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RESEARCH ASSOCIATED WITH SINGLE GYROSCOPE DUAL. 
RING PLATFORM INERTIAL GUIDANCE SYSTEMS 

Liu Shiduan 

Translation of "Dan Tuo Luo Shuang Huan Ping Tai Guan Dao Xi Tong 
Yan Jiu"; Inertial Guidance and Instrumentation, No.3, 1995, pp 
43-48 

ABSTRACT This article puts forward, and, in conjunction with 
that, studies nixed inertial and geomagnetic navigation systems 
composed of single gyroscope dual ring inertial platforms and solid 
state geomagnetometers.  in the article, discussion is made of 
system construction as well as operating principles.  In depth 
study is made with regard to system mechanical lay out.  In 
conjunction with this, analyses are completed of system accuracy 
with a view toward cruise missile flight status*   Combined 
inertial/geomagnetic navigation systems are capable of supplying 
navigation and guidance information which is the same as that 
associated with inertial guidance systems.  They are not only 
capable of providing longitude and latitude. They are, moreover, 
able to supply euch information as surface (illegible) as well as 
attitude angles, and so on.   Due to the fact that inertial 
platforms only make use of one gyroscope and two accelerometers and 
there is also no bearing stability circuitry, therefore, the 
structure is simple. Manufacture is easy, and volumes are small. 
Costs are low.  Another obvious advantage associated with the 
systems in question is that there is no need tp carry out azimuth 
alignment.  Preparation times are very, very much shortened. 

KEY WORDS   Inertial navigation system  Magnetic heading 
instruments Low cost guidance system Single gyroscope platform 

I.  INTRODUCTION 

As everyone knows, inertial navigation is one type of advanced 
navigation system. It is strongly autonomous—capable of using 
continuous, complete, and highly precise methods to supply various 
types of navigation and guidance parameters. Numerous advantages 
make inertial navigation systems into pieces of key equipment 
associated with delivery vehicles. The most outstanding problem 
associated with inertial guidance systems 1B expensive prices. 
This shortcoming put a good number of users in terror of them for 
a long time, not daring to get involved with them. At the present 
time, various types of inertial navigation systems are in the midst 
of a phase of rapid development. Long strides associated with GPS 
have gradually changed inertial navigation systems in order to 
pursue set ups with high precisions as the primary development 
objective.  Lowering system costs and reducing volumes has made 
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2.1    One Mixed Inertial/Geomagnetic Navigation System 
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Fig 2.2 inertial Platform Structure Schematic 

i Flexible Gyroscope with Dual Degrees of Freedom 21 and 3 
Flexible iSSSirtS: 4Pand 5 Dual Axis Geomagnetometer (6) 
Direction of Flight 
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3.  SYSTEM EQUATION SET UPS 

S?st^sao;t
SfcrT?e use of northeastern celestial geographic 

„HT^^« to act as navigational coordinate system.  Platform 
coordinate6 .%£. "seT%,. 2.2, and geographical coordinate 
systems differ from each other by a course angle a. 

Dative f°rcesEarf acceierometer readings. System relative 
force equations are: 

n = V:+(2ncos<pcosa+a.TR,)V!-(2nsin9+<«<p.)V; 
fj = vJ + (2ncos9sina4-<,)Vr-(2nsin<p+<.)V! 

n*   +-ho   fact   that   geographical    coordinate   systems   are 
Because   of    the   tact   tuai   y0^1  f     .        +.h*»ff»fore.   necessary  to 
^relalSe "£»£.%£2 tnL^nto^^graphical syrtem. 
The projection equation is: 
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rK 

(3.2) 

in geographical systems, the system velocity equations are: 
(3.3) 

jVF. = fE-r(2flsin<p+ü>z)VN-(2flcos,P-<u
N)Vz 

|VN = fN— (2^sin<p+tuz)VE-i-tuEVz 

S^pec1iv^y;%rarhrie/bo8dy9v0e9l c!tles in ^g^g™^ 
north direction.. ,<*•.%• J^J&JSZ iTTlist, north, and velocities associated "£h displa««ares *ral situations, the 
celestial directxon.    Speakx^^^etiMOig ^ ^ 

^pareT^y "Cll and can^'ignored. As a result, eguat.on 
(3.3)   can be simplified to be: 



VE = fE —aw. 

(3.4) 

anE=-(2nsin<p4-"*z)VN 

aBN=(2nsin<P + u»z>V':- 

anrf   a      are,   respectively,   back   accelerations 
2J3S^it^^dlÄtioni and north directions. 
aBE - -(2ßsin<p+wz) VN 

iR-fÄE?'calculating ground speed is: 

V=VV|4-V5, 
(3.5) 
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p flnd R are, respectively, main curvature radii in 
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locations of carrier bodies are. 

