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Development and Flight Result of Inertial Navigation System
for KSR-III Rocket
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(Woong-Rae Roh, Hyun-Chul Cho, Jae-Myung Ahn, Jeong-Joo Park, and Hyung-Don Choi)

Abstract : The Korean space program was marked by the successful launching of a KSR-III liquid propelled sounding rocket.
The Inertial Navigation System (INS) which carries out critical mission functions of navigation, guidance and control was
domestically developed and perfectly certified through the flight test. The system consists of a strapdown inertial measurement,
an onboard computer and flight software. This paper will describes the development works of the inertial navigation system,
including top level system design, hardware and software. And it summarizes flight results.
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Table 1. Characterstic of KSR-1II INS.
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i3 2. KSR-11l INS t©]x]&l PCM X7,
Table 2. Digital PCM format for KSR-III INS.
2 A ol o|g 2 =l s
1,2 Frame Sync(7E81)
34 INS Staus
56,7 t_time 0~16777 sec 1 msec
89,10 gc_time 0~16777 sec 1 msec
11,12,13 nav_time 0~ 16777 sec 1 msec
14,15,16 seq_time 0~16777 sec 1 msec
17,18 c_rl (rate_y) +200 deg/sec | 0.0061 deg/sec
19,20 c_r2 (rate_z) | +200 deg/sec|0.0061 deg/sec
21,22 c_r3 (rate x} | +200 deg/sec | 0.0061 deg/sec
23,24 c_al (accy) |*+200 m/sec2|0.0061 m/sec?
25,26 c_a2 (acc_z) |+200 m/sec™2|0.0061 m/sec™2
27,28 c.ad (acc x)  [+200 m/sec™2|0.0061 m/sec2
29,30 temp_gf1 150 C 0.0046 C
31,32 temp_g2 150 C 0.0046 C
33,34 temp_afl +150 C 0.0046 T
35,36 temp_a2 +150 C 0.0046 T
37,38 temp_a3 +150 T 0.0046 C
39,40 temp_af +150 C 0.0046 C
4142 a0 +1 305x10°
4344 at +1 305%10°
4546 Q.2 +1 305%10°
4748 ,3 +1 3.05x10°7
49,50 tht! {att_y) +180 deg 0.0055 deg
51,52 tht2. (att_p) +180 deg 0.0055 deg
53,54 tht3 (att_r) +180 deg 0.0055 deg
55,56 vel_e +3500 m/sec | 0.10 m/sec
57,58 vel_n +3500 m/sec | 0.10 m/sec
59,60 vel_u +3500 m/sec | 0.10 m/sec
61,62,63 lon +180 deg | 2.1x10” deg
64,65,66 lat +180 deg | 2.1x10° deg
67,68,69 alt +500 km 0.0596 m
70,7172 DOS1~20
7374 qe 0 +1 305x107
75,76 ge_1 +1 305x10°
71,78 Qe 2 +1 305x10°
79,80 qe. 3 1 305x10°
8182 grot_a +180 deg 0.0055 deg
83,84 in +200 deg/sec | 0.0061 deg/sec
85,86 i_re +200 deg/sec | 0.0061 deg/sec
87,88 the_e +180 deg 0.0055 deg
89,90 psi_e +180 deg 0.0055 deg
91,92 pie_e +180 deg 0.0055 deg
93,94 delp +10 deg 0.0003 deg
95,96 dely +10 deg 0.0003 deg
97 DOT1~2
98 DOT3~4
99 DOT5~6
100 DOT7~8
101 DOT9~10
102,103,104 time_iip 0~16777 sec 1 msec
105,106,107 lon_iip +180 deg 2.1x10° deg
108,109,110 lat_iip +180 deg 2.1x10° deg
111,112 pit_cmd +20 deg/sec | 0.0006 deg/sec
113,114 yaw_cmd +20 deg/sec | 0.0006 deg/sec
115,116 c_r1_old +200 deg/sec | 0.0061 deg/sec
117,118 c r2 old +200 deg/sec | 0.0061 deg/sec
119,120 c_r3_old +200 deg/sec | 0.0061 deg/sec
121,122 ¢ al_old =200 m/sec’2|0.0061 m/sec?
123,124 c_a2_old +200 m/sec2|0.0061 m/sec2
125,126 ¢_a3 old +200 m/sec2{0.0061 m/sec™?2
127,128 CRC
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Table 3. Environmental specifications.

HER 20 g, 3% (3% )
. 200 deg/sec, 3% ( HA B 9.5 )
o 720 deg/sec, 3% ( £% )
A5 AY | 141 grms, 20~2000 Hz, 58 ( 3= )
¥ v 5 g, 22~2000 Hz ( 3% )
s |AFH| 50 g, Half Sine, 11 msec ( 3% )
© 7 [gol2 | SRS #th 1000 g, 1000~10000 Hz
mES 34 ~ +71 °C
] 40 ~ +90 °C
L 0.0001 torr
&5 100%, No condensation
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Table 4. Comparison of launcher setting angle and INS ali-
gnment result.

