PATENT SPECI FI CATI ON (11) 1 376 923 (21) Application No. 54460/ 71

(22) Filed 23 Nov. 1971 (31) Convention Application No. 7017134 (32)
Filed 24Nov. 1970 in (19) (33) Netherlands (NL) (44) Conplete

Speci fi cationm pubtished—tt—DHec—+974—(5H—+nternati-onal Cassification QI C
19/44 HO Q 1/18//G®BB 11/06 (52) Index at acceptance G3R 31D 4 9A 9B 9C 9E
9F (,72) tnventor JOHANNES BCS (54) STABI LI SATI ON SYSTEM e.g. FOR A NAVAL
RADAR | NSTALLATI ON (71) We, HOLLANDSE SI GNAAL- with respect to the
earth's surface and {he APPARATEN B.V. formerly' known .as subsequent |
platorm stabilisati on, during N. V. Hol | andse Si gnaal appar at an of 40

whi ch the gyro st RA[T EINT t rsh ﬂﬂB]EAT]@N 50 ZWdel1i3Y 6928 <0,

Hengel o O) Th b}ﬂe vertical 05|t|on Wy a pair .of ortho- /

Net her | a : ‘Ei‘ﬁ @%ﬁq/ﬂed é’ﬁb 441 accl er omgj aaunt‘ed on
the Phat! RO i I@é’ph?%éq"ﬁo”ﬁﬂ‘b N@@hg qd2f ev. 1970dp, “f s "\ i sed
in a ver i d‘f@i{l‘hereb decl are the invention,for s @

we one and § B ._-_M@%@M?F’_RP‘-FW“_ two pray that

gr ant ed m ificatigp GPIG 1O 41HMQ LASAGASBAY 06 n || WF ] 55 t he
met hod b PP Hndex ot apceptange he performed, tive modes, in\u\ T asaly/ #ame

el enent s™r e 10 G HO H ALY 8E 1% described in and by - ' 4 wuch
as possi bl e (7% Iayenton FRH BO§|'| owi ng statenent: - 0 . and
nodes of operation The .irnvention relates to.a stabili sat ion . -According

to the invention, (54)eSTAHIBISATION SYSTEM, ¢EOFOR DhAVADI ®ADM® a noving craft,
vided a stabilisation system for INSTALEATION O for exanple in a naval

radar installatio : mg pl atform corrprl si.ng a vertical 15
‘which a gy }ﬂqgﬁngb (e JC seqmﬁ%h md?fgb %Hfi“;f f\? % ed. on
‘-@msuﬁp@nswm bxhﬁﬁg;tt?ﬁir lid asgot or

t he pl at f orNWVOYIialishdle aSigmAL
and a pi ckcﬂddelﬂmmaydmag; Melao(ﬂ),tm iplthe fmﬁdmp&smmn ¢ a pa&t&bdwﬂxbsed ' The
pl at - Ve y TSRS - foeleromaters| spouttsd roni the ipiasel f

car dani cal 1§84 B GSHEN _ e CpEMof cont r ol
65 craft b)@rdy&m&pa ! MY 1 g ' ' - stepldpdtheing il Bbo g@,qmargsng t he

rel ative pobd mmmwmdwps m@rpmme&o hodssh inf wiichathe wimetienehes tahe  Of  t he

pl at f or mi%rf, by é@"‘%“‘am by the p‘r‘ poyely gs Q?SEH? lig sBcrhe Skepgbi | i sati on

about each “He i kﬂapwws&aﬁawo é:%‘:gglzi o g p_afts 'S
ef fect ed b}&ys&*.m, sr&r t‘Cplaﬁfyiﬁt @fa inbvikg yrateervided al sufbilidvion kat &Masc)éﬁaﬂm &l s
.in- conty ded @My lxalndvagwl@ installation, in ally mounted platfdim,cigomgri

stabi | i sPhe? ’rﬁsm‘%ﬁﬁ m:%o : fsone

usi ng the \Garth of (,l.ﬁl,y&,o,,,e T
spin axis ifemaisvielf icarddnicallyr hmtltehehoﬁmbﬁt position| dnyl &/ Qair - efakonfrelSi@si on.

posi tion 0 bYr’é@ ?,ft-;wt’ Gt thﬁfms 18 der wmmgrttw@ﬂtlvnnosmsl now be
further " ' r| ®th the aid
of the fi glbf@aﬁd shals Vi effebred Baaesat;o Systais, naﬁ,B onr, @ Fig. 1

is a schem@nmﬂqdetpyrmmoatlon of . the ‘.tlitdsgamahsr satMﬁm@taphﬁmm tier e

\c/lgfflrlcgfag %?ot:‘%? g%ﬁﬁ%&an%ﬂ%ww%:@“s i -.b&’;'f-l s of the

" to sone
ext ent, be - Nrsimilgh déndesaribed in th @).St itined wath Hi2RidSof Wheipined) inwhid!: f ect s t he

r andom orlsﬁﬁ:atﬁ’?éﬁﬁ % étlwwers _befere Wrtlﬁgl isqt &hﬂlﬂah wriewniatigh ofitheo¥8 of
t he shaf . o .S .ing. to
t he SYSt:;eos Mmust, .to some . axtent, be _ bi -zwu-'--':\ fal Qf m&z& t%ﬁapﬁﬁed by this

