517 % 45 31 2% TR Vol. 17 No. 3
2026 4 6 H ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING Jun. 2026

XEHS:1674-8190(2026)03-122-11

HENIMEEZEEAVREE /M{ZIK%%AZJHJ
It AR R E R

SR AR L ERA KL, L, B
(rh E B FHLE IR FE I, S84 333001)

O LR R AL B DL SME T LT LR Y B S 5 R R T (R B/ LA 1 B g 2 )
il 249 H A R B . AN SCAR GE BT SR A IR B 5 AR N 3 U AT S R . B R T - 255k
T /5 CFD/CSD A Ik B T 54, %) L s B RORS i 5 2805, MW 3 T 3l — Al IR — 3¢ (ASE)
R 28000 5 1036 46 UE 5 TG < 3BT T Froude 5 Mach B0 R wh 58 T 350 e 3 0o A5 B %, A0 R 1 AR 456 Mk ) 4t 5
PEAEFR (HIL) 45 05 AR 0T 5 100 < A B 7 90 4IR 3 0 20 36 326 AR B0 A0, 8 000 80 % 28 A 7 AT 1 DA% SR A
e WEFEHR s PR FORAR i 5, 55 & e AR e M R B 1 (ROMD) 45 2 3 10 32 J080E i 5 AR RLERE o 2 e B
RS ke 2 R A SRR BT, A SR 1 e LA R AR R B S B S B I BOXE AL B G B TE TR S — Al IR —
3$‘V£~MM’U¥1‘E M 52 Rt 5 1 38 36 E B 23 B IR 0 3 A HOIE (Ch A Y 58 B 807 R B R B

KRR SLRNRIPERE R BT AL ; B3 /WU 5 3 A B s B AR 5 1 0 E 5 AR T

FESES: V275'.1; V211.52 XERFRIRAG: A

DOI: 10. 16615/j. enki. 1674-8190. 2026. 03. 13

Review of coupled rotor-fuselage dynamics design methodology for

coaxial rigid rotor helicopter
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Abstract: The coaxial rigid rotor configuration offers compact design, high hover efficiency, and high—speed poten-
tial, but its coupled rotor—fuselage dynamics remain a key bottleneck. This paper reviews progress and challenges
in three areas: theoretical modeling, experimental validation, and engineering application. For theoretical model-
ing, the applicable boundaries and accuracy—efficiency trade—offs of momentum/vortex methods versus CFD/CSD
coupling are reviewed, the aero—servo—elastic (ASE) effects at high speeds are clarified. For experimental valida-
tion, the conflict between Froude and Mach similarity that leads to a lack of high—speed aeroelastic data is ana-
lyzed, and non—contact measurements and hardware-in—the—loop (HIL ) simulation are introduced. For engineering
application, the heavy reliance of vibration reduction on empirical iteration is sort out, and digital twins for virtual
sensing are explored. The review shows that high—fidelity simulations remain too costly, calling for nonlinear re-
duced-order models (ROM) and multi-fidelity data fusion. The similitude conflict also hampers model validation.
A future shift from experience—driven iteration to high—confidence model-driven design is needed, with an integrat-
ed digital chain combining aero—servo—elastic modeling, hybrid (physical-virtual) validation, and analysis—driven
certification (CbA).
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