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3-Axis Attitude Control System of a Sounding Rocket (K—10—11)
By

Minoru HIGASHIGUCHI, , Shigeru H QSOKAWA
and Tadanao SATOO

Abstract: A 3-axis attitude control system applied to a sounding rocket (K—10—
11) achieves its task in the flight experiment of Sept. 24th, 1975. This system
can be applied for various attitude control purposes equipped suitable attitude error
sensor fitting to the observation.

This system can be considered as in three parts.

(1)  Attitude sensors: providing pitch, yaw and roll attitude error output
voltage that has saturation characteristics at § volts and appropriate
sensitivity about zero error position.

(2)  Attitude stabilization electronics: including 3 rate gyros and control
electronics which gives ON-OFF signal that actuate each one of side jets,
and maintaining the vehicle attitude within the dead band in the bang-
bang control mode.

(3) H,yO, side jets: mounting 6 side jets, at the tail of vehicle each
having thrust of 300 gr., two of these control pitch motion and four
others control yaw/roll motion. Attaching at the middle of the vehicle
2 side jets those have thrust of 2.3 kg each and generate despinning torque
before initiating 3-axis attitude control to reduce 2-rps spin of the rocket.

In this paper, flight test results are also shown, and these are so satisfactory

for sun and X-ray star observation.
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W 106 (X1,/4) C N—-10, R—-RG
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W 206 (x1,74) CN—-17, Y -—Error

3 ML >ERFER

K—-10-115#8I3MA504E 9 A24 8 14005 IC RE XL 7. ab v bORFT, BEgED
ﬁﬁ@?&fﬁﬁﬁ&oto%%ﬁ@%ﬁ@%@ﬁ%%%lﬂﬂﬁwca4vméwﬁ%m
EODTFRECVHBY 2 o FOBHBEIY, 2O54BBICo—1 L — Y w4 0iICEsT
AEYREDI °sec LTI -7 CEARE LT, SHEREMICT D2 5Nt
Dy DR AR 50" T & AL HBMICANH EE L, K9 a 1w T X 510K E 5
(Ey%ﬁ,a—ﬁ)ﬂ%%%ﬁﬁZWﬁﬂW@,itn—wﬁﬁl°umoiﬁﬁ@ﬁ%
Ko7, TNREMR UL BRICH 12 > TREICRE SN T 3. SIEBILSET OIREEIZ &k
@ﬁbféat.%Z&M%%T,%@(%@)%,%%%lwﬁwmﬁm%ﬁ@%én,
CORDREYHITLETrps TH »72. UMBICHEABDO 7Y v & 5 YBKRELI STH

This document is provided by JAXA.



" s _
1028 HIR KT HAZ 6 R F12EE 4 5 (B)
Yew[d4
Reew/ 91 AU AL 10 1 8on
Yeew] 4 {50 it mn 1 n_
Rew Jo— LU AU I Il I 1
J— L m U Tl 1 1 I 1
PdownJs i gan i 1 I i
Pup JeJ 1 u I 3l n 1 1 JL
125sec 13’0 135 \‘ 1%9_1 o 145 150 ]i‘SS 160 165 170 175
\
1
Pitch ‘ i ’""O 5 Pitch Error R .
Rate \ Tl 7N | 7N ,
(" /sec) _ 1
-2
-3
3
2
1
Yaw ©
Rate — 11
(" /sec) _12"
8
6
4,
Roll 2
Rate 0
(*/sec) — 2
—4
— 6}
~8
—10
1 9a K -10—115#0L &6 M®
Yaw Js
Reew[;! I 8 fl nn _n Ln R n
Yeew IT¢ L1 L n_ n L1 |
Fic“ J2 1 n i 1 1 ] 1 L I
CW[J; L 1 R L n_n 1l
PdownJs Pl I 1 n
Pup  Jsfg n n N I
250sec 255 260 265 270 275 280 285 290 295 300
| 4
|
2+0 5°-- Pitch Error |
1p-oe, P s o e
Pitch 0 S = =S = S = R e S
Rdte - 1 | \\_—’,/ \\\‘_‘// \\\‘7,” \\\\‘__—// ~
(/sec)— 2+—0 5 j
ol o 5. Yaw Error
go s S Lol A R R
Yaw O -';KQV e N AT N et N e
Rate — 1} ~-e” e T —— P g >
(*/sec)—2}—0 5
Roll Error
410 . oy ko N
ol /N PN - ~ N [N / \
Rotl 0 1_\‘,‘*/ 0 - A N e AR —— N\
Rate — 2t \\ // N - g \‘\\/ - o~/ ~ // ~ ya
(/sec)— af— 1" ! et Moo N v \ S
B 9b K—=10—-115 EoLAH M@

This document is provided by JAXA.



1976 £ 12 A FHBESES 1029

v, F v, F
05° 05
‘ (215) (205)
(175)68 N {5
2 Yiss L\ : N
0.5 0.5 2 — —0.5 (220) 0.5° 3 —
(180)
(190)] (200) 7o (210)

—0.5° —0.5°
v, F

(230)70-5" (240)

(215)
(250) () oMt

—0.5° 0.5 =2 —
(245 (225)

(235) |—0. 5°\<220)

B 9c K-10—11 SHEERBMEDES (5% 175 B~ 250 )

v, F v

05 0.5
(295)

(285) (320)
/ (270) (310) z‘

—0.5° Fs\10 5 2 — —0'5 0.5 3—
(280) (300)
(290) )

295 )

-0 5 —0.51 (315)

v, F
05

g 350

(365)
=05 [o 0.5 33—
(360)
(345)

() WiFsimieg

B 9d K-10—-115#ERBKBEOES G Mk 27108~ 3908)

This document is provided by JAXA.



