ Hata il agieyhiskeyedi thaanthd® sampling

read/ wite head, the nethod conprising: rotating the

feskIeTHBt 6t | e fmtaﬂatﬁcz)rﬂgmrrp\tehetks@ele@@fcy Rattilm
| | i
accyéaeance Wi ?J{wh sal dﬁ‘% Ct{eﬁéﬁ(%%gog (%s:r}ﬁ%%i%%’a digital

dnmn—hmmaerbm I ithieh atede ioreftiidiesatipsked gelpiat i 61 from
t est (gattern of data using said reference ]e%éock

té”iegr?ﬂ sl A% e F/ERAVSHET i TR tHER HeRE) P4 to
LipLdalddp §1hfné3fL g6 Mt they headhn g Lo tde teassed

pattern of data fromthe disk with the head to provide
Ehncexth datlovsigprs ;fidihr arval ydw@ smmls taa%ta d%aEtvé filter.

usi,n reference cl atimn
Fsle%g'ﬁé’rfc h#rﬁt]gﬁb oeifﬂedsesqr%\alrmg)?ée lagc Sfﬁe rFe? Hod”Of
deasddg By Utidic ngedmnidedreitwdsowtascin badtk aboyreal 8, so
ref erence cl ock signal is used both when generating
e gdtitsergprofoaigterarsiask o G avrd He dilsk user -
conpensate for fluctuations in the disk rotation and
al so when anal ysing the data signal read back fromthe
di sk gimcomjengdi® deorp Ifing talatdlorss i:rs tdmrldiezzk from the

Uik 3 TR o B P DI S
n
%dﬂ&{ Yt dirclgidigngl e dampled f&gﬁﬁf@%&&dﬁéﬁ by

signal being provided froman oscillator clock si gnal ,

tttiee 20%Li24 arureasisodie SIuRTHlY Renapdiodll dued-a rfluctuations
rda ewth t | uct yatj on

& o?cg'{ r%ctaftjt%n of%kﬂze W %(a 4 SI‘ﬂlrE tnpe r§soe§1dat the

spectrum analyser 20 becomes normalised to disk speed.
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production of the reference clock signal, wherein the
sane oscillator clock signal is used for steps 1 ) and

wQ@2008/14Jdo4 t hi s arrangenment, a single oscill at oPCT/EPIIRS/055988

is used as reference for the entire testing apparatus
rat her than having separate-qgcillator clocks in the
apparatus. This avoids the effects of thermal drift
which typically arise over tinme between two separate
cl ocks, and therefore hel ps avoid a source of error
ent eNomg thied esypst diedsotdr averhen iwaysy datwhiah ttie

St A8 RSNSOGSO o

FloRv eidein@le ,t Helse da¥l rfo\dedead iarpaitad usHd angenei@td bk 63
a test pattern of data to be witten to a data storage

faogk thsd r@herenace SHiafk stilggadp Par-atiie camsn diefgradyning
[ I a r
UL o o 92 A i IR IR san
56| skThaspraacse:smrs athreargetdto tmaxdttdﬂa sanefler®entienal 64
ck SI naI in acc%rdance with said fluctuations so

oge Yy i SCeéd R HFe TRBSTGY SPRIR d% ue to

f@'&@tu@ tg@tntse MR GeRENJIQ i J0edd Qiasher ats @ dgest
pattern of data using said reference cl ock signal as a

noiryiedd sesf dhen seecAgtoY ¢ined viseTa X ftch disyrectoasfd t he
present invention, there is provided apparatus for
analysing a test pattern of data read froma data
st or age adidsk ivedi HAE dritd mappar Ftids reOMYr itHagiotdr
spindl.e for rotating a said disk; a detectorarranged

Cpata@tlé@F AOucPB4CPorS IS athdos FoadF ot tdeatiadRtden 1pf the

d‘_jLF§k4 a;igr %‘i%%%% &y, anged R Brduee & JLHEY eNER same
signal in accordance with said fluctuat’ions so

oasifidatersyicluharti sédakst lthieh@Liotld).i oTroftitilse wdivsk;a a

controller rrange ad a test pattern of dat
SE PG RECALIR s Bl ge i dee st Sheh @ GAlistenas taF che
eARa¥s ees@h hgNappdatra tarally 2@ &%Qh%QSEhQQI%a&h%@a%eparate
using the reference clock signal as a timng
Oﬁéﬂé&éﬁ@é cAesedilng the élps?la%‘taﬁuéspeérﬂ'llﬁ aviod dsr ddent
[ [ r-Qv p t £ ki