Li ke parts- nndotbotrtcnﬁu 9 monlemﬁcdd sbynh@ﬁon abowt- anp optlmcshﬁe pettdit t he

s, T mfa tﬁgﬁﬁa@“ﬁﬁbwwftci

si t uat ed, fbersment tntm:s;rﬂimgh ormrhmn labFlhIB&ﬁnesdEQﬁ plali S pur pose
this centréhlnﬂgxfh mied, for exan .’t{fa%mat _ t?ﬁsomﬂlhel d in a
cardanic st o)W il T 5o -.mﬁ%‘h yb Puse
means of gt WP heOkHeRenticHe g?:B;E& "-

verti cal gyhe()verddllg&mwﬂBgem‘dlydmeraewmdl dl Hinep p.iatfddne verti cal
gyro wll -g’é ; t-random. shdp b s'&bi it iscpn-hoprd (fioship) thep yhe | § t he

pl at f orm or At Lo o e | wﬁ.ameg'ﬁ"ﬂ%@ #sed is on
board a hidescriied @fthe 4 httaewmj e;aetsmgm a:behafmﬂwchqapdrﬁletﬁ i nner

gi nbal frarnhe ﬁmpﬂs mbmeﬁﬁm’iée ghe 9B foremndafeclive af dieadipl pomtdmn  system

of the typeetfh 8P S b‘P‘f%‘a'f”fF"&H‘E‘ ieMoml npunted in 45 described in
t he openi ndPger2igl aph i n° whi ch the shi p. on the shaft 5, which is parallgF.
to the process whereby the spi;n-axis of the the fore-andaft line of the

ship as is con- vertical, gyrg-is brought to a position verti cal
venti onal .



[Price 25p] 2 1, 376, 923
2 The inner ginbal frane carries two which are nountd on the platform
to be servo notors 6 and 7. By mean of the trans stabilised, second
control, ~circuits -conmected—sstor—systenrs—8—-and2 recnecflvelv t hese

i theach of these accel erometers and the servo notors can tilt the pI atformt
to be above-mentioned torque nptors 16 and 17, 5 stabilised to hold it

in a certain fixed posi- whereby each of the second control circuits 70
tion with L?spect to an earth- flxed reference. - .is conposed successively of
the filter—fndica A gyroscope 10 served,3&s923u a reference; ted in Fpgure

2 by 23 fthe coHpensa et- sl g gyroSTope: TS A Tardantc

suspensi on V\Dg&&oi{m{% qﬁg esgﬂ@l‘f’ a‘EGnowqq‘éonrthaplaggrmo e
housi ng 11 moumiss @mﬁsheamgyr takv g Cpf"""%ﬁﬁﬁ;’éﬁ’ﬁ?ﬁ oaestest red 10
platformtog: bRErve tmaokary canetdit A p oﬂmrlstorhwtabeﬁ-meﬂuon&t/’tor Gﬁﬁﬁéﬁét E%’ 7, of J

first and :a seeqnils .98 HH ¢ fixg me%coyierebwm mgtheteodxmz:atne circunsC O7QL 1 Ol
circuit, ‘are Algds Whg,%mifgﬁ eﬁ o4 fg ted‘:?ﬂ‘ GaesnYsiyid the Al linded:-,

hast he advan~. wﬂeswp:empa Neehya' diage Elghsid Euxéﬁh Fos i s sa%‘bn 0F
There are“tjp & Wprsig 1L tedsm tlieolgyrmgmaru}c@kjoﬁz. 3 3 @g.mgajé__;}’uence
the step-of- tlfﬁucﬁ’i"é;ﬁ‘? ‘1‘ “ﬂﬁgr 0"’can bybe comiinafitst of :9 i Anid S lsecond, - 5T
the i naccur acheplatigiaan o se‘ﬂcag on\”% Ollv(élrl'Clﬂtg -are-indicated by 24 and. 25 80
from these deftegsentat cmsmaioe ﬁfthe ship€a@! @Ni i

are d
pitghing  doympte g luged mampmrthd,\aif’h ’J‘bﬁs gn! Gvﬁxg %>(§Stl S use

i n conjunct {50 gfifcmgn

stabi |l i sation frof s‘ﬁ'gefm‘fnﬁfﬁi’“ hezipl at f or m to be st ab|8b| sed

in that case tahe orphratco@dcit vsé’f"ufenv; K \ 1sg§)u§FdH?. o at a
*@b&&“plﬁ%ﬁ%@_ _'. _ % %ﬁ

rendt e positi @proscops| efctib latbaxnto-
i nst ance iigt: @‘gﬁ, il be t“chtéf tHip’s gyed angal, t@  of
; _frqefamdw 0§5t|on

t he ship.. The Th8'%rs '-%e 3%53,,&
of the platf ot latertogsehe eemtnﬂr ' ‘Ahabiftled GO |sat i on
The stabili sm@edﬁﬂghﬂe d & wealkar em;emmﬁa f'jy'giéreg@g,gp@ bm@jl chis
al so cal ech5a§;§r ‘,sél.’; ' égeﬁlebgm tsmeme%_z'_ebmaiwng orhstsaiahrbl sa-
gyro cont ai nSISaexsq&yﬂelﬁéﬁl $v1th ! %Vf@ e e s a $ [Pgt-0P0t he
synchro 25 g (Trhe mgltgaioem plogided amb I 06 B4l & %{1 iﬁ?ﬁyﬁﬁ%rs 41
and 42, WhICh g“gji“ V?s*) 1 G‘E’Dugh._clitrstlev@actxtc;qdmeaaﬂﬂ'cfaﬂ:em ifsios RRks  the
earth's & ghd. e oL ot B i --’.@Wg%?nléuhefcgggo%&rfgee
verti cal gyrothiC)gyr m/hd.&ﬁgtam & JERET wE

m sal i gnment mwm detesmised) by the_';:s:yicathfim ﬁ'xfda;'%:prdvi&é chrf? %;c;%é@recﬁlm%

-

:E‘

he

transm ssion $¥s £y £ dhese misglignment vofe- 15edam the :s@vomororstsmneeipeﬂvdyo 8 and
9 respecti ¥8l f(?séped:tfvelit he MW%}E ol GhE 7 53»0‘"a °§\‘ ﬂéﬁ@ bl af f orm
and, hence, pW%lthffdﬁlw platfiom 3¢ bénsaubillised ik &srpom 7§,ﬁfﬁl’am d%%gngscop
hou5| ng are t Spiignmen eltapges Arg | msl,tlort toethaﬁ\hﬁchsly eVErs 43

zero positi Onﬁ%@éﬁ%ﬁ z%%ﬁ??

