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oiou Sorlt~ll ( *ass I\\ f’llllt’ 

‘zrgcmllc’, II, GO ix, 

.‘l/Js/lnc-l ‘l’I1r% I>Pi\ll1 0Kwt prr~~lll~:t~~I is t~cl\iiv;tlciit to illI itijctct icoi 

\\‘I> tb115fq1t ;III analyt icnl tw;it iiivtit, of ~t~ii~~l~.~ipolt~ iliis- 
~~i’ror for I lie 11101 ion t IIIXJII~II t lic wst o(’ 1 Iw hcii4ng sys- 

a(igtillir~jlt r~lfc~rts for I IIf’ ~\rg4jIltkt~ ~\clvallCcYl I’lld 011 SOllI’(.P 

t(siiI. ‘I‘liiIs. rvt11atiolls ( I) ai1~1 (r)) rail lw iid as iiiit ial ~OII- 

(,,\ijS) ‘200 - .\I( 1 1 rlf~t 1’011 Iiliac. ‘1’1~ i~~srilts of iiII1iie>ric;ll 
(lit ioils to (I~wi~ilw t Iif‘ t r:ISjtTtc.jI,v iii t Iw lwdwt Iy iiligiic~cl 

Iltoclt,lillg \vitl~ ‘I‘I~~ZNSI’C)l~‘l’ [I] art‘ tliwuswtl. 
st,rl icm I~r~c~lrrl Lllc~ tliSl)lilCt’tl Ill:lgllc~t [*I]. ‘1’116% lx~slllt iiig 

(‘(tllikt ioil is 

I. IN’I’I~oI)~~~“~‘Ic:)N .f’ = i’[ I - COS fi( .q.f - .Si)] COS fi( S - Sj ) + 

‘[‘III> (\l’S t>Ifvt I‘OII liiiac foclwiirg systc111 consists of tlll~fw 
III;I~):II(~~~c~ ~~II;I~~I~II~~~~~~~ t ripl~ds 10 gtiitle ;111il foc~rls ii I.T .\ 
IW:IIII nit II lirkal c’tit’i’gy of 2M.J .\I( \’ 011 ii t)osit~rot~ t11~oclll(.- 

t ioll t;~r,gc>I ~\\rlc~(tll:llc* tbosit 1’011 >.icaltl mtiiirw il Sltl;lll c’IP’- 

t I’OII IW:IIII eiiiit t;iiicr~ nliicli 111t~a11s that A I~~III size of lws 

t II;III :i IIIIII IIIIISI I)(> iicllitwxl at 1116’ j)osit txm t~rr)cltl(~t ioll 
t;ll~$vt [‘L]. ,\ll ,,fr-cfqlt f’l?VI (‘l~‘~~l~l~~.,ll l~~‘;llll al t 111, t Illlgr’stc‘ll 

lilrJ!,f~t \vill Il;l\l’ aI Itsast two vfl’vcts. b’irst, it will c;IIIsv 
t,rjsil I’C~II <‘at’1 117’~’ ilit (111) t)~ilsc~~l solc~i1oi(l loc~nl~~tl iiiiiiimli- 
;~lr,lj- ;iftfzt. t 111% Ia~‘gvi to I)<% ,Ir,lc~rir,I,:rtt,tl. St~c~vi~l. it will 
t)l.o,111c(~ IY;llic.fic’lclS iii t Ilo clisk-lo;~cl~~tl ;icct~lvr:~t in,< st rllc- 
t 11rc’s lr’a8lilig t 0 t~iiiit.taitc’t~ gYOI\‘t II illl(l l>t~Rl11 I~~~‘~3kllt~ [:I]. 

llt>rty, wf’ nilI 011ly clisciish t lie firs1 olfwt nutI givt- a mite- 
rir,il 011 t 11,’ I)r,ai~~ ct\irt mitl varialiuii iii tt~l~liis of j)o4t~roii 

c:~t,ti~w ilit,, t II<. t)iiIsc~l sol~~iic)i(l. 