<rZEERs 2T shREhEL BEE KTt U Rl el thoRRs ana

theaefotrict cheadavbhie appauatcds oforgariosi rRErtearisyy Mthee

for rotgti g sai d .di sk det ect r rranged to
SY&tELy g‘tfﬂ’gﬁ%%ltﬁn@héast&eé& 185 on 2oC phen

rdbdkngd) bBE:QC 88806 naNLanged i@ P rf%%hc e ek&r ance

cl ock signal in accordance with said fluctuations so
as to be synchronised with the rotation of the disk; a
patt%%lns enerat gn arranged_to generate a test aetrtern
of dat'&°Usifhg Sg d PeFer 85‘@5@& ScRk tsgHal s SRl
cleter engealasgorthobeensae asged thoivg tx%fre&r@ntc@stfor
pattern of data to the disk with a said head, and to
aggpyeanenthy tegd deteseigaed PPom PhEed] £lTHiSt Brehe
pBEadntQ BEBKHATAE baSkrdabRoslgaRlpaand, an anal yser
arranged to ana yse the te P éfata Si gnal usi ng the
reference clock signal as a timng reference.

Enbo s of th esent invention wl|

doscETBBH By 00 CERaRprs et AT ene R B ren
daseerpany wignhdpawAgs ] akn refeelnckl g ent shewples
schematical ly an exanple of a spinstand according to
idhueihediedent Howveviee  pi&swnt i beeaprbseciangdricgate 2

vEROYR 1 3RACIRY £kl ¥i30 c$XAIPLS, Obe?nBBEC L The examples

described within the scope of the present invention.
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anal yser to be used in conjunction with the spins tand

of Figure 1 . Referring to Figure 1 , a spinstand 1
w@ommpnixes an airbearing spindle 2 driven by aP@DEP2008055988

to which a disk 4 is nmounted. The spinstand 1 al so has

a head | oad nmechani sm ( not §q%@n) for holding a head

gi nbal assenbly 5 and positioning the read/wite head

6 of the head ginbal assenbly 5 over the surface of

the di sk 4 such that data I¥E written to and read

froma track on the surface of the disk 4 . As

described thus far, the spinstand 1 is of a known type
1. The spithstand behasagingser tersdodert toyst erh Wata to be

associated with its spindle 2 to allowth sition.of
WERECERT 1l & 5908 BEIEC SEaTy "R b g
mREhBEl pbeprekiag:aser encoder system 7 are generally

wel | known in the art and therefore will not be
descirpbeding g&eaidiskerein. In particular, suitable
'?Se&e%%%%§§F %ﬁ%k%%%t&o%%v% b%ﬁ%‘gﬁéﬂd”ﬁﬁiﬁé%éﬂf%ﬁ of the
wi t h°§ervo track witing nacﬁines, ere they are use
dtigkal | ow successively witten servo tracks to be kept

in the correct phase with egch ot her wit,h the

neceRERFFCAING 2dEGEEE B CaEd O ke ¥ L M@ e rith Ay dance with

shk kefri ukheashiond! goh@% D SRCedRIchyeRig o6 valdaahrd

thereto at its end opposite the disk 4 . The scale 7a

rovapipsesfa tiief Bigktii @mdgrating, i.e. a series of
transitions.fromblack to white, ranged in a.rqin

posl EFBREATI8%08 SonteRLienn Of RS Ihiarsf gl Mererence
c3$pcRdkegRal Hkeke tam@npl efedicakineaat | east thousands of
such transitions around the ring, and possibly

mllions of transitions. The transitions preferably

20¢CUh HethoAn 22Nyl 3l sRackng atmdiherd Redh o
grating |nterFeroneter 7b is mounted to the spinstan
détkot ingadieg filhe tsealionza comptrtisespi ndle 2 . The

interferoneter 7b_has.a | aser (not ecifically shown)
whi cf?‘e%?C&ilpgc?teblﬁ?&JTtP(eo cg'l(ag%‘fa %alrlog'\ﬁtt%e
sihaRsbhboRs i iithe tsealie ska tadhe detected by a
detector (not specifically shown) in the
i nt epefurener a7slaskt Kégnady €oFaSSPoRslings &0, ghe mgvement
h [ <€ r e - r
of ks B TR eaRRNS, | AT Tl SIS, DL TR T che
pebdadet oai gal-hel ries epasised cloctptsiigalalt.i m ng cl ock
el ectronics 8 which are arranged to process the raw
encoder signal 51 to produce a processed encoder
381 gnal peRnble AbeLPRRh A 6! @ak 1% gNalccrdrWRASR @HYRA ding
correspond to the detécted transitions of the Scale
the. clockhedbdabe asoted inlpatt ¢ohér pdasendorkecs lgap, the

ossi ble.far .neasuri.ng fluctuations_in the rot.ation of
oPRERteR st 1P Branm & Tehy L ate TR 58 1% rasagce
ctleckheighsk .4 or any other part that rotates with the

di sk 4 instead of being attached to the spindle 2 . It

IS not necessary to use optical marks . Magnetic nmarks
can Qe [ f qr nred ~on t he
Surt g‘céﬁgg?‘gﬁéggi ) t%hg?lé’r %ﬁ%?iagﬁ‘gw L5 P ed o
camplrdseénigoecked | oop (PLL) 10, which produces as its