vol t ages WH? ciysteise (B14%,8)1 (1267,

o SRR | %WW@H&TM ¥ gmrm ot ol

) r&ntﬂi:;d t&;ﬁs%)y ; ﬁn%ﬁ?ﬂn égp%e? 14

the servo nmoi *{?svemahsw Iﬁes ectivel AfaSngd b
and 15 via tp&Y l‘l}g‘fp?i 9 aX!PG"feIPFd mélsqdeﬂwopiaﬁzxxsroesneﬁﬂcmegy;b to the
servo notor 'lfyaﬁ&n of tl @g,- 13ust Thg #‘téﬁ am@n, 100

which til tﬁﬁéewlireaxfs@ftlmmmhmst iz
in the opposi, eg: °Wé§/ 2ppre

X1
aran nmnr-' tati

N ot E@r se%z’ ngB are
tﬁegrﬁmr&fect (ﬂiet RERE g'%if'(ﬁls d f@n

that which isp 1, G g e e Qsle Hynthcmxtsm wityy stibiisedp| at f orm |
isto svmtch teasmhyalf % kﬂff’i”,_rn 3t E qﬁ?g&‘é’qo“&m St he
shafts 4, : Prpmfslév,vfmm & irpdont. o,‘dhe’i'dai toStggl ,24?aQ@t2§’fc§1 i jsa-

the)y =ormhcﬂytcanl artd] thél tdagte fotor0 16 i gyro

40 syst ems ‘ﬁ %Z‘f‘
suspended’ i n s qu I
mount ed gg1 tch@xtpk@hécm&m eicﬁ) eh' g kb éﬁ%ﬁ%ﬁﬁ BapY of the
stabilise pioTsIue xptgrs I atvhe { vemtctedakhegylﬁtfbmi&&tbh uygy{bﬁlsghﬁgvgggk%t in
a vertical pg{;ﬁkf’ C‘Ej& "r‘"gg‘{?“ The Each  alintoaethir cmbilisgd phtfirmrsy thy teeans of

S COII'

the gyro contéstelydeivi GRSohBRA & ol sé@; Jeja/ il ofy the, lattery plasforras. pp fok abi | i sed
pl at- 45 heSfIW B0l 8 n@ichmklemg whittS dre P €2, thhbs@mgaaﬁgm&g%e W Lhin a

yrla npected. to the: cotresponding gyro drive ‘housi ng

def i ned | %% {odis *HadRiE _brds B1di30ars- briough datplalf ¥iaatis| st O
the this efﬁﬁgm WA &‘ln‘ﬁ‘jg? ‘fﬁh’:Shc ?ﬂ@erﬂ?@detorﬂwdun |Icalhs§1ﬁma fandom -
ori entati on of the vertical gykum%ahéksfn f SENSTo  do

this, in g.fpesiiendp (mganofof FHedpih QEIEbMe BRG nchro __
transm ttgﬁs“"f"h%“‘g"é%pefeﬁsain 94 @2 Tepectivlypr mﬂ?gtﬁamtoka&gﬁrm@gggaadn% coupl ed
to the gyro itself, the 50 approximately froma from orientation to gyro
drive circuits 24 and 25 connected. to 115 a position vertical wth

respect to the earth's each synchro, and the torque notors 16 and

surface by means of t he abov nentloned 17 connected to the correspondlng

L T Ry o a .



circuits connected to each of th synchros, stabilisation can also be
obt ai ned by coupling 55 and two torque notors 16 and 1 connected the
platform to be IocaIIy stablllsed eventu- 120 to a corresponding first

coht+ol H—Eaeh-—att+y—to—another—stabrtsed—ptatformso that the of the
first control circuits is conposed suc- novenents of the latter platforns
are fol- cessively of a denodul ator, a conpensation | oned | avi shly;
network and a matching anplifier whi ch are 2. In the second alternative
~nmode of the 60 indicdted,in Fi gure 2 by 18, 19 nd 20 res first step, the
platfoBmis tenporarily fixed in 1876923ect i vely. In a second step,3 during
whi ch p05|t|onre|at|vetothe shi p. t his S|tuat|Q Ostablllzes

I'n n ro
t he pl at f BHR tof Pl’(ﬂ& ‘ﬁ%mglt%lt Yements. of
the Ve”'gﬁ'sm 0ats, 'ﬁ%ﬁ thec&alr ‘.:g‘:i;&a‘%ﬁ,m kees, Ghelvi@. {1 1St nDde
of \Whe fi &tk zstsﬁa) zsmanhd efque infbtods mom mm&wmbwymaMMetemne S&)I n axis

of the Hysmd IIOqusstt ﬂmeslﬂmmughpla@frm ng P rthaypqmpensation nsﬂ?lverkzlé”
respecti vgtf:rtt’l‘ -3 w1m]§% 5 !.:'.‘{% & SRR &) A e gEe 3

1, 376, QQBthan in thep?i?st mode. However, i this- does Now, if it is ass%mEdiEhhtOdﬂe bRe@MOPSI tion
vertical mttgkverr@eﬁaﬁy om,e:umrb&mibem ﬂhhecmia'blteﬂllbm eqvepicalf gyen bAOthe mpin t h; t he
earth' 90sepedng i hF’Bs ?f h@%‘ﬁl’“ﬁﬁe"“ﬁﬂﬁé’ﬂﬂgﬁe
stabiliza 2 HE’F e p ergorégnhy lafd, "that i& €SS i's
oper at ed,. ep, e ver B,Idevu&i!dn i:% tohe torque

!