~&sill ri(.s,f - s,)siii h.(.q - ~1) ((iI 

01’ 

.1’ = h[cos K( 5 - “,f ) - cos fi( s - sj )] (7) 

l\,itli h‘ = fi aiicl h,. = (rrYJzf I ~~ctii;itioii (7) C:III l)t) \vi,illr>ii 

as 

.I’ = 2h~iii(~)siii(-+(.~ - .q, ) (8) 

If I\rn :itl,i:lcc~lit III;I~II~~~ ‘: an’ 7tiisirliglirvl Iby 6, at tmsil ioil 
.s, :\II(I I+ h, aI t)4)sil if jib “2, t II<, cf‘iit roicl t r;i,jwt r11.J ~I~I\YII- 
ht I’~~:~III of t IIC iIi;Ipb~~ts C:III I)(’ wi,il tc*ii as 

.f’ = 26, siii : siii :(.s - .$I ) + 

26, sill 5 sitI $(.s - .A~) (!I) 

II. ~IAC:NI:T DISPI,X(~I:,\IENT ERRORS I,‘or I) sII~~(.~~ss;iV~~ I11isiIligllc~tl I11;1p,llPts. 0IlP IIW 

‘l‘lrf, tvt11:11 ioll of iii01 ioii ili t lit, t r:itisvt’rsc t)l;illv ii) t IIt’ 
t,l’,‘,wll,‘,’ 01’ ;I jrt‘t tli~t~l;i~~~~iii~~iil r’i’v~i (r. is .f’ = c,,.sii,(~)siii(~)(.~ - .v,,) (I()) 

;=I 
‘) . 

g + I<L’.j. 1 tiL’b (1) If’tl 1~’ iiliqnligiiiiic~iil f’l’I’(lI’S ill’f’ lillC~\‘l’ll. clllf’ c;ill (.:llr~lll:llf’ 

I)01 II t IIC clistblacrliic~rit i111tl qlot)f, of t 111, lw:iiii m>iil rokl aI 

Jv]I(~rf~ /Cl’ zz f+ ~~11~1 1, is t IIt, t>ll:lSC‘ CltlVFlllCf~ nit llCJ1lt 9tlFlCf‘ 
11115 CIICI of tI~(b 71 ir1aywt t~wio<l. If tlie~ iilisaligiiiiic~iit ~~rrot3 

(‘llill’~:(’ i,ll~~ L) iS t II,> jpllfitll Q[ tIlr t,,,l.iotl, [I’ tll,> ~,f,;llll HI’t’ 1~~111~1~1111. 1110 (list~I;II.t’IIIt’1It il~d SIO~W (,r t IW cwt rchl 

is cc~~~l(,rc~cl nlivn it r’iit (-1’s a iiiisaligmvl Illilgllt~t , tllf‘ll t 111, 
I l’il,jl~~‘tO~~ t ll~Oll#ll il S?.Str’lll Of II lll:rgllc~ls aI’,> gl\-(2l ;Is 

~;ol111 ioii to r,ctliat icw ( 1) is oI)taiiitvl as r1 
- 

.r*(s) = h[l -(‘OS fi(.s - .s,)] (‘L) 
.f’ = siii ($)s C 2t5, siii( ;) ws( $)s’ 

?=I 1 
:llll I 

.I”( .S) ZZ h.(j sill fi( S - .S, ) (:I) 
, ‘cbs(f-).s 

[ 
22+( siib($)sil,($).5, 

I 
(II) 

,=I 
;\I t II{, ~PIICI of t 11~3 iiiisi3ligiir.rl Iii:tgl~f~l 1 ~f~riocl. I III? c)likf~r< 01 

1 II~> I~V:IIII r,viit Iroi(l ar(‘ Kin,ir I)! illIll 

J’,.,f = h[l - CO8 h.l)] ( 1) 2.’ = $ cr,s;(; )* 

;lll( 
[ 

c 2,\, siii(~)cos(~).3; + 
i= I 1 

.I(., = f,6 Sill fiI> (.j 1 -siii(fi).~ ~~~,siii(~)siii(~).~j I’ 
1) IvIlc~l~r~ I) = “,f - ST, [ ,=I 1 (12) 

l \\‘<,I It h~~l)j,llf.t~~cl 1,). I ‘.S. I )P~~I~~IIIC~II~ <II’ I.:IwI.KJ.. ()Ific.r, 11f Hasir. ‘l‘lw s(tii;tw or’ t Ilv aiiltblit 11clr3 of t Iw II~.;IIII owillat ioi1 aftw 
I*;I~,.I~!. i;r.ir-t1c.w II~~CIC~I ( ‘C~IIII~;U-I UIB. \I’-‘II-lf~!~-l~;N( i-:H. 
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~‘:l”“:lp’~ I l1lY~1l~ll If lll”gllt’1s ii; 

