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v  GEYRoSCOPES

e MporRIED TRANSPORT THEOREM

»  PRecessioN
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G\ RoSCcHPES

VPTe Now , MAVE CoNSIDERED PRoBLEMS
RELEVART To THE R\Gp BodY OYNAMICS
THAT ARE TMPORTANT To  AEROSPACE VEKICLES

- UVUSED A Boby FRAME THAT RoTATES
WM THE VNEHCLE

ANGTHER  TMPORTANT CLASS oF  PRoALEMS
Foh  BoDIES S0CK AS  GYROSCOPES
- RotoR  W\TH  HIGH SPNn  RATE
- ESSENTIALLY MASSLESS FRAME  ((cakpan )

~ MASS cenTeR FuwEp) |, BUT RoToR cAN
ASSUME ANY  oR\EATATION,

NATURAL TIN  THIS CASE S
To VSE A RetATWNG

ser oF CooRDINATES

ATMCHED To THE TnNER
GMBAL. G

= Now FRAME of REFERENCE
NOT RACTUALLY ATTACHE) To
ve  B0bY (RoToR)

> NEED To MoOIFY W USED IN TRANSPORT THA
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o RECALL THAT WE  HAD Mcﬁ
AND  WE  SAID  THAT H

WCTH W BEING THE ABSOLUTE ANGULAR
NgrLectY oF THE Bopy.

Hn
tL

BY ASSUMmPTION, WE #ALso HAD H -

+  IN THE &YRo CASE  WE
SEE  THAT THUERE ARE
TwWo ANGULAR \ELoc! TIES
oF TINTEXEST.

-~ IN TERMS oF THE EULER
ANGE RATES WE HAvE:

oAl ANG.  VELOCITY :

W= 41, + 62+ V3,

ANGULAR  VELocTY ofF TNNER &GIMBHL MxEs:

* -

Ji = 1, + é'iy

*  TRANSPoRT THEPREM IN THIS CASE:

-—
W

Hu

5 °s > 6 - a =
MeMT =2 R+ JUXH H=
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0 PRoczﬂ)) MUST WRI\TE
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S AND A USING

™ME AASIS VECTHRS of THe TnNER GwMBAL FRAME,

e Y
iz = — SWNo 2’( + C0S 8

c 2,

’S»)l»

e SO

w = i’("slNQ i;« +Cosesz) +

& 2y + \Yfz

- -bswe 2x + 62y + (Y + bcose)2,

-

22

find ) ‘ ) .
L= - b swe 2¢ + 62y + bCo5o 2, (,Jo wsz)
+  MGULAR MOMENTUM = TGNoRE MASS of &GIMBALS

AND  ASSUME T, ~ MoMENT of INERTA AfouT SPN
Axis
48ouT TRANSVERSE AXIS,

T

“7- -Iw = I_e
Ty
Lo s

-z, gsSNe
T, ©
Ts (Q-@&Cbse)

Y+ 4C0S8

-

d

- &SNQ .

&

ofF RoTpR

—

NOTE: RgToR
TS MNNING
WRT VG " FRAME,
BT DvE TO
SYMMETRY , T¢
TS CoONSTRNT.
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» S0 , In TERMS o THE FRAME ATTAcKey To

THE  INNER GWMAAL :

- %

ﬁi -1y ( & sne + bocose) —?
T, &
RS (& + &cose - &éSNO)
N Mg o - deose ® V-zeoswe -
b cose o bSiNG Te o
. hswe O | Is(t'ucbcose)_

M= -Te (fswer 266 cmo) + 6 (V44 cose)
My . oI ( 6 - &26059909) + Tobswo (w+ gcose)
My Tg ( 9§+ peose - 66 5mp)

. NoNLINEAR ' 2™ oRpeR , Py covfLeo

2 HARD To SSWE foR &6 ¥ GueN M My Mz

» Lok AT SoME  SPECAL CASES.



STEADY  PRECESSIOpN z

o EQUATIONS OoF MpTiod FAR T coMPLEX T3
SoLVE TN GENERAL.

- TINTERESTING  SUB- PROBLEM

» ASSUME
) ANGLE © (NUTATION)  CONSTANT.
2) ANGLE RATE cp (Pkr:cessw/u RGTE) CONSTANT

3) RotoR PN \\) CoNSTANT,

\ 0= C 5 = B 0
\‘7 . i o 6 Mx z2 0
- C D
1)7 i& 2 ) Qi. M.,_ -
3),, ¥=Cy, ¢ =0
AnD My = Tp (- & coseswe) + T & swe(iriass)

= <i>$m9[:cs(v+£Cose) - I,L'? cose—]

e FoR f &uWEN G.MY,IS,Ie,‘i’ WE CAN
PRED\CT THE  PRecession RATE!

~ WAAT IF &< d0° !
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IN TUE CASE e-:‘!o’,

Precession axis

Tug RoToR SPw AXIS IS

Couple axis

TN THE HoRzZOoATAL PLANE
<2 MY'-‘- I &Y

Qs M‘l
TV

Now  ExPLie T THAT TF we ALY A  MOMENT To
kA GYRoscobe ABoUT AN  ANS  PERPENDICULAR

To TTS A0S oF  SPIN |, TME &YRoOSCWPE WILL

PRECESS ABOUT AN  AXIS  PERPENDICULAR To BoTH

TME SN AWS  AND  THE  MoMENT  AXIS,

2« (veRTicar)

=  ToRgue ARoUT 2y AXIS PRecess ABouT
-  SPIN ABOVT 2, 40

DWRECTON oF PRECESSION !

CRUSES Pos\Tive €ENO oF <SP Ax'S

To RoThTe ToWARDS PoS\TWE ENQ of
MOMENT HO\S.
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) swce b - M
TV

= BR A GUEN EXTERNAL MOMENT . THE

GREATER THE sPW (), THE SLoweR ThE
PRECESSION (&)

" SPIN  STARIWLIZATIN "

2)  BECAUSE oF THE RELATWELY LARGE CopullES
REQUIRED To CHANGE THE OoRIENTATION of

THE SPIN AXLE | GYROSCOPES CAN Re VSED

To StABWZe  ToRPEDOES AND SHIfS

‘3) SEE  EXAMILES.