out put %_reference cl,

produ

K .
cing an osc1qiator clock signal from an
oscillator;
the disk being rotated with a motor that is locked to

the oscillator clock signal; and,
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signal 53 . As will be appreciated by one skilled in

the relevant art, there are many ways of inplenenting
W@2008114200n1 y one way Wi I | be described in det aPCT/EP20081855988

foll owi ng. The PLL 10 generally extracts phase

information fromthe clock sikhgnhal 52 and nodul ates an

oscillator clock signal 54 froma crystal oscillator

11 with th hase i nf ormat.i on .t roduce the referenc

ol ock IS GREFISRCe HoEN SIgRHa By Flediy Tate (e re the

oefienancs 10k Highall 53 nd o diedaidore dierdbackyd00meing
In this exanple, the reference clock signal 53 is

mioidiud e tgidy ilde @ AP ralagion ae-thy thee ddmcadiualzd ang prbilte speed
I Vi .ref eren i.gnal. 55. Thj I_\i:Si.0

ot ERIATATT & e TBRrR it a Aty by TR g hience

cSioghals i9halThe cl ock signal 52 and the divided

reference signal 55 are fed to a phase detector 13,

whi ch determ nes the phase difference between the two.

sthe phase rdid I8 eReA yisd ngX B @2380 AR 12 AL J VRl L Al ¥ From

detector output 56. This nmay be optionally filtered by

aa deitlet ercorégeo dimspr oeelitue Fédvef ovarrdoce asfmptthies iPId: 10,

as is known in.the.art. This filtered signal 57 is

pr ovit 53%ﬁggét@5bt Kfodul ator 15 as a control signal .

A veelRledragly aielctlathasst e fidd errtsidnalotht iam f the

first input. The crystal oscillator 11 produces the

das&iil | ator clock signal 54 which is also fed to the

vect Gro??l%liln#)%r rerer M@ eV @61k At O I dordance with

arranged to ul'ate the phase of the incomng

sedd Iflatoanasiigpnsl sd as0 tichate tslyegihrasd stid fwerdndagne

bet ween t he ?%%ide reference clock signal 55 and the

TOGER 0% Grralt$2 Hefiived fromthe motor 3 is reduced to

or reduecrddt QWRIAS 2Rt erThéT Aatef eneRcand etkisiwnal

53 is generated that is nodulated to take account of

pirioy ifdeuet tr&@tsitows tian stilg@arlgt &micon of the disk 4 so as

to be_synchroni sed with t rqt.atiqn_Qf. t i

Now, SEEHTRRET SrIgk St GATes s thiade By Sifhaeibyence

dle@w s gusiln@snar rawiband gfewemndeasur enents. One

suchtest is the so-called "overwite" test. This test
involves writing a pattern of test data having a first

6l.r eque H@éhtogi %hctc!o%‘éin%” doNe18iisK 54 Wrdrdihe diRAd/ oM tgx
head 6 , and then subsequently overwiting this first

deatetcerimonitiie &lsedord ipatst @ompafistesst data having a

different frequency. The track is then read hack with

t he %@gﬁcé:l,ngaﬁd &K‘é%ilgﬁalﬁoﬁ\agi e %iast &rdidsed to

sTRRSIHR JuRE v sittuaheSicarad; pever of the overwitten

pattern at the first frequency. This is acconplished

by apFreduewnsard HeskusdrBRl SPITERIeEised Dtiithgovement

offI "3l fd%%%%%%cdy malrtksI S 48 rcﬁlolc:)f{ %e_%;'nra blb%itr{«;;ahsté?ie.i the

nart ow band nmeasur emeént systemis operable over a w de

pirogigiderion oEnghaenirtdf qgeodt o edaldit isdned .as to be

flexi ble enough to work with different frequencies of

the data patterns witten to the disk in testing. In

P acti GRciRdd YRR NG HYMARALY $8" RmoARRARR! $roviding
simlar thereto is commonly used to performthe signa

thmaloloick sBeradsest ke rnesiududlo i giglspiwekest lidew, the
irst .fr o tt.ern_i s _gen 1y r tivel.y. g

et AR IRP IS BB T DG Y Berence

Aok GyvraElc range in detecting and neasuring the

signal. In practice, this nmeans that the spectrum

anal yser needs to have a | ow

8. A method according to claim 6 or claim 7, comprising:



10

15

20

25

30

resol uti on bandw dth (RBW for this purpose. As an
exanpl e, next generation spinstands are specifying a

weBWwsaioaown to 10 kHz. However, due to fl uct urCT/BPZDOS/055988

the speed of the notor both when witing the test data
and when reading back the test, data, the frequency
content of the data signal ultinmately read by the head

can be dj storted and ead For .exa or a
Co Bl SRR ST B case
ddena avys.d be an error of O 002% in the frequency of