(3.7) 
X=<i>*/cos9 

Platform Control Formulae t    avroscopes are composed 
Control moments of rotation givenJo gyr       ^ velocities 

of    two   parts.       One .P^K^Krth     The other part compensates 
associated with the spin of tJ%e«rth^Tne    maintain the platform 
?or positional angular velocxties       order gyroscope axis. 

gäiVeS SS pfatrrm^Ss-Thfpro.ection relationship 

is: ' cosct      sine »E 
(3.8) 
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installed along Course Angle E^ations:eterB &re iu 
Referring to Fl9-2't' 2    Assumina that the horizontal 

platform coordinate •?*****' Assumin9   when platforins turn 
Component of geomagnetic fields is       horizontal plane, the 
through, a counterclockwise angle«in coordinate    «, and H^ 

III ^nothing °other thTn ^magnetometer outputs.  Thus, compass 

course angles are: 

a=arectg^  (HJ^O) 

a = sin(H;) • 90'  (HJ-0) 
(3.9) 
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in adjustments. maonetic deviations exist between 
reality, compass magnetic and magnet ^ necessary ^ 
compass course angles an^uecouof calibrations are as shown in 
apply calibrations. The **££*£%££& are concerned, refer to 
Fig.3.1.  As far as the specific metu ^ ^ basis Qf E X^ ..». — -     — >»••  ———  —        ^ 

Reference [4]. ± possible to draw up calculation 

navigation systems, as shown in Fig.3.2. 
4   SYSTEM ERROR ANALYSIS 

With a view toward cruise missile flights, system error 

equations are as follows: x=FX (4.1) 

Inequations,       x=(8V,8V,5<p 5X <px<p, oa e,e. V, V,)T \        (4.2) 

j  is a systen, error status „atrix.  The non zero elements 

are: 

8 



v 
FL^-^cosatgtp; 

Fl.3=-2flcos? 

tg<P Fl.7 = (VxVysina+V;cosa) ♦ -^-; 

tg9 F-.^ZnsirKp+Z-^CV.cosa-V^ina); 

F,j = 2ncos<p • V, 
V.cosa —Vr3Jng 

Ft7=—-^(V.sino • tg<p+V,cosa); 

_    _sina 
F3.1--R-; 

F,.7 = 

F,.: = 

V.cosa —Vrsina 
R '' 

sinasectp 

V,sina4-V,cosa 
F<, = : —2 sec?; 

Fä.j=— Cls'ina • sin<ps 

F5.7 = ncosacos<p; 

F    =!. fs.i     R> 

F5.ä = — n.sin<p—^(V,cosa-V,sina); 

F, ,= -(2ßsin<p+-jj-cosat8<P) 

s<p • Vy-^I(V,cosa-Vysina)sec2<pi     FM"    6 

Fi.,0-1 

V„sinatg<p 
R 

sec29 • V,; F2.s —g 

cosa 
F,.2 = 

Ft.l = 

F«.,= 

R 
cosasecp 

R 
V.cosa —VTsina 

R 
tg<p • sec? 

Fs.j—      o 
_1_ 
R 

tg<P, F,.6 = nsinffi-r-|t(V1cosa —Vrsina) 

F5.8=l 

F,.3= — flcosasin<p 

Fs.r= — Qsinacos<j> 

/47 

. ,    0 -Hhrouah solutions of matrix Riccati This article goes through soxu  ^^  propagation 
differential  W«^" Jf1 w£th  system  errors. ,   During 



E(SVL) = E(8V;„) = (0.1m/s)' 

E(S<p?) = E(SXj) = (0.5')2 

E(^o) = E(<p^) = (20'')2 

E(Sa2) = (0.25°)2 

E(V;) = E(V;) = (10-4g)z 

E(e;) = E(e5) = (O.OlVh)2 

*H„M- time is 30 minutes.  Calculation During simulations, flight tu» x^ ^ ^ Fig..s, option is 
results are as shown in Fig. ai *•* -fied measurement units, made for the use of international unifieam ^ th are m From simulation ^ijes, it is POSSIDI errQrs ^ functlons 
some increases associated ^J?on for this is that system error 
or elapsed time. J^ "££»££*inertial guidance systems are 
propagation characteristics ana lation phenomena. The 
similar—with the existence of error a       comparatively slow, 
sp^edS of growth in^arious types of «rro^ ^      te-n system 
clearly showing that P££«lons fa.  After 30 minutes of flight 
utilization are relatively aJ*. Latitude errors ö* < i.i  • 
velocity errors 6V and 6Vy < f^uction is made of the initial 
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CONCLUSIONS 

!. sparing mixed >£g£ß™2^ ^TSTISTS 
and conventional «ertial n^*tX%£*S\ie 'autonomous types of 
volumes   are   <W*atxvely   small;•      ™ey  a u8 of 
navigation systems, capable °£ "W^-JJ^^ navigation systems, 
navigation and ^o^^^^^^^^^ preparation times 
Systems possess «^»^i.*1* noS8ible to say that the systems in 
are relatively short. ^."P^t performance/cost ratios. In a 
question possess comparatively high Perro^a ' use them in order 
dumber of application realms, it "g%£>lB Th are a type of 
to   replace   inertl*l   n*£^e°ly JSddevelopment prospects. 
navigation system with .«^SSetifaavigatioS systems already have 2.   Mixed inertial/geomagneticnavxg j in tlon 

a good development fo™*a£°*£jnt?evelof inertial components are based on the current development Jfvex gyroscopes    and 
domestically. »W^««»*-    «*£   A^g  platform^and  velocity 
accelerometers are not high. J^"slra?lar. The latter have 
azimuth Pl«tf°™ x^y!*~ Sl£^n China. In another area, 
already been *ewl°^  ™^£s     constructed     with     the     use     of 

fepntSof ^^rese1^6 associated   wit.   the    system    „ 

question 
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