1030 FRREF HA 22O SR H12%HE 45 (B)

205, FOBDOFRAE YEE, ZHMABFHAOEERHEA I TELONT NS,
RBEIEMICEAL T, OLBOKRBEENIa ~ditRT. Ko%a @372 rigtEk, =
i LBEIMBE DRER R LI bDTH S . BEH MIBRH®K 140 Bcidph ZOKEF 5
503° LRI A>T &, Ev Ty, a—AF—80obnb. lo—VESRI
RO TELE UL, BEHR &3 ZRBPCERHMRECA-THS. K9b i3
EHRDB TN EEREICE L 2500 ~300 WOREEZRLTVS. Ey FARRBEI—ED
EIAE-ON, I—ARIFRANCAHAZL. CNREBY 2y bEa—, 3 —FIEICHERL
IR BEEMEEICEADNEL TV ELpEELONS . ELHEBOHBY 2y FOEIDR
XXIBRE—DFEBLH L. FIHNOFHBRTH~BEHTHO, HBT L@ = v +D 1
DENEIZS0~ 100 ms O SVZRTREBEERIEE DL 7. K9c ,d BX9a , b
KA TE v F, a—8@IKETIREDCHEZR LLLDT, 3 - OBy FRAPOIR
E1 /2 >TVALEBEDONS . CNIFI—HEAY v PB2ETHO £y FHI M@
T2y M IETH > THIDB 2B >TVARLECRBE LTS @\ Yy PiCD W
THREEBERES W RTEY TH -2 . TAEVERBERORE VEIZ 1.5TrpsTH D,
BEHMBErSATK—108ay v FOBAAEY (3rps) I LTHRDPORNZRK T
W3 EBbmb.

*® 8 f@y =y PRULDIT =%

" o <E (HERKE) K&
B 5ooH t m % * i H
X + 120 sec |4.6kg x 10.5sec| 4.6kg X 55sec
1 FRE v l (0.341) (0.181) 524 %
132 sec
X + 132sec |0.3kg x 960sec | 0.3kg X 32.4sec
2 38 & E® t (2061 ) (0.071) 3.4 %
417 sec
. 336kg - sec 35. 0kg -sec
*® d (2.401) (0251 ) 1047

(1) 3#EmOBEEELP. Y. RESTHERDEBDTHAS.
P=16%, Y=22%, R=66%

4 % E
BElar o LR HAEBERBINRBLUOERENEBELOHLEINLEBCaT v
MEKRBAEMT 2 EAENETS. L - CTEBRIEZRIIENUNBITE UTHEY S
FRDOGDARINL , ZURKBEEZ LRI BI, COXIRT Lo EBRERHBE
AR SE9A2TEXA2LTAROLOE LT, ENEELINLBDET HC 2K -10-11
S LTERA .
HEBEICE L CRESOUEEZREL , F0BNREEONILEL>TEY. LHLE

This document is provided by JAXA.



1976 £12 H FHBPEES 1031

RO RSB BRI RO RBBRE B (T ARY bx —4) TR IhHME BT 5 £207
HOBELZHE SCEBHOHERSTVS (2,3) . ChiZHBARAKRE £V YORENA
H—ThHotlbilELLbDEHEEIN TS .

BICEREOBRAZIERN TA58IC, FIMRAOLRBREGZREZOLDICRDT 5D TR
, BHIEBEO—BL LTHELEATACENKETHS . THOLLBEALZOENDOS
ATARLONABRCH INBELD, BBENLOHALORLLRKICE, ADBKLFOE
FEE2HNT2EBBEBREZEUEBO—HELTEIZCENEET L. TOTLEREST
ORI BIHIBAIREL 135 THA D .

KOICDFAK —10—11 BEOER, KBED T LD ICHT: - THEE W IV oK
RN B, RRBERICERE 75 . TLHNER, KEAR, GABERICBER
HEAEBOBRICH I - TARBAERZV L S, $HAEBA b7, §8Y 2 v
MEMRB=FEL, RIBERFTTHS . CSEED, BB OO F4bF 0. T

oAl EBH LESS .
19764104 5 B A&

& E X &

(1] *O, AS, E# M —4Soyy b OsiE,FHF®RS, Vol 11, No. 1(B),
pp 179 ~ 206 (M50, 3)

(2] ®EO, ME, X K-10—11SBXE L 47 - 2 BEE FHEHE A2

(3] @6, #, L0 : ES8H@AHAB « v+ OIEAE IOV T, FHRRE, A2

(4] i, i, Hp K -10—11 SHEHEK[LS « /4, FHARSE, A2

(5] O, dX, ¥ Blloy v \VASBREEHBEBICOVT, TERSRSE, A2

(6] K-10—-1158RL &> ERFIES, AFEH SESF—2+4, SES —TN 75 — 061
(|@50,/9)

(7] EBR, K%, ®0O, b2, Mg, S :M—4S, CNI v IVic o0 T, FHEFHE,
vol 11, No. 1(B) pp207~251, (#50,/3)

(8] =®O, AW : XABIEAER o 7 » b OLBEE, BFBIEYS, FH M vsto=/s2
Wi 2%k, SANE 732 (FE48,/4)

(9] K-10-11RU &L H>EB, CNSJERLL 5 F — 288, SHET LR HE B &M s
BRESR T, N97—24 M —0351

This document is provided by JAXA.





