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Study of Simulation and Evaluation of Perturbation-matrix
Guidance Systems

By Hirokimi SHiNGU, Masao Otsuki, Koji YaMawaki and Takashi MoriMoTO

Abstract

A method of evaluating guidance precision in p-matrix guidance systems is described
and an example of calculated values of guidance errors is shown.

The simulation method necessary for the design of IMU (Inertial Measurement Unit)
used for guidance is discussed systematically and the configuration of simulation pro-
gramme, the model of vehicle mission, the method of determining the various parameters
of guidance and control system, and the calculation techniques of the guidance errors
are explained. The evaluation is done by using four types of perturbation-matrix guidance
systems, which are called a-guidance systems and contain strapdown IMU. The hard-
ware configuration of each system is different. The differences in the performance capabil-
ity among these guidance systems are compared and investigated quantitatively through
digital simulation. This study forms a more explicit conclusion about the following two
design concepts through numerical evaluations of the guidance abilities in a-1, 2, 3, 4
guidance systems. One concept is that the required precision of IMU should be determined
by comparing the guidance errors due to the deviations of vehicle parameters with those
due to the errors of IMU components. The other is that the guidance system should be
designed with the freedom to choose a system which closely meets the mission requirements
in order to minimize the possibility of over-designing.
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5.3 FAHBDRODENHY L HRBORE
FEMEALOZFREIBE I »v 2 YKL TERD S
NED, CCTRRA%RE T ER Y sy biCE
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a,=KuKs.Kp, Kp, A, (5.47)
2, = K.Ks.Kp, (5.48) 28 RoOREFEROH
Ka=TL. /1, (5.49)
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LTHAHT, FTLETRIBLLIOMETH 22—
72930 LT B H20B8 b TREARE
Fdozétnb, (568)RXEANLAZV, £ T
3P LT 208 TOMKEBERIN S Ks, OBHE
RDDB, vial—va &ERELDP0t<20sec
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Tdhhifle LoTKp, =1¢LTa0<01degils
AL A
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12.2 <K, =Ks, K, <28.0 (5.75)
thBDL, COK, 25H30 OMBHL 2T I
0.23 <Kp<0.3 (5.76)
Tadhid%Zozn, Kp, =1, Ks,= 24+ L,(576)
1 Kr r2ohid
Kp, =1

(5.77)
Ks, =2 (5.78)
Ky =0265 (5.79)
E% b,
K,
401
NN
N\
20
101
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0

30 K, . Ky OFERHE

2027y 7L LT, =T o NOFAFEr— 7
(R2)ORBERES 5, F1BROXEMEE A, i1
E21L&bh

21< 4, <58 (5.80)
Ehbo M28CHNT, Kp #5(5.76)ROBHE K 3
by 2 Kp#30.6<Kp,<1.0 L Fhit, RHEKRET
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0<Kp, <0.062 (5.82)
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Ks, = 084 (E2K) (5.85)
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HEBLIFMLELBEVWLGDOT, B1BTOEHTRD
AT TLVv, Kp, =1 5B LT, A, WERETHHK
BELTKs%
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50, a—gikBlLTtrzhie{FLEEZAVE
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1 B 2 B 3 B B
" a—afy K, 1.0 1.0 1.0 rad/rad
. e Ks, 2.0 084 0.2 1 rad rad
, €y 57f K, 2.0 084 0.21 rad T ad
) a—-rfEEK, | 025 0.25 0.25 rad/ (rad/sec)
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€y 7HREKy, | 053 0.245 0.084 rad/ (rad/sec)
EE 0.035 0035 0035 rad
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EEERO#ME, ILCRAEBHIE T 5ETO#EES
(HEER) tBRT 4,
6.1.1 EyFazrFL— b
RBAGKBAKL[FERAT 288, BERNLHE IR
35, RBHE B2 ACHAL TREL, MiERL
B2 nwBRHEKKRE LAFECE» THFERZED
BRECZAELD TR, COBHKI > T&ETHY »
FEitbbOE— A MABBRFIBHOEKE 2R,
Fhwz, KEFORAC LN THBLBHLBOREHK
Brhrce(Thbd, o Fr— rBENF—Y V-
MCEBZ E) BET Lo BITREOFELKI T 5,
K34 KMRAGKD t =t , L2 BEC 3T B EMEZMH,
HRKROEE~2 ba Vs Vi, » Vi Vs FLUR
Bzt W, . W, 2Rt ThbLOX7  VOER
3509 %%, ZOM3SCHENT

