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Table 2 Parameters of the actuator submodels
fEghas 7R fdieE O BALE BHLTh me g
| 5 BE/ () #/kg  FE/kW B /ms

1 0.05 35 1.5 8
RN 2 0.08 30 1.2 5

3 0.06 32 1.35 6.5

4 0.10 25 0.8 12
=S 5 0.12 20 0.7 15

6 0.11 22 0.75 13.5
RCS % 7 0.02 40 2.0 4
U 8 0.03 45 2.5 3
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Table 3 Decision matrix for the candidate schemes

x5 TENEEKE
Table 5 Variable weight matrix

XoF O 30T B e v R O Ry B LSRR . R T e N S
IREAR B 5 %8 P8, P7 AR+ kG BEAH S A AT 42 F , &
IR 50 AT RERRAR 11,190, Mi R ZE 3R A3
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P9, P7 H RN 5. 6 %6, {H M hi FE 3R FEAIG 12. 5% .
SIFEAIE N 2. 6 06, B ORS BE AR, S R B T

e CEREORE BRI A HE pEREE OBEE O SIE WRER
B/ B/kg  #E/KW  B/ms Pl 0.3479  0.0881  0.2341  0.3299
T P 0.10 100 4.3 24 P2 0.3345  0.0943  0.2540  0.317 2
148 bz 0.10 109 4.8 23 P3  0.3329  0.0843  0.2268  0.3560
157 P3 0. 12 95 4.2 27 P4 0.334 9 0.084 7 0.242 6 0.337 8
1758 P 0. 12 100 &7 26 P5 0.316 4 0.089 3 0.2417 0.352 6
1767 P 0. 11 7 425 255 P6 0.311 2 0.091 9 0.260 6 0.336 3
1768 P60l 10z 4725 P7  0.3349  0.0847  0.2426  0.3378
zat 7 0. 10 95 4 21 P8 0.3329 0.084 3 0.226 8 0.356 0
28 P8 0. 10 100 40 20 P9 0.334 5 0.094 3 0.254 0 0.317 2
a P9 0.12 o0 3.9 24 P10 0.347 9 0.088 1 0.234 1 0.329 9
258 P10 0.12 95 44 23 P11 0.310 6 0.093 7 0.260 1 0.335 6
2677 P11 0. 11 2 3.9 22.9 P12 0.316 4 0.089 3 0.241 7 0.352 6
268 piz 0. 11 97 445 215 P13 0.3455 0.086 2 0.2380 0.330 2
ST P13 0.10 7 415 22.5 P14  0.3381 0.088 3 0.240 2 0.333 4
S48 Pl 0.10 1z 465 215 P15  0.3374  0.0901  0.2398  0.3327
37 PI5 0.1z 2 £05 250 P16 0.3455  0.0862  0.2380  0.330 2
358 P16 0. 12 7 499 245 P17  0.317 3 0.092 0 0.250 6 0.340 1
567 P17 0.1 9 41 24 P18  0.317 9 0.090 1 0.2511 0.340 8
3-6-8 P18 0.11 99 4.6 23
%4 HEERE 43 BRSO
Table 4 Indicator weight MR TSR 43 A7 2k A v (%) 1F R AR A L 2 T A
3:541:/]} ?Eﬁi‘ﬂ?{‘%f{“ E‘E\%E E\Ijj*% u[’,ﬂmﬁg ﬂi%ﬁr}% !:J‘IEIE,._,\% E/J *H X—J-mllj r&’ﬁﬂ jj‘?ﬁli
WAREE 0.3215 0.090 7 0.244 1 0.343 7 J¥ . ik 6 Bios .
6 FHRMBEXMWHE
Table 6 Relative closeness of each candidate scheme
S P1 P2 P3 P4 P5 P6 P7 P8 P9
Wk 3 g 0.608 7 0.541 1 0.240 4 0.106 4 0.3955 0.334 0 0.851 4 0.721 3 0.424 1
VES P10 P11 P12 P13 P14 P15 P16 P17 P18
Wk 3 0.349 3 0.608 4 0.559 5 0.719 8 0.6359 0.332 8 0.235 3 0.506 8 0.446 0
BT TOPSIS Bk M4 R WoR, 7% P7T W AH Z IR A AL TR (E
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Table 7 Relative closeness of Scheme P7

with various threshold values

KK BfE p RS 0 30 8
0.3 0.808 8
0.4 0.829 7
0.5 0.851 4
0.6 0.873 1
0.7 0.892 7
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MBSE Modeling and Architecture Trade-Off
Analysis for Rocket Flight Control System

ZHOU Wei' ,ZHOU Jing' . WANG Kai',ZHAO Guohong”

(1. Rocket Force University of Engineering,Xi’an 710025 ,China;
2. China Ordnance Test and Research Institute,Xi’an 710038,China)

ABSTRACT: To address issues such as semantic inconsistency and low iteration efficiency associated with tradition-
al documentation methods, a multi-layered, progressive architecture design method based on model-based systems
engineering (MBSE) was proposed for developing an architectural model of the rocket flight control system. First,
with system-level stakeholder requirements serving as the input, structured requirements capture and decomposi-
tion were performed to define the system context and identify top-level use cases, thereby completing the system
requirements modeling process. Second, scenario analyses were conducted based on the top-level use cases, and ac-
tivity diagram models were developed. The mapping among functions, behaviors, and structures was subsequently
established, and a logical architecture model was constructed. Based on this logical architecture, physical architec-
ture modeling was performed sequentially across hierarchical levels, from subsystems to individual components, re-
sulting in the development of an integrated digital model system. Finally, to address the selection of alternative
physical architecture schemes, an architecture scheme trade-off algorithm combining information-entropy-based

change weighting with the technique for order preference by similarity to ideal solution ranking method was pro-
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posed to integrate subjective and objective weights and enable the quantitative evaluation of alternative schemes.
The results show that the MBSE-based architecture modeling method establishes traceability among system re-
quirements, logic architecture, and physical architecture. The proposed trade-off algorithm identifies the optimal
architecture scheme: compared with the delay-optimized design, the selected scheme reduces total mass and power
consumption by 5% and 11. 1%, respectively, while increasing response delay by only 5% and improving the over-
all closeness measure. Compared with the lightest design, the selected scheme reduces response delay by 12. 5%,
incurs a power consumption rise of only 2. 6%, and achieves improved control accuracy. This study provides a re-
usable methodological framework for digital design and architecture trade-off analysis in complex aerospace sys-
tems.

KEYWORDS: model-based systems engineering; flight control system; architecture trade-off; multi-layer progres-

sive
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