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Hybrid Simulation of Guided and Controlled Flight of Rocket

By Hajime KOSHIISHI, Masao NAKA, Hidehiko MORI,
Akira OlIsHI, Akio KANMURI and Kozo HONMA

For detailed real time simulations of guided and controlled flight of rockets, hybrid simula-
tions are desirable. In particular, real time simulations including hardware, --for example,
sensor or actuator-- are possible only by hybrid simulations.

Generally, large rockets are thoroughly controlled with respect to roll and yaw. Further-
more, it is generally said that the results of simplified simulation bounded in the pitch plane are
very similar to the results of complete simulation with six degrees of freedom.

To perform such real time simulation in the pitch plane, we designed and built a so-called
balanced-type hybrid simulator, which combined a large-scale analog computer and a large-scale
digital computer by an A-D, D-A linkage unit. At to software, we simplified the equation
of rocket dynamics by reducing it from the equation of six degrees of freedom to the pitch
plane equation, on the assumption that the rocket is well controlled in yaw, and Z axix of
rocket is always oriented toward the center of the Earth. This simplification is suitable for

hybrid simulation and assures a close approximation.

Besid this, we conneted the analog part

and digital part through not the attack angle as even, but rather the flight path angle.
Through the above-mentioned methods, the sampling frequency was diminished remarkably
and real time simulation with high accuracy was achieved.
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LT BB NBHREKLTL 3. ZORKIELE
HORMRIADLDOEETKL, vy OERGHHE
AOEELTDIOHEEHL THAMETHY, UT
&, THZBET A BHC VTGRS,
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ZEEhE b, KT, 25 BLUTT 0?2 PEHEE
BB LTI L REL L 5. T LT mldL
LT “BIEA BB HE T 2 BRO 5 iR
ELTEHITLES, bbb
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£ A4l FBHBIFRCET 2 Cr,Tx 320 Ty

HEBRIC LA X720
i - Z ¥Hhnmsh
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1: HEFEHFRTI 3. LidoT v F 7 us

SLERULBTHWAZ &,
2: BRBABHB[LLTREY S v (O AV3,

{83 6 SCOUT ROCKET ¥

SCOUT ROCKET n#t#EA6-1IZFRT. Zh
SoHE V- SCOUT ROCKET zf84 % T
t¥, SCOUT APPENDIX E 35} ¢ NASA TN-D

......... FELTH#HN T iZ2-TEE2EK
............ B L~ T E T 2K

1639, TN-D 1240 )X D & 572 HDTHh %,

# A6-1 SCOUT ROCKET 01 7Y »

FYiab—=Ygvfarzxsyr

FF—-5 (1) BAKRAEH

card No. altitufllt{am(ivH 1 ReP\‘rﬁrsse\:e,d S([):/rllgn \]’elocity

76 ~ 80/20 4243 65
39 0.0 0. 293685756 E +-01
40 10.0 0. 331608967E +01
41 20.0 0.336021505E +01
42 30.0 0.326426156E +01
43 40.0 0. 308499152E +01
44 50.0 0. 296428042E +01
45 60.0 0. 310429821 E 401
46 70.0 0.33422365E +01
47 80.0 0. 349993000 E +-01
48 90.0 0. 349993000 E +01
49 100.0 0. 345494748 E +01
50 110.0 0.330937347E +01

altitude GH 2 | Wind Velocity FWUHB

{km] [km/s]