,I’= .t.‘+ (L)‘= 
[ 
~l;‘;sill(~)ros(f-).q; 1 

2 
$ Ii i=l 

[ 
~za,si,,(~)si,,(~).~~ (13) 
<=I I 

~\l‘r VI siithl)lifyiilg. 1 Iii- cat) 1,~ wril t,vir as 

rl’ = 1 sill’ - ‘2’ 
[ 
g-*; + p+&5, (‘OS 5(s1, -sy) 
)‘=I 0=1 pfq I 

1’01~ a s-1 0I’ ii ii,il~‘l,c,l,(ll’l,t. iclfdi,C irally tlist.i~il~,,t~~tl ~:III~~OIII 

c’ri’r~rs, ll101 ;~vc-ragc~ of 1.11~ rlist ril)lltic)ll for P;ICII III~I~IIC~ is 

<h, >=u fw i= I..... II 

< IrF >=< h’ > iix i= l..... 11 

l’::lCll powil~l~~ SPt of I IlC I? lllil~l1~‘tS will Kivp :t (lifl;~rpllt 

1:1111(. i;bl, I/. ‘l’ilkirlg llifx avr~r’;~g:c~ vi~li~r~ o\‘er all st>t.s gi\vs 

< 6,,h,J >= 
i 

0 I’ # (1 
(5’ p= ‘1 

CI t 

< ,I” >= ,I sill’ G 1) < (5’ > (1.5) 

01‘ I II0 1’111~; \-irl~lc~ is 

(Il.lIIP = 26, ,,l.q fisiii( !! ) 2 
( 16) 

{vi1 II 

~1~111’ = (< 6” >)+ 

III. ~I,IC:NLT ROTATION Ert~tons 

II’ 1llf’l.f~ ill’f‘ l~:lll~l~~l1l f’l’1’01’s iit 1’01 :I1 ic,il (,f c~;rcll IIl;1f.ylt~t 

;tI~o+lt t II</ :Isk of 111~’ lijc,irsiilg ~~II:IIIII~~~, I IIC~V~~ lvill I)tx (.I.;IIIS- 
b vrst‘ ailil~lil tIcIt‘ grow1 11, ‘1’11~~ cl~alig<‘ ill 1 ~:IIISWIW ;iIiit)Ji- 
1 Ilrlf> (S:l,l ii, J’. .I” I)llilSC’ Vj’ilCl’) is C;~lclllilt~~tl I)? coilsi(lf~rill~ 

11111 ( ‘r~~ii~:il~l-Si~~~I~~~ iliwrji~tl~. II~,., tlt+i~l~~tl ;+s [‘,I 

I I :,. 
x = 7 ,,.. I.? + 2r,,,..r.r + lj,,.., ./? 

(IT) 

‘l’lic (.li;1iigf’ ill I l:v for X sticcfwiw III;I~II(~~S wil II IYII ;i( jc,ll 

C\l’I’( II’ I ,i , ih (A] 

i? I I :,. z ‘Ts: 2t I? )(+.Q + ,j,~4.‘.:)h.xI’,4t~x!/4 (IX) 
4= I 

‘l’llf’ ~‘llilllg:r’ iii rarlial i,ii,~~litI,~l~~ is a j,,;lAyilll,ll,l fi~y tl,,, (‘;16r 
,I,. = ,I!, = j=. WIM‘IY jj7 .I::,,, = ~j,,~n.r.Il:~,r,. I’Isj),,f~9sii,g ” 

.r. .t” 7 !I, Y’ iii twiiis of tlw altqblitii~lr ;IIICI ~>II;~sc~ 0f t 11~ 
t~r:ItlsVt~rsc~ uscill:it~iolis, oiics ul,t.;,ilts [‘,I 

64,, 
-r- 
J,, 

62 ~.41’*(~(:~,~,4,j,‘4)t sili(ti,, + ‘1X//) (I!)) 