t he neasurenent signal (i.e., 0.001%error when the

pat t é?rl'h2 |®—S\Aﬁf |h€t1é¥€{ W@@WA%W%OWQ hies p@tleed to
NN ST isapplied to a typical
Wi tten]Trequency SI gn ]T t he read back

frequancyrafiddersae rgl duk rmr@at]hamﬂr(g kitnéra tdd wois® the

case.. Thus, it is becgmn | ncr easi nglgloé)r obl ematic to

qSFH T £ 1Sl (Hemals Tk e being

AR 1§ dlo i & v&ocm erqéN' ﬁlm@&%elt&r?s S el Npeeq

of the frequency. Furthernore, this is a grow ng

it ofslterhiamn tdfe theentiskn irhether tger@ﬁadrlqrheof the reference
i gnal -.to-noise ratio of nodern heads 6 to becone ever

qaé%g? Sﬁ%]fﬁi'ng that it is necessary to further |ower

the width of the narrow band filter in the spectrum

anal yser. Al so, next generation spinstand equi pnent is

Fexpedt & D FGGRTEIIG Ha Y tQ%rF]fqﬂéféﬁJeﬁwc%P  ypherein

Incr(egaéé ngly 'né%ggg% &Iﬁ%}ﬂ%r or eqw va el%mg said

tersabldats caused by fluctuation in the spindle speed
arise in other types of spinstand test. In one

enbodi nent, the reference clock signal 53 is fed to a
1AL t & MgenR! Aokl RNt dsatas B tWHE K efie eNe® of
for generating a test pattern of data 58. The test
sestcttarum Ginadatsa 88 qosnnmeﬂes/vrqqm@rtt@q Hee el stke~°413 Hata

t.he he t
UG & e e e T SR & Fr i
datd ke gretlattiah @f stﬂmgblsiam s:sgﬂatﬂerﬁrm:ﬁatraﬁumadxg said
Thus, when for exanple conducting an overwite test as

T SO i 2% i $iMEdhiTRfEGenerat i ng a test
pattern of data 58 may be used in witing the first
frequency pattern of test data and/or the second

Iflr.eque ezt teerqorgtingesto datein @ t adisikn Llia draterof

ate .the probl ens. of distor.tion d,.s readln
B A o QU e T UGS (B0G it A 110 the
de@itatda fidhe disihgt a ldnalsmafdedi diten T idelidater
of the test data signal 59 (also known as the head

tiagndls sdoakes s FfRIesie tHedead 6 . To
mtigate the effects of this, in one enbodi nent, the
anal ysis is perforned on the test data signal 59 using
he refrertdrece of oxéstgjr@adt SReas aortd Mg roefter ercerage

t.hat thetest dat a si 59|s emodul at ed ththe.
R Y A R RIS E gl i R GHALN L TR

an oveyiwHitRy test .qildud;s techni que of anal ysi ng the
test data signal 59 can be used to perform spectrum

anal yosi teeadni nice il uddtua tsliapisal i15 S htep sitasktof o adsliadualf the
nal power of the overwritten first frequency

dé ‘ern of test data so as to further mtigate the

pr oblpRufindi st adficerny Spytadiitghaafl ihedwdidseite with

freguency when it is read back fromthe disk 4 .

5 i rfe UE BRGSO N S &l &1e SRt RATs SRy ferth the

rotation of the disk;
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perform ng spectral analysis on the test data signal

59 . The spectrum anal yser 20 has an i nput stage that
wWowrka420m4 t he " super - het erodyni ng" princi pl e. POT/EP2088/055988

the test data signal 59 neasured by the head 6 is

m xed with a selected frequengy sine wave 60 in order

to frequency shift the frequency of interest to an

i nter j.at.e g I n-t r

2t i e e A e o (SREN Y R Srerence

ddesik ed Jreggueney Gitnirkherdfsterttad 2 si gnal 59 and t he

generated frequency 60 are fed fo_a m xer 22, where,

The SITgaing drte rhsesd Rat 'reerot PR 150 { FS fiEghenty? the

Hfad.nterest to the IF. Aternatively, the tunable

synthesi ser can be |linked to a sweep generator so as

t o perdagtima Epedieumaiee sohctass frém eguendysk with

range of .interest. The shifted test ta signal 61 is

Y At ) P99 19t DR SR Ly od

het erayiRidichd aneisa ddix fddteretynsd gnadi62 tise theference

sanpl ed and digitised by ananal ogue-to-digital

daflertiemylARe) R4 1Y IRV For the ADC 24 is

derived fromthe reference clock signal 53 . The

reference clock signal 53 is fed to a ADC cl ock

19y.nt resicsdro@ maduchi rgensy atlesira 14 ockhestrainal ti6S $toep of

t he ADC 24 based upon the reference clock signal 53 as

L RGTHIY rté"feerfg]ﬁrh‘qetpuaﬁﬂﬁqst HBCE 221 s cl ocked by the

r ef ereNcg-al ka%]ﬂfﬁili%ﬂﬂﬂr@r)&@ﬂ:m@@aﬁégna' 64
produced by the ADC 24 rejects frequency spreadi ng due