60 0.0 0.938785879E —02
61 10. 759 0.550165101 E —01
62 15. 240 0. 230429261 E —01
63 15.240 0. 230429261 E —01
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tlme[ S(]ErT 1 Pll?tlg}ll{é&ite gg(;%‘r/as?l time GT 2 [s] Vane a[)k g?io\f Ei)}(O 1
102 0 0 389 0.0 0. 580598310 E +03
103 3 —0.173293705E —01 388 10.0 0.546343010E +03
104 10 —0. 635823314 E —02 389 20.0 0. 495250359 E 403
105 30 —0.311192141E —02 390 30.0 0.512087710E +03
106 80. 838 —0.130725134E —02 391 35.0 0. 529505659 E +03
107 105. 838 —0.138928180E —02 392 37.0 0. 460995058 E +03
108 148.838 —0.138928180E —02 393 40.0 0. 239206504 E +03
109 163.838 —0.174532889E —01 394 4.2 0.
mach GM 1 |  Center of Pressure s —
123 0.0 0. 173609342 E — 01 time GT 3 [s] Va[?fg/aljleg% Vari]
124 1.0 0.183083560E —01 431 0.0 0. 253139644 E +04
125 2.0 0. 150266696 E —01 432 10.0 0. 238204405 E +04
126 3.0 0.133350262 E —01 433 20.0 0.215928116 E +04
128 4.0 0.127000250 E —01 434 30.0 0. 223269166 E +04
435 35.0 0. 230863355 E +04
mach GM 2 | Cng FCMQ 1 [1/Rad] 436 37.0 0. 200992877 E +04
167 0.0 —0.6182E +03 437 40.0 0.104293533E +04
168 0.87 —0.7180E +03 438 4.2 0.
169 1.0 —0.7090E +03
170 1.63 —0.4000E +03 time GT 4 [s] V&[lieg/ol)zafig/zz'I \E\EE]D 1
171 2.0 —0.3090E +73 475 0.0 0. 265866828 E 404
172 3.0 —7.2180E 403 476 10.0 0. 250117532 E +04
173 5.0 —0.1820E +03 477 20.0 0. 226675511 E +04
— o s Drog Gool FCXO 1 478 30.0 0. 234498181 E +04
479 35.0 0. 242294862 E -+ 04
189 0.00 0. 364678899 E +00 480 37.0 0.211030171 E +-04
190 0.50 0. 385321101 E 400 481 40.0 0.109439415E +04
191 0.87 0. 458715596 E +00 482 44.2 0.
192 1.09 0.688073394E 400 time GT 5 [s] | Thrust FTHR [kg]
193 2.00 0. 479357798 E +00
194 4.00 0. 323394495 E 400 695 0.0 0. 439984657 E 405
696 9.8 0. 439984657 E 405
mach GM 4 Lift ﬁ‘;‘;{f ed*;CZA i 697 15.8 0. 467200203 E +05
698 22.0 0. 471736127E +05
233 0.0 0. 830788976 E +01 699 35.0 0.521631295E +05
234 1.0 0.117456372E +02 700 37.0 0.453592430E +05
235 2.0 0. 699008655 E +01 701 41.4 0. 907184860 E +05
236 3.0 0. 469825490 E +01 702 44,2 0
mach GM 5 | 1P ® Loy FCZDLT tme GT 6 [s) | Masy FHAST
213 0.0 0 739 0.0 0.167447122E 107
214 0 08 0. 464095910 E 400 740 4.2 0.791999631 E +06
345 1.0 0309397274 E +00 time GT 7 [s] ol e
346 2.0 0. 198243438 E +00 783 0.0 0.137566671 E —01
347 3.0 0.143239479E +00 784 40.0 0. 104775206 E —01
348 4.0 0.108862004E +-00 785 62.8 0. 104775206 E —01
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time GT 8 [s] Ir{ligfi rrI:ISY,'] 1 reference area S=0.810117751E—06 .  [km?]
reference length D=0.150288647E —02 [km]
22; 43:3 g' ;2(2;8222‘1)35 igﬁ Rocket o full length 7=0. 217576828 E —01 [km]
) control arm length [.=0. 216738627E —01 [km]
#~ ¥ No. r O M o F X
4 HIRDFE RO +0. 6378388 E +04
” r AEEE OMEGAO +0.72923E —04
5 i b0 2 E S mEE GO +0. 980665 E —02
” HEC BT 2AR[EKE RHOO +0.1392E +12
6 KAEBEEHRO XK AC 40.13961E 400
7 oy P OEEE (1 BA) D1 +0. 150238647 E —02
” " EEEHE (1 BB) S1 +0. 810117751 E —06
21 AL A (AX) PSIHDGO +0.9E 402
22 33 LONDGO +0.0E +00
1 rn g LATDGO +0.0E +00
28 Ty bto-A7-sf (1 BE) ACT1 +0. 216738627 E —01
11 AD1lch z4¥r—-r7527% SFAD1 +0.1E—-01 (40.1E—-00)
’” AD2ch " n AD2 +0.5E 400
12 DA1lch 17" n DA1 +0.5E 400
’” DA 2ch ” n DA2 +0.1E 403 (+0.1402)
13 DA 3ch 1" n DA3 +0.5E +04 (+0.5E+03)
1 DA 4ch ” n DAA4 +0.5E—-01
14 DA 5ch /" n DAS +0.2E —01
’” DA 6¢ch 1" n DAG6
15 DA 7ch " n DA7 +0.1E—-01
1" DA 8ch 1" n DAS +0.5E—10
16 DA9ch 1 v DA9 +0.5E —-01
" DA 10ch " #» DA10
17 DA 1l1lch 7 n DA1l
” DA 12ch 7 n DAI12 +0.1E+03 (+0.1E +02)
18 DA 13ch 7" n DA13 +0.2E-01
’" DA 14eh ’" n DAl4 +0.2E-01
19 DA 15¢h " n DA15 +0.1E 403

1)

2)

B () Ap7rravfizy—-v>2 1/10 oBEDF7— %

g £ X K

Harris, R.J.; Trajectory Simulation Applicable
to Stability and Control Studies of Large
Multi-Engine Vehicles. NASA TN-D 1838
Mayhue, R.J.; NASA SCOUT ST-1 Flight-
Test Results and Analyses, Launch Opera-
tion, and Test Vehide Description. NASA

TN-D 1240

3) Woodling, C.H., Elliott, J.R. and Stull, P.J.;
Orbital Error Analysis of the SCOUT Re-
search Vehicle. NASA TN-D 1639

4) SCOUT Manual, Appendix E. NASA

5) The SCOUT, Astronautics Division, LTV
Aerospace Corporation.
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