A=1 

WIl(~lv Q<, is the SIIIII of tliv .t’ an(l !J startiilg ~~II;Isw. jr is 
I lw I)lin.w atlvariw of 41 lwr oscillal iota, nutI 1 II~, srll)scrit)t 
or sul)~~rsrrit~t X 1.r.bt3 to t IW ~;IIII(~ at tll(t ,\ III;I~IIC.~, ‘l‘l~(,r(t 
is a valw or’ d,, fiw wliich c=ctlint ioIl (Jr)) iq III~X~TIIIIIII. I:ol 

illis \.RIll(~ illltl wit Ii 1 Iir nss,ltt,l)licw ol’ ll~l~~~~l~~‘liil.t~~l ~‘I’I‘OI’S 
c A. wit II ~IIIS VRIIIV f. 011e leas [‘,I 

Ip) ,Ilrl.,‘z; 2 11 
[,,;, :i!.yolq 5 (20) 

I\-. NIIRII:III( $,\I, Sl~llll.,\‘l’loNS 

Rlis:,liyi,,,,vitts of Ilit~ c~lwi r011 liil:lc b,ciisiilg I ril)l4bl,s wt~‘t’ 
sl~,,Jivtl ,,sil,g ‘Lit,\ NSI’OtX’I‘ [I]. Q r~atlri~~~~d~~ I,rilplds n3w 
rnlirl~~rril~ i,risiilig,,rtl (ass,,,,bi,,g 0 (:;l,issi:,,, (list ril),,l jr),,) 
n-ill, o,,.,,, = 0.3 II)/11 RIICI (5,,.f ,,l = 2.0 7uwtl. ‘I‘l1rtv 
c:,s;Cs n-w m,wi~l~~w~l: ( I ) Iatc~rnl Ilis;l’l:lc.c~lllc,llt,, (2) IY)~R- 
t iou illW~llltl tilt’ tr:lllS\~c~lw~ aScv3, alttl (:!) r~ll:~~lrli~~~~lf~ fit>l<l 

gr:~clic~,il vrn PI’S, 
‘l’(~ti st:it ist if-ally illtblwl~clvllt sds of iiiiswligilcvl 1 ril,l(*ts 

\Y*‘~I’ j~i~o~llicc~~l for t~;irli l,ypf‘ ol’ riiis;iligitriic~irt ‘I‘ll,> ],(‘I’- 

turl)cd t r.;,,icytwiw wvw 1 ~I(.II c;~l~~~~l:~l.t~tl llsillg ‘I‘I(,\NS- 
l’Ol1’1 [I]. ‘1’11~ ritis clr,viat his of I 111% IW;IIII rt>111 rr$l ;1l011g 
tllc, ~~h~(~Ir.oli lillar \vf’l’t’ c~;ilcltl:tlc~~l. 1”igiii.c.s I ;iiltl 2 illIis- 

fr:itv 1111, lw:iii1 cvi1troi~l Iliictiialioil cliif, 1~0 tlisl)l;lc.~~lllc.i1( 
aiicl rot at ioil t~ri’ors rwjbwt,ivc~l!~. 

\-. SlUlhli\ll\~ .,\iXl, I)IS(‘I’SSION 

‘I’lir, c’allt 111’~‘ of’ t Iif’ posit roils ii110 t II<, I)iilswl sol~~iloicl lo- 
cnlrcl :il’lf>r 1 IIP Iwsil roii ~~ro~l11~1 iclil t ;II’~vI (l~y)c~tl(ls OII II~M 
rvell llir r~l~c~lror~ IW~IIII is c~r~i~lf~r(~l (III 111:11 t:~rg:(~l. II’ t,l~f, 

c~ltTll’0ll l~c‘itlll sI)ot is (lih(llil(‘c~cl 1’1.~~11 I Iif‘ c(‘lih~r ol’ I Ilfx (;!I.- 
gt-t 1)~ hp. ill orclvr lo II:I\+J a NY% cal)l~tw, hf sII(BuI(I I)(’ 
- O.ltl (tl = bt cfr)! tlitrfrtfff 1.). ‘I’llis c.l~itvri~qt wts t11v lillk- 

its 011 III~~ iiiiwlig:llillr~lII t~~lf~r.airc~c~~. I’:ClllilfiCtll ( Iti) sl~o\vs 
I Ililt 1 IIf, S1illl~l~ll~~l cl,>\-iatioil is j~ropc~l~t ic,ll:tl lo rills crrol 

alicl gl’cnvs ils I!+. l’iqin5 I :ii~cl 2 iiiclic,;klv tllis rf~I:~li~~t~. 