s dhngorutlivonst thh thee distlat ianrdof the disk 4 . The

sanpl ed signal 64.. s .then sed el S|

pr oc erQ%ug&(&@ Cslyoscfkerﬁ .aalZ T s%?%@#%iﬁ%u‘?gg%ovemeﬂt
Jrufdier FkddddOmadrkdisethiad ¢k npignast dgeid® ddwed OSP the
system 30 and receives the sanpled signal 64. The FIFO
PYPPEHGR Ny 1hes 1RGO UK 88 hg asynchronous

cl ock domains so that the DSP system 30 perform ng the
processi ng can be clocked at a nuch higher rate than

ltthe samsilngl faeguethioy dfo tdie iADA P4 canpmisiove pheviding
|.at ency .of the anal yser, 20. The DSP system.30 SO
%ﬁﬁ%&‘s S Y FowrdEEEnver 1P %%‘H“?degfe‘?%'s the
e s amied sidiplpdih ¢ raamddped| O do@ngke theid reference
down-converts the sanpled signal 64 to a baseband
FiqfkalsigBalrhi s baseband signal 65 is passed through a

| ow pass filter 33, which acts as a RBWfilter.

Finally, the filtered signal 66 is passed to a power

det edt aretIhd wiadrdieas wesarihe hovkeingn thecsighalwherein
66, so that this can be recorded or displayed to the

Hestey il A VEEES AN TG T cREBT Y XS
ddig refel encg Ll ock signal 53 nmodul ated with the speed
of rotation of the disk 4 , the sanpled signal 64
produced by the ADC 24 rejects frequency spreadi ng due
to fluctyations in the rotation of the di 4 .. This
and* tnheg_ta}lq(ﬁeacs Oerc(ilrnlﬁn Sh aﬁ% eorf:oﬁ)l ler%sgnléi; tn% rlrr5&’l i sed
donphtisdd ripeed. Nonet hel ess, there are other ways in
whi ch the spectrum anal yser 20 can be made nornalised

to dildk Bpedtisikdeimamttetehdies MtAderitathgt ¢ Hecked to
gég%siﬁripﬂa{{& C(Ll% (%lér{glm thesreference clock signal
, L 0

e super heterodyning frequency 60 can be derived
from2)hechreefrerfenomad orkoi gniadndlB beifly salsmtad udieng an

S S LSS ST AP B 1 s

ddg Tl 1100 icdherthskedn @ SQictuations in the speed
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normal i ses the spectrum anal yser 20 to di sk speed. In
addition, referring to Figure 1 , the notor controller
waqosmoeh is used to control the rotation of PEEFERI08$055988
4 , is clocked by, or otherw se | ocked to, the sane
oscillator 11 that clocks thg,PLL 10. In this way, a
single oscillator clock 54 is "used as a reference for

the entire testjng apparatus 1,2 0 rather than havi
oSeaEAEaoas ) FHRoRLoRodks (T ERESHATIER G4 TR £efttence
«a¥eids ithgieffects of thernal drift between two

separate clocks and therefore hel ps avoid a source of

er r owheneéni tet kemsy sseml Lol wheskwsigngg da& asesl for
%he dhik 4da2§ when readi ng back and anal ysi ng dat a

Str8mh the®dPsk’4 . These are only sone exanpl es of how

the reference clock signal 53 can be used as a timng

reference for analysing the test data signal 59. O her
17 or MBPRPEASHSS LB e IGBFERTILRG 6n LERE BFNGRCR i0dn data to be
widRedhTRAL S, Bhebhe cBEasRNtILAYERIIOh RYe di@Ing, che
escribed wth particullar reference to the exanples

apbbustuat edmpkowewngr:, it will be appreciated that

vari ations .and _nodi fications nmay be.made to the
exanﬁléglagi@rﬁ8§drﬁfﬁ %t fe ® ggpgl ‘t he present

i nvept gaR eCkAMErtansAdmebhad tektggnelcaiiand ot €3t the
pattern of data to be witten to a data storage disk
speedumtf spteédonngf the sdskod conprising: rotating

t he disk; ti Luct uat i [ h

ot ati BACSFEPRE g eprobl B PERRLoR P E TR (c1ock
ssygaal ihnaacoeddanee widithh sedidd fflluettiadtiiomss sso0 aas tico be
be synchronised with the rotatiqgn of the_ disk; and,
syBRBraPLA§lavE et th&t £OMA P atgﬁ Rg & @%%f er ence
clock shgRaknageRctbibRd areheRRC o denchaRl ROGest
according to claim1 , wherein the step of detecting
peheetrhuofudeitensiséogpsipdds refgageace 9g ogkplstomalt ypsofa

mar ks that rotate synchronously with the disk; and,
tbP&aﬁcFﬁgegegFSCK si gnal corresponding to the novenent

of the detected nmarks, said clock signal being used in
the production of the reference clock signal. 3. A