An=7,—7, (6.1)
AV, =V4,— Vg4
=W;,~W,)— WV, ~W,)
=aV; — sW (6.2)
At =t,—t, (6.3)
THb, 370t St=t, FITLMANKEORS %

Bwnhdd, V1, &

t2 .
V., =¥, +Stl[% {¢,sin7(2)+J, cos7(2)}

_}'vy]dt (6.4)
Ehb, FHEOTEEBTL DAV,
AV]:V[,—V]l

t2 . . .
:St (%{h sinf(¢)+),cosn(t)}—4,¢)dt
1
T.. . )
—;[h sin(¢,+6, A8¢)+ J,cos (2, +0,0¢))0¢

— J.gOrt (6.5)

tnbo czTD 6,, 0, & (0, 1) oBAKSAS

{ET1 —‘%Q"J‘{Ei bo
(6.5)REBAT(62)ARTHFEEILL

OV, = i,(—z sing(¢,+0,0¢) — %] Nt

+j.E%}cosn(t,+0¥5t)—g—-€§§ilat

(6.6)
b, cetaW., aWygaWo 4, J, 51

ODEPTH5B, CD(66 )% n, np WL TH
ST R

T . a8 ,
&V, ], =( {-;l-smﬂ(tl +60,0¢)— At‘} cos7,

T oy,
- {; cos(t,+6,0¢ )—g——a—tl) sin;,JO¢

(6.7)

oW,
(&V4lp, = [{%sinﬂ(tﬁrﬁlAt )— At‘} sin7,

o,
+ [{;cos7](tl+ﬁzét)—g~Zt’—}cos7]2]At

(6.8)

b b, RABHENF — v K> T HRETH 9,
En,aELCRD, Abkat 2RIGESHhA ¢
=t,=t, s LT @V /dt)Boh b, CORBTOV
ORMBELE L n, » np, FARSCHET LI

(‘W") = gsin] —W,cosn +W,sinp  (6.9)

(dVA) ————gcos"i Wsmﬂ—W cos? (6.10)
thb, TV AY)YOBEFERXLD

d¥’

73 d:)n Va “‘_-‘K‘dt (6.11)
THb, (611)X%F->T(6.9), (610) XL E
B+hid

&%~gsin7i —ﬁ/;COSW ‘H'V,Siﬂ’? (6.12)

d¥4 T .. .

—_— = - — 13

T - gecosn —W.sin —W, cosn (6.13)

Eh b, CORARBDEN 2 - BT L TWER
BTHY T 5. CCTHMRAGEFELABIEL L TR
MINTWEOT, ThiKHATLIEOHRE (EX
0.004 deg/sec) RBHFET H, LAt>T(613)RL
ENF—v— 1 EROLAPR TS 5,
SEOYIalv—v 3T, B5FECRLAABE=S
FAd(612)REANTENE-v - 2EHEL,
N EERBIGEMLTE y Fa< >y Fr— &Lk
CNLOFHEERBLILEICL ST, DA a, £ E
(T2 22,0 Thke Ak s Fazxr Fr—L+ %
& 36 CirTo

6.1.2 BERMARKRORTEFH

BIE TR EHBERAUOEN £ — v v — F THEKC
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FEAARVENTREBIE L. LAasio TRAKCLSH
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H21 OMEEOEAICL > TROBEE I, WD
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6.1.3 FRER
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M41~46CTRT, LR EHICRT 2#ELLT
BE, 285, 228 B LBARE, TRV,
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HEEBOEBE LT, EIRKTH (FERTE)
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CEREFNMI

s ER LTIV

CYVRIRY 2Ty Y 2=0.001rad
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