INS #7]
bl 2 o3}
1 ZHdeg) 220.52 220.772 +0.252
317} deg) 82.60 82.510 -0.090
E7H(deg) 0.00 0.247 +0.247
1 1, i
x h
05} o.s;L {
S O‘r =3 0\:, U
i w‘ Vo {
05 - - - - 05/ -
; |
o ﬁoo_' 200 300 '1(‘)”7 100 266 300
1 — 1 - ———
0.5~ 05| o x
‘ Y
§ o % o g (J W
0.5+ 05
'%”“’Too* a0 300 _18\,,7) 00 200 300
Time (sec) Time (sec)

a9 10 MEE A4 AL sk
Fig. 10. Attitude quaternion history.

3% 82 INS Wojo zt $ixjof wE 2=WstE Yet
W), ARG 18~21 degCE FAIS 7L Hojazel
HE 28~30 degC 2 Aedtgon, oF 2=7F 4
etk ARGl oA stk (29 e A
oz g 7}&mA, AFe B S8l ZAE el 2
% glolgoltt. HlgA ¢ 1Azte] Fu0ES ARG
o] aFe Lx A} o)FoiR o, WAT T
7tdo) WiRol exdsle] A AL FA FL AL
2 vehdoh
2, g AL

KSRl 241 #2438 M 2HHaL, LAkl 22
AT ok 8) deg] 1AL zhe AEIZ 712 EARSHA
Atk weld INSE 3 Aeie BAL B gElelM 25
$-80) PV5elwR TEiHojor Atk AnrHe R g A
s w9, 3, 2749 o9y ANALe FAAEHAME
uholzty) Bzto] FRo| X W Soly At Ak o
2} KSRIIE= 271)9] e g zhe AMgshad, 27 48
dME 47 27}, 92 gEZ, 2 YEZY Uy AAZ
o AgEth o] AMde FARHCNNE HolHs 2
a3, 53 2277 E9Ed B 2749 2EZRCE BF
HE Aol uk 2t o] Uy AL AA wHEF
o) Ego) Yehd, ede) AAZY AZol A A4
7 AA BUE">o] ojge A7 Aol 7] AEol &8
5wz, w7l 27be] ede A ReE WAt

RO - S8t - AIAESS =2X K 10 2 Xl 6 = 2004. 6

Attitude History
_ 240 Flight(NS)
§’ Postflight
£ 220~ B A
E |
N
< 200‘ : -
0 50 100 150 200 250
_ 100, [
=) !
@ i .
3 i L
£ o
3
s
2
% 100- -
0 50 100 150 200 250
200- - -
S b §
g o N
3 . :
& N
Q0L e e S R
0 50 100 150 200 250
Flight Time (sec)

o 11 ¥EE A7 Hsk
Fig. 11. Attitude angle history.

n Y A vk Byl s AgE LAz INS
o) 27148 F AL (X 49 2ok L4 25 L
Ay zhe] £AMel) o3 Qe P, 2 9E Ee= 7
o] g Aol $3 Fzte W4 FYsh L
w24 2 BEZL 7R AR dE, Ea
2 37} Aglel] ol QA 0.03~0.06 degol M WSHR
o} i) g e SR FAgECA 8 BE A2
0.047 deg, A} AFEROlA] B2FS 0247 deg E VEFEEOH,
27199)Zbo] $4 BZhHT 0247 deg WF & G2 <
HHA

INS®] Ee Aol 2 FiEwe] Pdmd) o 2
Aen], Fed Ad, S5, 5l o ddd £ 9ok
[23 101& Blsi% INSAlA Aake 279 AAE VR
= gEyeoln, (27 1] FAEYS WA, 124, &
zto] oA zto 7 @ AHzte R NAF AlEH o)
ZAxje} wlmate] Uehlck ApAe) 79 INSel ejajxzt
zH5o] AReE BT 5 AT Aol FUET) oF
0.5~1.0 deghro]X =, B13PAZF 250 secERY 0.03~0.07 deg
o AUEg 7hach ~

ug Aol 279 UXE @AY INSet tEe] A
#o|CI(RIR; Range Instrumentation Radanojr% Z7d¥th
Azdoltle] A% X AUEE FH m 39 Hee
A, &5 dolod o Ay FHHA A A b
oHE 25R% F nEFgozM FAHNE F A7 WE
o) INS8} %S HrkskeEd AR 4 Tk

(28 12, 1312 ulsiAjgolq INS 2 RIR #ojelolA =
Ay A dolele] vlmE ek XYZ FHiEAE TA
A ATAZA BAGA 221 deg W] XF, 1= B
o] 72, YE& $5AEAVF HEE A" Aol
RIRS) @37} vj¢ Avia 7pge w), Ad =9 25 o
120 m o] A} WA e, datyel mAWE Azl=
50 m, FEF AE 900 me) AL EABH W
ADLA7 v He AL Aoz A FiEwmAlel o3t &
T A7t A9 wAeA eikeS veri, YT A
Al ZA vehd A dEE 27] Wizl A %

N

Bu

N
-

1

F

O;

do W



Journal of Control, Automation and Systems Engineering, Vol. 10, No. 6, June, 2004 563

Downrange vs Altitude

. . NS
401 L N i RIR

position Z (km}

[ 10 20 30 40 50 60 70 80
Position X (km)

a8 12, ARAAY vs. IR
Fig. 12. Downrange vs. altitude.
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Velocity Azimuth History
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