1f%et hoBPaEESHE RGCOEIEREI FO2 CLadBnpr/i siCRFDFESViing t he

cl ock ?iggagiﬁg a7 ARyl 5o2,RRased edd QPcHRBous1y
phase focked I'dop belng arranged to produce said
wiehetbrcdicekockhsi geader bdeing metraodedc cor dicag tsaiahy

of claims 1 to 3, conprising: producing an oscillator
MREEEKk signal froman oscillator; the di sk being

r ot abedewblidra afRbeheihab byodReked a ddre saggidll at or

cl ock signal; and,the reference cl ock signal being _
cgenesarading g the ssviemeatoricltédek dsitgraied freks, said

scillator .claock si | .bei [

TREK PR PruGEIae SRS AT ret BELHBrtn Be S f it ence
cdbsk kAghbe .generation of the reference clock signal.

19. Apparatus according to claim 18, comprising a phase
locked loop arranged to receive the clock signal as an
input, the phase locked loop being arranged to produce said

reference clock signal.



5. A nmethod of analysing a test pattern of data read
froma data storage di sk nedium the nethod

wa@ommpniddng: rotating the disk; detecting fl ucPCHEPIING 055988
in the speed of rotation of the disk; producing a
reference clock signal in accgrdance with said
fluctuations so as to be synchronised with the

rotation of the disk; reading a test patter.n aof, data
261 omPPRETHIE P6 SRO e & (st ata B GHALT A,
gk ysiing .said test data signal using the reference
clock signal as a timng reference. 6 . A nethod
accordi 0§ ctid leltaimma rangiest dion prieslustee profosdiitld@tiay clock
t.he fluctuations conprises : detecting a plurality of
&’ Ks 't hat rotate synchronously with the disk; and,
5 producimddor @heek isi ghalane@d espandiatg: tthd kil swarents
of the detected nmarks, said clock signal being used in

Lok egh G@udico RS tlifd Fefdsifc & 16k signal . 7 . A

et o AEA0r U0 b RIAIJR G5 SATRIJS N RIAMMING difte

cl ock signal as an input to a phase | ocked | oop, the

reifaserioec kdd dkoep doeilngisamcarded aseiprledwoe slaiak signal by

ef eren cl ock _signal.. 8.. A.nethod accordi.ng to

CORAC IPETAIThOFR, SO {51 % Pt B . 2ccordance
10 was® It on Wegk iggnahn fdremspres @ djrtidhedigie disk.

being rotated by a notor that is |ocked to the

oscillator clock signal; and, the reference clock

i gnal g [ t | ek
2§Li'gn2'|p, %I%Jﬁggloss?ﬁ%lr %E;%ﬁﬂé 6ck % Egeﬁ%s%geqt%ﬂ{m ul at ead ]fenad
faeeold@npaa \Witdraldke Filstc tmeatiiams the tdppas@ert afomprising:

rotation of the disk in the gegﬁ%f%%3350f t he

r ef ePef@dHNGCK & GirdPting 3 & ccording to any
15 Of claiglherddd rraMRIPity e ieF 1Al tidNdn the

conprises spectrum anal ysing said test data signal.

speedA afetrtode tdcsorcdi idiet dliglkai m 9 , wherein the step

of spectrum anal ysing c ri ses gconvertj 1 d test

dat a PSS a rirl’??1 e%c’alper Fequéncy yrse%c% nchOCk

sSaind 1t ast a@ricr Girgeakyiw Rad Bifusaitali signal as to be
generated using said reference clock as a timng

syacerends e 1ith fbeha® taddemdidly % GHéifm 9, wherein

20 LN Sl ¥Rl RRG! LUPARAY NG LA 98T ARl Hdiata
di gi ti sing the test data signal using an
fanal adue-dickditg talovddiry er trers tt Wetta ssigrmedkedrtyy, t he
reference clock. 12. A nethod of testing at |east one
of & PR 6 T O T GU AR S a0/t S tidd, onal
U8 gTetHod G R odkOlalgmRa the ditskii rdetettdithce.
fluctuations in the speed of rotation of the disk;
produci ng a reference clock signal in accordance with

aid . fluctuatjons. so,. t ronj wi.th the

2> 2?01 at P o6 & éﬁosl‘%lg‘ ézl%at% ﬁr%)ﬁgcztlés? ogfg%qftl\(legrl;r&o'f dat a
usi ng gAaiutalefer erfc enaalikec kryagnrald a» adtiatengynchronously
ref erence;

with the disk, the reader being arranged to read said
marks;
a decoder arranged to produce a clock signal
30 corresponding to the movement of the detected marks, said

