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Expressed in Io the position and velocity level equations are
given by

l cos10 lzcos02 lzcosOz lo 0

l sinon lasinOz l sin o 0
Pos level

l sinton0 12sinOzOz l sin103703 0

4cos 9 On lacos a da t l cosg g o
Vet level

Solving the equations for Oz Oz Oz andas yields

02 0 077 rad 4.4330
03 2.239 rad 4.044rad 128.300

02 1 684rad s

03 16.843rays

Orc Iga x pi.it 264.36Xo 208.77yo
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Loop eqns

Position level Velocity level

PortPaz Pao 0 outport
EÉ

Pn O

f cosQ tacosOz lo D

n sincon easing
o

sin É Écos102 hsinlong
l cosConOi izsinOz lacostate

12 83.986 É 48.292

2
3.072 rays

02 0.129rad 7.3990

Out 8222 3.07222

OrB Of Piz f f plz w x plz vBt wax lax

IzXz t law y 48.292 2 258.019792

In Io VB 81.177 0 249.652yo or in E QB hway
262.54
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4 Define the following quantities

Po Ost p Opt p BE Pa Pa 03T

Ps 03T P6 037

There are two position level loop equations

Po tp PatPz 0 1

PatP5 PG 0

Depending on how angles Oz 0 and 0 are defined the expression

of these vector loop equations in the world frame
change The

following uses absolute angles for which we have the
relations

x cos Oi Xo sin OiYo 9
i 1 4

Yi sinOiXo t costoiyo

Xy Xo 45 Yo

In frame Io equations 1 become

l coson tacosOz l cosOz lo 0

l sinOn lysinOz l sinOs 0

13cos103 lacos104 dy O

f sinOz lysin04 ao 0



where liÉ are the magnitudes of the rectors poop pups an

Ps 13 is the length of p and a is thevertical component of th

vector pg Solving these equations we get

02 03 04 d5

16.3530 57.8080 149.1410 208.68

Differentiating equations 1 writ time in frame 0 we get

wi x pi 0
2

Igwi x pi 15 0 0

Writing these out in the Io frame and puttinginto matrixform

we get Jr O where v 0 Oz 03 04 55 and

g

lisincon

easy

104 lysines 0 0

Ii CosOn tacosOz l costs O O 3

essinOz lasing 1

13cos103 14cos4 0

Solving Jr O at the current configuration for In w 5 weobtain

02 03 04 Is
0.478 1.810 1.120 316.26



Differentiating equations 2 writ time in Io we obtain

Etaxp t wi x wi xp Eg lit y lit Xi 130393 103 3 0

Iga xp t mix wixpi Isao f y b03g l ya t ly xp 158 0

Writing these out in frame Io we obtain

Ji JV O

where J is given in equation 3 and I denotes the matrix
whose entries are the time derivatives of the corresponding entries

of J Solving this equation for the unknowns in v yields

2 03 84 Is
7.760 14189 6.329 2712.519



5 Position level loop equation
iPo Pr Pa O

93
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yer
YoP2 75 Pa
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Writing out equation 1 in Io we obtain

lo t l Coston dzcos 02 0

4sinQ d sin q o
02 7 4760

dz 78.861 mm

Differentiating equation 1 writ time in frame Io yields

ow xp VB w y p 0 2

Expressing eqn 2 in frame Io yields

lysinOnOn dzsinOz iz dzsin Oz 0

I ask É dzcos102Oz j cos q o
02 0.186 tf
dz 3.253mys

Differentiating equation 2 went time in frame Io yields

on xp tow x Wxpn GB 2 2 4 B K x pz wax w xpa D 3



Expressing equation 3 in frame Io yields

l sin O É t d sinlopoz djcosOz laces90 25in9 Oz.dz dcos02 É

l cosa F dzcos9Ez djsin102 hsin90 205102Oz.dz d sin9 É

Solving these equations for the unknowns yields

82 0.366 rads

dz 11.108 M
2