not or s 16 Sog &l icagy osemsthachuuatre@f nhe‘i eﬁ:@ebﬂe ng‘ f‘Bmdl (}7 Si nce

i n thid3skroymede thH@f F'Ersﬁ‘\“’l%ls 1 atf o net wor k
19, 70 nogﬁfg‘% b'%) ugﬁl aﬁ' s%b:‘% e rratchl ng
anplifier Gdaditht Eﬁo &/ platt | cal posi t |e9=rK1(g9iH-|a) a greater inaccuracy

not or 16 f&mchetﬂMmmnlteixemftheernzvm@e However , thls does Now, if it is

assumec® ftiop ogT"lﬂﬁ Ibw%%e whire @ reRyes it ause in the
control | eﬁ‘ﬁg@ﬂ% blay e i el "j'l‘;i‘ -ﬂ@ §g whi ch

gyro 10 St-eﬁﬁkré toSes slnp.Xl s.-of - thIS g_?r;osﬂgm @a,twdwbﬁﬁ,e Ma{&kcal 75 the
- platfor zgs thpnozmysgmo:p | Gabnd yoapsis ttiue huilttpefrgpl @rf omm Wi | | show

A R g SRR R o

fr
devi at i ont«mnyeus nhdngefdrmc@nora uthar g toa,heﬁevemutt of it ship e zhat in
ei t her Qf sqoppd me b WF“P dPtat fsignatnmagp the givern b shaft i nd| ca- 15 two

th
nodes ¢ Eff’%gh aﬁis of tedyingFigure 1 by 4. In that
case, the t(f@of ﬂ&yfea)ndlSstebrOUght d!t( Téé;s?s‘ap‘ﬁrom
accel er ometcens wibin pm@d@mesldvaaﬂvm mq,;hgljey,ws 8 thd Sredihich | ff athe PRGHEI ON and in

the t CPin; #ES pfl ke ship. The signal proflﬁﬂl’ 195f or m
t he pm"tsf cg'evighgn% miﬁ:& lﬁﬁgﬁn%%&alwz@e a ns feﬁ t? Iﬂ@ 1\‘ § ‘node by
stabi | i zatsieprip thvredomi gtepeqocmapmsﬂtheg:g nd in the

second rmd?mmnrefndev F}@ |or;m gf ms eyati on due
to a mj,el d rachs@osfbt tlmsnpums/eriwrpaseﬁltttrhéooshl p and

[err] a‘Ioctl nihgga 4 ;émrldé@n&a t*h%b%hhﬁsm Thedlmmsm”fﬂ“sm“’ si gnal
provi ded bmhtﬂebrmcel Etguma?t er ii:n the e gf“ erng i g sw t ched

from seco ﬁ‘sggzdg télji)%quﬁStd he ff)rl rstuehdyt o a second
step wh,gn “’SE? g&t‘;ﬂ Shigh gowp'@ﬁew«o\ﬁhlwwc gnd ané@mgi* t he
tch

gyro has bneme&l i, l,thesnm s@g“ﬁﬁﬁm g@‘ﬁ, RISt form  and

a node) nuaide of ahet ple@ml rthe Ager! mayanpl i t ude

and frequ cgoged;ygﬁn I&e' e dnowetfeelxm byor (| n the due to the
moveneni qn qn';,g,g aztﬂr Iﬁeﬁond node) . V\/neg i.t. has been: pl qped into
position withres-

piercgttgttegh i‘%ﬁ%mﬁm mm 1 is fed tor me[csfaﬁ BRdg.of the

PriE %t&b s | t#ranshows t hat
t he Spi 85 %t Deitd

30vhe r3} and & supnmdngf r equency
of the: pi t28hs i s@dwmm._,.- ' _ ?"‘”ﬁs? b’?‘l d W rﬁ(}vement
- of the shls 1s% BEOUT ded s ﬁu@ﬁnm ége,q;.&n node of the
first i & @ hd [nfod! tKeO s‘rdbmsaﬁbﬂ tpﬁtess?& uakihg plico it hie second
step ochrf&sruacpn ltoharer,Tﬂhe gltfop sEmgs tsedond e t18 (the - transfer - Hingsipn 96 thenpl e

expi rati orfixed relpti d tine.: umﬁ&Wme BrooW YR Y o' s

frequenci gg % OWI ng the parts g@f the stabilisa-

magni t udes foisliheh % ﬂﬁfsyﬂ:hﬁ 120 1,25 40 tieptsystemthat efflects the
st abi | i esattheo denatidalatbr 1$,amelogwnsa1ﬁ@rn4-h| s purpose a | o¥pass filter 100 the
shaft 4 will now be further described has been chosen The di nensi ons of

this filter, V\nthreferenceto Figure 2. are such that if F
represents the

si gnal naytwbeiogmteanbsporfdﬂ ﬂmnthaﬁl mately verti
6 a




During external stabilisation (the first node transfer function of
the filter, F is of the first step) the switch 28 in Figure 2
approximately equal to 1 for frequency 45 is in the opposite position to

~that whi ch is—vatoesTerTo—i2radisee—and—a—danrpt-rg—ei—106—hdi-cated—in
this switch position, the posi-30 dB/oct occurs for frequency val ues w>>
tion of the platform is conpared with the 0.12 rad/sec In:-view of this
filter character- * reference indicated by the external gyro istic, the
signal provided by the filter may stabilisation’system 26 by neans of the
now be expr'essed by: 50 synchro transn3seen system 42, 44 If the two
do not correspond then the synchro [erT]

110 receiver 4 T%S @ﬁﬁt‘kﬂﬁhl Wﬁeed%ﬂ'tm H@tg&rsathm a the
conduct or 46 a 'S S| gg:‘i 1S, rFed"i{’%’e’t‘ }'ﬁ