clock signal being used in the production of the reference

clock signal.
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witing the test pattern of data to the disk with the

head; reading the test pattern of data fromthe disk
wowaok/143ee4 head to provide a test data signal; BOTEP2008/055988

anal ysing said test data signal using the reference

clock signal as a timng refepence. 13. A nethod

according to claim 12, wherein the step of detecting

the fluctuations conprises : .detecting a pluralit

2rar k SPPREE G165t %&O&ﬁ&% gtr?ofﬁa;}%'c‘{jh t oéﬂrpils%ngan%,pq{ase

1RICRAIC 1B A 2GrRelges HRlr L iRkes ROHidIBdlo il amD\esmenit

of the detected marks, said clock signal being used in |

imkper tpr ddvee Phass cofl adked diasieaing celkc adidfthIto pEoduce sald
hod accqgrdi,ng, .t | ai m 13, conprising providing the

r%l%tgflgnﬁegncaocé{s%éﬁ?}aﬁput to a phase | ocked | oop, the

phase | ocked | oop being arranged to produce said

reference clock signal. 15. A method accordi ng t.ao any
25 CramA TS GORAL G dith TH6 &4 dR DTS v 17y

iy .Spectrum anal ysing said test data signal.
C%%E}}f&srafet 1od according to any of clains 12 to 15,
conprirsiosg:i 11 At drherdisgiodski ey Drstcital ay @B Giotlertathatlock
i.S ngked to an oscillator clock signal; and, 2 ) the
S ence cl ock signal being generated using an
osci ld ad¥orcliogk sigratradd asciddady eoakisit gnad is
bei ng nodul ated in accordance with the fluctuations in
Ias&keshaaddhe st I e tHO T IR %he generation of

the r fetq:re%r}lc%h %%éé#’??ﬂs’iuégg%{ﬂr{bé@%é%erate th

osci |'I'at’or "¢l ock “si gna for steps 1 ) and 2).
rEEerdppay atlusl arigrerlenatimy the estcipatatwrm ofodkatsigml by

55 LS St 8 0rA0e ok SEn L0, ol M
it skl A Gaiey @ rangehda det eedrdd st upt ions disk.

In the speed of rotation of the disk; a processor
arranged to produce a reference clock signal in

cordance with said f| uat i SO & b :
%nclﬁpaﬁ%etdl%aﬁcaq%delr}%fg a iaaoﬂr?p gff tcglea{jl |Et’s%;1 :Cnod,24a’ wherein
et tefal ygenerial oirin@nRyes tapgenamatanal testsgial terst data
of data using said reference clock signal as a timng
SieMérlence. 18. Apparatus according to claim 17,
conprising: a plurality of marks arranged to rotate
synchronously with the di sk, the reader being arranged
260. r dapbasa harerdeo rdimal énpdelraian rangedhexeigt ddirweanalyser
cl ock signal corresponding to the novenent .of_ th :
Ci?é‘i%’tsﬁf’g ks Sl A BHEk 9 gl Bet nsgalu&se%esft% C?%tea signal
¥ QUG - a thes refanencs, dpakisignadaidkest data
Appar atus according to claim 18, conprising a phase
Siamiedd Widdp aargigntpal dal rekEiadk 9Re@d Rk S ifhIsHES an

rlsegleg#énég]eclpc;@?eaé ocked, |.00n-belng,arranged to produce

27. Apparatus according to claim 25, wherein the analyser
comprises an analogue-to-digital converter that is clocked
by the reference clock and arranged to sample and digitise

the test data signal.
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reference clock signal.20. Apparatus according to

claim18 or claim 19, conprising: an oscillator
w@eeoanggeo4 t o produce an oscillator clock si gnaPCT/ER2008/055988

notor that is arranged to rotate the disk and is

| ocked to the oscillator clock signal, wherein the

processor is arranged to generate the reference clock

gnal using the oscillator cI k SI naI e

e Bt D ders, G R Hy. 19 oh st aanEerace

M nide ek uatdiad s e ithe }&E&Ed @ffle f&é@it@@ugf t he

di sk. 21. Apparatus for analysing a test pattern of

Qe rsdgw f rom a dat a storage disk nmedium the

apparat s, réds rq ating a said

di sk; Sli)dle ecr%OofrOfa&%jatnagé%% ”def%%%gt ]; uctuations in

t he %pemteﬂtdxotaaiﬁang@i thedeisks Blpecocessats in the

arranged to produce a reference clock signal in

et tiP T Frdidii ons so as to be

synchy oniged Wiyt hy 4:he S 08 atd gn-Qdudde; dféferé‘nce clock

controller arranged to read a test pattern of data
sfmlthelcacsdondmm&)wzo@ asataerétfblatwngwm sans bm be

anal yser. a d t.o an se the t&s ata SI gnal
Cr%t ctéjecl%qiay a(?fa C?