‘l’lif, sii11111:1t ioIl aIs,) hl1011 111:11 I Ill, 1.:lll~l~~lll ‘Ill:lrll ll~“‘lV 

~liil,l;tr.f~rrlc~llt rvl’i’t~l’~ II:+\“ sl l’r,l~,~:r’r vI~I,I~Is I II:III 111~. 1~01:1li0~~ 
vrrori-:. ‘I IIis iz 10 IU ~~,~~wI~IIYI $1 IIC.II I II<, (~II;I,II.II~II,I(.,~ ;,I’(’ 
a~.r:~iig~rl w s~~illillf~t ric I ritrl~~l, ‘1 Iir, iii:i~i1~4ic lildrl g:l.:l(li- 
t.111 x:Iri;llir)ir 011 f~ii:1~11~11~~~~1~~~ is 51)~‘~ ilif,cl lo I,(> l~~lif-I, 1/1;111 

!).I’%. Sil,i,il:,lif~t,:: ii,cIic:,1<, tliat IIO ~i~ililic;iltt I,CYIIII Of~g:l~:t- 
(Intic-w c~ccliri al tlris tolr~r:rl~c~~ l~.\.~vl. Siilliil:lt iiqls iit,lir:,t(> 
Iliat ;I ~):~i~allr~l cli~l,l;lc,,~i,lt’,lt ( I’V~I ~~II~I.:IIIW or (\.:I J)P,,) ;1116l 
;III iIsi:ll f~d;il bit c~i’fi~i’ Io~c.~:III~.c~ 01’2.1) ~rl~trt/ ;II’~% ;~(.c‘~*l~t:tl,l,~ 
(SW l,‘icllws :I 211’1 I). 
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1-I. .~~‘I;NC,\\‘I.l~:I~C;Ehl EN’1 

;\, N;jssiri II:IS grt’;~l Iy I~t~~rc~fiktl fro111 cliscussioll wit,11 b:(I 

( ‘I,c,s:ljic> 01, tII,> 11rrl tlt~l,:iti~,ll rfl;v.ls ii1 I~c~aln focirsiug sys- 

IVIIIS. ‘~‘~~:III~s 11, ll;il)il~(lc*r 1\0111 lin Iw:flll co~~vcc3atiolis. 

\-II. RFI~I%EN~‘ES 

[I] Dakicl C’. (‘arc*?;, “‘l’liird Ortlvr ‘I’l{ANSI’OKT wit,li 

hI1\1) I11)~11t.,“‘l’Rl-l5-l~i, P’NAI,. IOPP. 

[2] :\, N;\ssiri. \V. \l;w~lowski, ;111d (:. Rlavrogt~~~c~s , “‘1.11~ 

Ill~irctol~ l,illac IJor ‘l’llr ANI, 5 (h\; Atlva~l~tl F’l1ot011 

solll~c~c~.” iii I’rw~ccd/r~!~s oj1Rc 19!IO Lli!tnr ilccr Ifmfol~ 

(‘OI,J; f’C,ICC. ,‘. (il I ) Sf~ptrwll,tv IO!KI. 

[I!] II. 1). Rlltll, “‘I‘lw Nest Liiiwr (.‘olli(lw,” Sl,,\C ‘- 

1’1’1% 5.106. SI,,\( ‘( 1”~‘1,1.11:11.). 1991. 

[I] [\I. I~~~izw. ‘.‘l‘llcv,~.y ,Iiltl Deign Of ( ‘Iinrgecl I’avt,icIc 

lh1111.” I’irivq*rsity Of Rl;irylr~ilcl, l!b89. 

[‘,I II. (:lllcl<slc‘l.ll, “‘I‘~;~IIsv~~Iw I~~:IIII QIaliiy 111 Liiiacs,” 

iif I’rwttt/fu,qs of ,S’i.tf/f lIff~~~~rnt2o~fn/ (‘Otffc lY7fCC Ofi 

/If@ I:‘ff( ~gy .~lcccIrtnfo~~.s. 11. ISi, i!lfiT. 
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rot,:11 iowd wiu 

-se , 1.0% polo wp Cmld ~FPDP 
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l”iglln, 3. I~‘RIII size (s) I)rolilr vi\ri:rtioli ~llw to fic,Iil 
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00 
5QQ 1ucm 1500 
Distance. s Ccm) 

lTigiIw 4. Ijrnii~ size (y) ~)rofiIc vnriat imi (lur to fivltl 

gratlivlit. vroi 

R - : Nca FlPld PPPOP 

421 

PAC 1991