SErvo, -
anplifier, 15.1f the platform is$- work 19: foﬂ-him&n@é%&%%sm ggeégmof AR
55 not being external n#f abi Fz| .ed “the svmuml lar’ﬁéhiimelte :’:lﬁtungmorsmnal
integrator 31 and a su % 5-in the i PR PROsHES + proggssin clabp ._e‘*ﬂ!Fer\(o
el ement 32. A switch is . provi de- between SY Sk : Dy B e S P
and the the3i Ruge abbdmmm;hiﬂaeH_ ket eﬂaeaiem, 1ah5mmg tqu'eSsh%aalaeat ed
by the synchr ds ¥Ehivethe tay -,ttPﬁ garghiger cericd @I@S@dwva‘reﬁotﬁm_mumr 12;
during the secq g = e V¥ |l leinn o) g 01 B
60 first Stephtﬁm&mlﬁcﬁhﬂer

gell- atﬂwey:too ﬁnﬁaeus mmhas,mthemseconsldered

transfer funth icehe ﬂetﬁnqweek'

conpensati on nét ‘B now. gi veh by The s d; signal frem|he hoadkiraetes d
position in either node of tshe 1irst ste}%’m héhev'ﬁ‘?"’tlcal gyro 10 is then
activated by the synch(lget(ilz—.-—--)tc s [err] BT o o - 120 65
the denodul ator 18, the conpénsa ion net- _ —f S 4
1, 376, 923 ' 4 i ‘tshen the si gnal ©

provi ded by this- netvvork 'and - Qyr oscopes: Iﬁ@%ry)&n&gm _ n sked
to the matching anplifier.20GCis|represen- tut;e’Snnﬁla co:@dﬁaﬁo%r%[l%n %?& 8t héta

400 Hz pancake notor - pPéx‘:’eTrerrrW'an |ncrea5|ﬁ pasdsothe intrgmtidngcolseaniss anded f or
the torque notor 16, the matchl ng| exerted dn't ﬁé"g‘il"%ﬁmTo this effect an
anplifier 2015f wheti@Qnadas, a@cishsthdland | teerr]. integration, which is
proportional t&QG Hee tsrﬁther!e' pto1e 3 mmmc anplifi cat—l-en-»v@,f t hi s nodu-

bal ance occur FinihoEst juals inge) |ed out . | atén and Ks the transfer

gvio/ Ay be eb
function of the pan- t 0 UGh: Qe oy gﬁgrg;g’;:gtu
cake nmotor, the torque exerCed on t he gervmﬁeaopgﬁgﬁdiﬁb stronglf n%ghe

case consi dered i s expressedby| on the fibytibe oubabaign aknphrmkmtmmmre

accel eroneter. 15 where [efr]are constant %ﬁ"d‘*{%ﬂﬁ%tlﬁ ~pdyDegign; t he

i ntegrator 30 perdigh thiogshtwhidhhde ¢ Aeal i QRkigh M')%' | R Enile B b @b - 6f €
function of thé g‘gﬁnd?}’nay expre sed by i nsastdeit thdmputtvh&geemﬂné tegrator
determining the 60 20 hes-apgl e througlﬁx%ﬁt‘e afpevalug. Bhi

designed that it has 89=d(1m time con B8RS GuEIEPIH{os, 1as nek yer ap-

stant [err] if the input volssagef{of the i nt@giniQf 15e8C8Sisdf BEE ifhdk. Vah Ue.
This inplies that, as C, whire anceltbﬂtgeﬂ»a '1' : az _

not yet ap- [err]

ship's course and 25 represgnts the time m}aﬁ _ speed 5
conpensation and a corrpe:m-a-t—r—en for | oop dies.ned by t ce eronefeer75the :
gyro the rotation of the edifh ¢an be pro |19edidtﬂmdv|tbeeawemmtxbneandt-the ST

pancake  MDUBY represents the GIAE cBbER &R Edkripn spesd eqmpention 2ad. S‘“P’s course ang() | f

it is now asstoaiedorm by i@ _&plefind mﬁhet@m Lgﬁ*ggﬂafﬁlve to
an torques are e gmend thets conm:l'.rease in the speeds@f

t he ship. For : [
conpensat i or:ioogx

as the plat- 384 ghatghftha)smmtdngle
shaft 4, then {o er: ghafy 4, thesr ghe:
Ve 85 in the &PF &%'? ]

together with the si gnal frog tll‘ue ael er o- ﬁ%gﬁ i qfed% gk
via :the C1(1 +-—-—)01i cable. receiver fampiifier 36 (eompam Savet '

. " 6—-_Glyzrs>sc0pw Theary <aud Design, ‘Section 90

35 represents the worque that must be exerted  The -accelesometer 22 .is sensitive to . a
on the gyro in order:to: bring this gyro in :centrifugnl - - actelerdtion iwhich i results from e

the desired vertical position (cos pare Savet -a change in 'the course-of the ‘ship. Forthe = <~




cable. receiver/anplifier 36 (conpare: Savet Gyroscopes: Theory and Desi gn,
Sectign 90 35 .-represents the torque that nust be exerted The

accel earoneter 22 is sensit

posi tijon (corrpare' Savet a c
1, 376,{923 5

iye toaonthe gyroin order to bring this

h nge in-the course of the ship. For the 5

1,376,923 5 conpensation of the?

gyro iin * centrifugal accel era%i on which results fromthe desired verti cal

resulting error in the fof?he

from :the accel adoQirhebdeds
the switch_sign: gnﬂakﬂdxﬂaﬁﬁelsir.'

Ke. Ve confiensat i&eV. «em@@m
from the accél etn[i 22 s :

cabl e recei vel/ aBypbscdpeser Then

verti cal gyromGyfrp? 0 es Theor

on the platformg, 53
and a pickof f rrnwytecduzomdeaﬁh

changed, shaft sabilisaton hep
t he Ke. Ve corrgerﬁ§a‘;1‘:ée éﬂ”% o
ticsnther'

sa 33 gith adsignel) vis wv nggsﬁgt%hw@m%w@ystem

occur and this nfdmehRs
control cir- stadfed] satn
conparing the r:

'-5

. second ntgede of the f |rst stfetp1 tﬁo S Q(al
Raar Tronlhe, S e ant B ot it s‘lg
t:onspueqnmécens Betlelng @losed3 i S be| ng cI osed.