referaery‘ae;t&%l ks aa_emgﬂé@gtcs Og@ﬂl@fméla test
corrprls:%% plurality of marks arranged to rotate

gia,ﬁa«mqawlrt%esw%kreﬁwr%% OHei R+ o) e
2% 1", q:éf_aél%r{@éks ; a decoder arranged to produce a
clock i gnal correspondi ng to the novenent of the
det ecat enbrrmrddsﬂ,ezs&intaﬂgmk 15¢) g/mra:lté)etth@ used pattdmen of

roducti‘%A dilrﬁt]g% erence Cfge?q-fg a%% ?%%Ag aérg%o ;> read

AT ANIL LD 1R601Me t&heslglv@ic&@l S&mqheaa& 28 pAPH de tderest
phase | ocked | oop being arranged to produce said

Jedfeersgrarea Il quld si gnal 24. Apparat us according to any

of ClLoL I ALIG. 2R SO 81 N ALOSCIL | LAY B L2908 e

to pr BdicE " OSCI naI

wiranget trefatdaiee tdfﬂfbcdt skl i s lockiaii tdBerence.
oscillator clock signal, wherein the processor is
arranged to generate the reference clock signal using

Ade ﬂaaéﬁ %%@g@r@i dya the @S%érh;%i’én?&mk

Si gna el ng I n accordance with t
fl uctaJaﬂLmaslmtly tdfe I@ﬁ@j aframged i on mtétthse wmr@musly

f cl 21.to
R i VBT i e T TR Gral SR S G et
ndaties signal . 26. Appar at us according to cl ai m 25,

wher ei n the anal yser conprises a mxer_arranged to
conver tdeidpn estranged siqiodurart | ¢k @t et Ftal

[ t [ .
Cfsolrrﬁrgesg{bgydfl% naa(llﬁgeeﬁ@dr‘g? egééusﬁg%gﬂls%l%@% er&eﬁ%%]% ociald
A ck tdirgredl rlﬁafr@nmd 2 Appasraddisc aionorat nohé aceference

cl aim 25, wherein the anal yser conprises an
FIE-di gi tal converter that is clocked

30. Apparatus according to claim 29, comprising a phase
locked loop arranged to receive the clock signal as an
input, the phase locked loop being arranged to produce said

reference clock signal.
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by the reference clock and arranged to sanple and
digitise the test data signal.28. Apparatus for

wo eqBilmyoat | east one of a data storage di sk nedi/ap2o0asicss9ss

a read/ wite head, the apparatus conprising: a spindle
for rotating a said disk;, a_dgtector arranged to
detect fluctuations in the speed of rotation of the

i sk; a _processar. ardt. r .a. I efeer, ‘n
381 oo RPEPEAAIS, ACSREo AAncE i vh ocard T et uatong s ieret
t8s haaheseynchr erirseded th thedtatat somlofse kaidl slesta data

pattern generator arranged to generate a test pattern
sébndat-a using said reference clock signal as a timng
reference; a controller arranged to wite the test

pattern of data to the disk wwth a said head, and to
3subsegwentityisr eadoardiest tdatayf rdmalleemdi A8 Wia Bl he

head to provide a test data signal; and, an anal yser
CePPaRged% 0 anal yse the test data signal using the

ref erenee haghk ot ghalared dd i@ erenei Phtor clock
Apparatus according to claim28, conprising: a

splomedl;ity of marks arranged to rotate synchronously

with _the disk, the r ' ange ; j d; g

mar k& fnogogelégl&é:r las: %g%%é’l@%t%lon%r %rcﬁjce adcc}%é;c{le%?gaﬁg?
1GRIKES RN AINRY dee itle v erfentk ofidree det ect ed mar ks,

said clock signal being used in the oductionrofetgﬁé

r ef er@fEEid) ATRERSS 30 LGB 8t SRS 1D
e L i Sidih12 phase dieckaskd vop o rengsd $gnal by
receive the clock signal as an input, the phase | ocked
dreop duei g tanT arigetk tsol grradd Uessl P Gl alr e o R gegrdance
signal .3 aratus accaqrdin 0 i ;
Wg@% M@,glﬁé&ﬁg%ﬁ%’s@ ondi ng, 405 a0y Of ¢ &l AL, 28 A0 disk,

i's” drranged to Spectrum
Al )56 9@ th 4 estodlats gignalsed Iy Appanataers and by the
according to any of clainms 28 to 31, conprising: an
rossidd o heFa gl $3'9r oduce an oscil lator cl ock
signal; a notor that is arranged to rotate the disk
and is | ocked to the oscillator clock signal, wherein
the processor is arranged to generate the reference
cl ock signal using the oscillator clock signal by the
oscillator clock signal being nodul ated in accordance
with the fluctuations in the speed of rotation of the
di sk, the oscillator clock signal used by the notor
and by the processor being the sane.