"\A’t ths m%ixg IIHQ%%h t hﬁ?djxlug nj 707 0

respective fil Qﬁbjylr&d@er/amptﬁ

c&ﬁ SaZ'&Ll Ofoimiéa (ph Q&h&‘aﬁ
30d Desigay Stotion nuaniaticdly phmtiub lom) thes @ixgforims Wity a

O Yeuifidhy RBSLAn. SRR o RSB A orpTeht ed
Re.Ve compensation tammg the platform in an gproﬁn&@& b5
f)msutrlf striv@s Shdridontal PeRidh AGE & Paib il Catrblycir-
;‘:fenslm bemeanepith dor eeriparing, (the erm Fn
*"ﬁ%&.“-"%ﬁ‘w Wé@ﬁ“ ;4
§ QM'ﬁchhﬂ als@%icfudﬁ
ptegrgor 31T @eduer means farabiliging the placforint 8sifgOthe

in of the pl ﬁ -"i'-“ ing' clenta Qfainf? Wlmde
This switching iwh mholdt EuiflD r&m@ovaag@gftmemgyﬁeemtﬁr plitform 85
pl ement ed by t hetht rangdjthey lymnping temglt iy eint dnop rlhmomltmsxstyts@em

al so including t.d“ Ion %ogf] n e@"ll %‘Em hequelan empr
stabi | i zi ng tfga élh lgrmcmg,sw[gﬂlg SRl

the vertical gydooinfludned anjmdie helestred)mﬂqhtaxt @ppréxmatalsh h&nzontal posmon, com- 90

recei ver/anplif "é""%%?,n ?EE:%?M the Ks%s;%%mg%gg?@{/ qans; aftrﬁ Hmfgol g 20
and the sunmi ng B0 We S s : | ai m
To@rmani i'i%

1, where- Wt aro

143 lalsé Udofnputer:

41 AGGeRN as claitnel RE IAIRD) Shér@k

mai nt ai ni'ng the tpgedief withthe s@haltiiven that ortharpdhtfbMExssmhhzﬂiguMgemervt:mm 9% n

an appr oxi natel y“°ﬁm¢n’c9a}s fz{
B piedofes 1

determ ned pri sgSer

%ﬁ'& gg:%?ﬁz"kegéw@éﬂs Pﬁg‘?ﬁ,’ f.'i”%n ﬁggzﬂmde

t hrough 3. 35A SeytivnegR-@s Cl al rre in cI aim 1thevﬂlmoﬁi B %mzamm 16 |vektical

circuits, and the# rrgvmadntm
i n not influenc

hori zontal posi th)hmp 0 gD Al

pri ses nechan#ai thearssatid)m
platform in a f#

the earth's par ‘%E‘
ter-deternined ad,the lant 40&

verti cal 95 t|

vertical gyro i Sthé rt,-eﬁu 65
(conpare: posi tpmfmmnmmm;aa

Theory e i e

Section 6-4)

using the vertlcanoﬁ Hoked Vihat Uth

pre-set int ervalthe mtegrator 31 and

denodul at or > the se‘c% A
network 19, the gt ﬁif )

ifakis rof lthe gﬁorrprhlgtesfreqnexﬁebscﬂao@nm ather a

anplifier 20 andthe shnp,paﬂc @p
com 40 in the eré é’*aﬁ
a mat chi ng a

system as cl a| régdild_.@g’] Bhe
first node cl augmm vt

step), a rec
a and the Ian%
accel eroneters and a cor- 45

respondi ng pair of further co
networ k, indicate connected

spin axis of the gyro is bro
position, i.e. aligned with t
wherein platformw thin a def
circuit conprises in

t oﬂe& |

hﬂi&toxaﬁeufg con- pa1r of
with the signé rfectginﬂthemm!rp_

pese mﬁ e, T 20 S 15 A o o

e(c,{“ﬂune .a flEtch 1S

sn'Ea#S £y afti mmr% I at f or ni00
mbt Ed’egﬁfﬁﬁs 1ts

modama

he csetbmdn ehﬁ tho npendar: neworlcand bmatclaﬁg ampltﬁcr

&5 350 Wiudes
r$ lakid iQ&et her

A hl eextemnel he 7F|An ﬂg%;m@eé preeion 108
x d Vertila
gsamphﬂ&héo pirat fesnomdmgl pairs fofa urthew @ehtrgks ici

i st iid L8 B Sherein
gemmmcum ChyirtheSaasadol Gyl fcmscaompﬁses in

etﬁrst mode ofl tgz mesl%ﬁ Olypenm@? a¢tyjork gind

Tt should %o SliAlY, Lhzag '
s&‘?&a‘ mmﬁ taaem&y isQ:onn etgbﬁe(?bfaﬁetéa&leﬁ-

the sumh@j@y elerpanty aneters tapk a piterowhich provides cor-

ndicated); position; dyring, :E W tian
& Ltmgcp gmé_lyr;ﬁ]e&ﬁnon Eﬁgnﬁlggénbﬁotr&dv i28

FRE*"—Q% dﬂch&jepm § pen atlon getwork and

i :,10 r 8
1_'25

8 Qero fist héa- {

: erﬁmnsepf @zn hct a zqn dilhéts &iﬂnlé the vérncas gyro

9 Fl tb
o: Set n%qg% % Wfrhﬁﬁ G‘gmm ndes

‘hected to the output o the anmplifier 30 per-
ntrol circuits, taining to the conpensation
o] t he pickoffs of 110 that the.

ught to the vertical gyro. the vertical
he 8. A systemas clained in claim
ned limt of accuracy each further




50 and that the stabilisation on process can be series a filter, a
conpensati on network and switched manually fromthe first node of the a
mat chi ng anplifier. 115 first step to the secon step.
| t~sShourd al so 9. A’ systemas clainmed in claim8, wherein be not ed not ed
t hat the switch 33 between each filter is connected to
accelero-"the integrator 31 and the summ ng el ﬂ ml“m Ilﬂm d a corrputer
whi ch provides cor- 55 32 is in the open (|n duri ng
recting sg§gnals for changes i.n cour sggnpz}:peed *th&é second nmode of eS5first
step. Durtmg—of—ttepart—om whichr the pratformis m)unted T20 T1hi s node
the pl atformnmmmeﬂﬂwemtmzeermom thse frqm tﬂ@rse@a@ mﬁg@‘f;g% s due to

rel atively tsﬂtéal sﬁ‘iﬁ“‘ té?@ Retes, ?r?"“g%‘t“s quency
osCil| atory youe g# ?ﬁ’t‘ ght i aﬁt orli ent ati on approachi ng
part. \60 st tlcalie Q@5 from Ithe h WIIHAT - E GhAIM ISiL-G A syst em K

claimed in m@eswemebaqmmﬁl nsatll% bilj mwysm vegt\:cal
SW tch

wher ei n oge ?FW‘*’W %‘;p %‘ﬁﬂm o;?g fﬁ,yrtﬁence
the gyro cb syste nlofbr @arrat iRofl infoSAtedTOM-eatbhe Second

mode of tthe tﬂmhstshqﬁ Bepding 3rsudiienly thaoged,d swnofrtbftgmslmstos,mmferm verti cal
gyro |eft oum i@ thepKe e jompepption u Wﬁ% the
o ical o gﬁ, by e T

form the fLuute . sEabili umtsvyst Il N the plétformland givb thefsby acuvate

1, 376, 92315 a “free dnft” mode This switching is im- the motors to btisg thy glaqt:%w

resul ting erl?1 ented bghtée C?‘FR}‘FFF ‘Y";f#’a%{ipsn 3%!}3! P‘@‘:"'b;h:{ gnaI
from the acj qrvglg,glt{,,gqhet e Hds bead bilo tﬁ,ama time
the switch sdagearfceﬁ&y €3y mmegahheﬁipoﬂiﬁnl s bei ng cl osed.

e S pER AN

t he accel eroxghm
filter via agep Briddr! eateﬁﬂr lcaIIy 70 cabl e
recei ver/ arrpﬁmé Hnetval§ Gro e dree drifbmedd rhrouglountsed s emtafs irogigim i 1s fhegeim

vertical &rwdese @saﬂdﬂ% ‘”’Se Eﬁ nt ed
on the pl atfﬂﬂto@}iﬁ ? % sﬁ’%&ﬂ nz 1 ng thd

shi p' s headi ag,gen&u&ud@{qialm anged sha lhtforrh xhheﬁ:g;trmslﬁunsqahm&mrthe means

for main- _an Fnaﬂmuheactynppmat@hefwdhe\ﬁeﬂ]ﬁbnweih@aﬂl@n“ Eoypted pl atformin
an approxr”?ra{"é“P 53‘ ’g‘éﬁ’,‘é‘ﬂgz":ﬁﬁ zgnt al
posi tion andn i%e td nf&!hﬂator bg rds %ﬂénl ﬁ@v&ﬁéa@rgﬁ'c isl hes QerBal Or' S MAy
be re- cui tﬁattﬁrcamm&ai/mﬁﬁ 68r(®&n§are*vepcpm&t Mthrvspddmin@yacswqychl ng the
st abi | i sat | oSnveryéime Theoph cangd| M@r m én Poiclad d‘t"& atldhte 15 a
"free drif 6‘33& G |ngt’1 gyfogto
substanti aI I ym few W?&ﬂﬁgﬁé systérf) ak hlaﬁled\hemﬁy pdedippsi ti on,
the system alasmeldnmbenﬂu etoidEh Hﬁﬂe rclmmdwertlhemm&eg?aﬂomol 3&61’&ﬁd the

('D

Ty e e O e e BT

recei ver/ anpiubilisftion useIf‘(Eeliﬁt»:ﬁglﬁast @fode S tlkif aﬁ&aﬁltﬂeymm for (mlnh ¢i on 20
and the sunnvfngleeﬁlﬁm!m [peecisippp & de‘ﬂﬁm‘m BHS Ruafte fedl in
claimi, ypef dﬁil%gf&ﬂ PRPE AT ‘% %ﬁf‘ 0 Lhshgreans for
mai nt ai ni ng 1 satioh HerWork, éat Gn(ﬁdiﬂﬁhdﬂ@e plcedenf 18 i n
an appr oxi nathed ghelspmlaxx@rot die gytg)sxstbmshtcw)rrmehml gtmnst ant durlﬁélg cqrrput er

det er mi ned j Ymicalappsig &l‘i& i ft node
el gl B T o %% i ok

through 4,3 Y a ;
circuits, an ﬁqﬁk@xﬂMﬁaﬂy&@:ﬂtﬂwﬁwn&de bindhe rreamm ing rampliient ai ni ng t he pI atl‘sor m
in not infl uﬁm:sd: mnﬂmwceldbm folshoyld @lo ac GeAcystem 3¢ rigp Sl

hori zont al retedy Fft‘%:lﬁ‘f“t the | 4_&‘ . %ﬁ%l Fch e ang”‘r‘@gﬁ m@g%%e. Ye

prises rrecgba é& tﬁgegi,glzj(l B _
platformin ghe seooﬁdnpdelof |t1an 5 kthlmmngodﬂhepﬁwatﬂlqnthetﬂmfomomm | @a for

the earths Efﬂ@}ﬁfégj Iter, yp Iﬁfsf%ﬂgngl tg relatively

corrputer-det%{wg SP“; Aap%mﬁgﬁ Ifw?um&()?ctlt Tar emfms BFein

t oget her gt Jaﬁ; 'tv&mhthﬁrmensaﬂ Atsheenphsadifimednin datm Stals, | | zed

using the vebalanoeabomPQEattomonhl wowhd kxetefye Wbcmdnqmrtﬁenmll%gﬂdeﬂm 125yr o,
St

when the ver gjregndi ‘F°P‘F‘l‘! m%‘g‘tt?ﬂgm mcg é‘ﬁ%ﬁ rﬁa%[,lfler 38
féSert:

(conpar e: p{ﬁl ﬁpwd

Theory ands m&&gme a m&h uA fshtemaaallgzl & tlhﬂ ean8pl tmmtsedxmnBS
Section 6-4). .the platform is stabilized
using the vertical As previ ousl y mentloned the gyro 10 gyro after a
pre-set interval. 1 100 activates the synchro 12, the

dem)dul at or 6. A system as cI aimed in any preceding



18, the conpensation network 19, the match- claim wherein each of the
control circuits ing anplifier 20 and the pancake notor 16 conprises in
series a denodulator a com 40 in the first and in the second node of the

~pénsation network and a natchi ng[anplifier 1 Trsr srep. {7 the case in
whi ch ext er nal 7. A systemasiclainmed in any pr ecedi ng 105 -
stabilisation is used (i.e. in the first no lﬂmlﬂ mj”mt ﬂlln t he neans for
stabilizing the of the first step), a preC| pl atform
using the vertical gyro includes a aptsdhe Iarrp 40 the 5 ndi cat or b%l ng
con- paif Of_orthogonal —acceteroneters anda ctor-—45—nected—to—the—out put
of the arrpISFaPIih@FlOIBQf B’Grp'atfomebpohnmtgalpallr wEreifr Uy tstigch is Qprovided teiweanli t S,

taining to &t ]  Kare NS nEEming elomenn csaidotWr s and
the pi ckof f,ﬁeaﬁ Ja%giﬂnggfe@m%s@%ﬁns i‘%ﬁa@%ﬁn@g’ﬁ%%ﬂ? PEE the -

verti cal 5qymlifiet,ye inegrator al dlegnt | . 04, Abysgnasl cMided it g preceding A SY¥em
as cl ai med af“l‘hlti‘f‘f’ ccuitiwhegs $‘2~'ﬂ“§r rﬂlwla Wiemnaﬂldefatfmdlsg?rrm@nmfg accur acy
each furt he,;[.e el s Tk ’f‘@ m@ﬂgm 8ol BE stgdlgl Li sfa i on
process Cannitsd maenma&mao&hhh@nm SudGANA &ekmgm &
manual | y10f P ﬂqut?me pipthe peift hwincha h@teoducn@d |rbfém&é to the accom-

115 first %“‘ %pd Shen. It sﬂ%‘ﬂﬁgdd‘a‘?’l% 9. A system.as cl ai med
in claim8.,ap Bttt Rat TREGE A FIEMARnP &t each filter
i S connect elint 8, wfnm:aothe tsnbﬁl @cach Mmarchingt he | nt Chi 1l Pa Me dumming .

el ement n@pglifisr semeprises dhs zooh iof khepr ovi des (MﬁlbouﬁsHO&, is in the open-

AR ‘-*
(i ndi cat ed) T EIBLR 'wo Pl 533300 ﬁl gnal s for, @% in course or speed

t he second nda gkteh he aine8 lin Shitl 5. ri ng qf g,r%g m;gg ;My ch the
platformis mibu%@fdr HerAg; est_% sca;g%gom%yu Nﬁoarver F[eess %mmg%on ﬁrﬁ tive to the
gh@ tko

UJ

filter suppresBibligedsyy afen IWC2AaN € spin-axis of
the gyro is higher frequency i bﬁWé’rrents of the only brought in
an orientation approaching. party; 60  the vertical posi tion, through which

an un- 10. "A'system as ¢l ai med in claim6 or 8, .bal ance: conpensatlon
whi ch woul d exercise wherein ong pair of networks-‘is provided in 125 a
retarding influence on the . coptrol in the system switched to formthe

first men- the second node of the first step, can be tioned control
circuits while the vertical gyro|left out. Upon the expiration of a
predeter- is being brought to the vertical position and 65 mined tine a
swtch is nade autonatlcally to]forn1 the further ‘control circuits during
6 .. 1,376,923 '
6 stabilization of the. platforn1 by the vertical 11, wherein a switch is
provi ded between gyro. . - t he i ntegrator
and summing el ement, said 20 11] A systen1as clalned in claim 10, where-
switch isol ating t he i ntegrator. output duri:ng in each_conpensatlon net wor k
corn rises an the present interval. 5 anplifier, "an integrator,. a summ ng
el enent 14. A systemas clai.mgd in any preceding and two hol d circuits
whereby the outputs claim whereinthe platformis for nounting of the

i ntegrator and the sunnlng element” in a ship. are kept constant during
conputer deter- 15. A stabiljzation systemfor a cardanic- mined tine
intervals occurring on sudden ally mounted platform. substantially as
herein- 10 change of the coursejof the part on which before descrlbed _
with reference to the accom the|platform is nounted.

panyi ng drawi ngs. 12. A system-as$ claimed in claim8, or in any of claims 9
to 11, when appendent to - TREGEAR, THI EMANN & BLEACH, claim 8, wherein

the signal to each atchi'ng t Chartered Patent Agents, 15 anmplifier
conpri ses the output signal of the ' -~ Mel bourne House,
conpensation network and a com | det er - Al dwych, m ned
correction for the rotation of eart h. ' London, WC. 2., 13. A
systemas clained in clains 5. %nd ' Agents for the Appl i-cant(s).
Printed for Her Mpjesty's Stationery Ofice, by the Courier Press

Leani ngton Spa, 1974. Published by The Patent Oifice 2 Sout hanpt on -
Bui | di ngs; London, -WC2A | AY, from V\/m ch copi es may be obt ai ned




