BT 12 LI/ N AN T Vol. 57 No. 12
2025412 ] JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Dec. 2025

ISR BHLERAS IE [ 5 T 2 ) SR A R A

¥ F REA S R AER' X EM KRR’
(1. W Ef S Z SR WIREsh ARSI, 1 BRI 412002
2 WM ARG SR & EE AL E ( LIFSSERE) , L 200240)

W OE: OIS AT ER LD A MESRE FERTHR T FRERRRMAEES, X RE - E RS
BRIl EENET I FESE T L RABTEER AN TEASE W RAEERL L TH LG Yn, ¥4, B
SOLID186 5L fk % o A 72 %6 4 & # 4k COMBI214 3 J0 4 B4k &, MATRIX27 3 0 R AR &4 /4 /75 /4 % % 4R 5 o0 &
RE,ZEHMPCERBREZIANRETHHERS ELTERED N FHE, LA FET L SLER L ONETIIRT G,
KR TR A AR AR R AR S R BUR AR TR F R R T B R A DR RO T B AR 2 e R
IETHAWHIE, R, oM TEREIEBENETFRAGALARLTHEINLNP N, 2REXN . b LoEERTR
EVHEFHRES A RENESSHEARELETA AR AIARST, B Lo REd Far i ES Y
BN, AT WS HRA,FEEY NS T HES MG R, AP D EAREBERATRNEH AT AL
BR2~3MiE R KB A A/ ACEFELNE, BRI ME K5 FE B E MR LR X,
FEE: M R AL Bk O B AR I R4 AT

hE 43S v231.96,THI13.1 XHRFRERD . A XEHS: 0367 —6234(2025)12 -0219 - 10

Modeling and characteristics of aero-engine rotor with bolted-rabbet joints
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Abstract; To address the challenge of characterizing the dynamic properties of bolted-rabbet joint structures in
aero-engine rotors under high rotational speeds and multi-load excitation, a rotor dynamic modeling method
considering multiple bolted-rabbet joints is established, and the influence of joint interfaces on the rotor’ s natural
characteristics, critical speeds, and unbalance response is systematically revealed in this study. Firstly, SOLID186
solid elements are employed to model the disks and shafts, COMBI214 elements to simulate the bearings, and
MATRIX27 elements to characterize the multi-dimensional stiffness ( tensile, lateral, bending, and torsional ) of
the joint interfaces. By combining the MPC ( multi-point constraint) contact algorithm to achieve degree-of-freedom
coupling with the bolted-rabbet assembly surfaces, a high-precision dynamic model is established for aero-engine
rotors with bolted-rabbet joints. Secondly, a rotor test rig with multiple bolted-rabbet joints is constructed.
Ultrasonic preload testing, modal testing, and excitation experiments are conducted to acquire bolt preloads,
natural characteristics under different boundaries, and vibration responses under constant-frequency and sweep-
frequency excitation, thus verifying the model’ s correctness. Finally, the influence of holted-rabbet joints on the
rotor system’ s critical speeds and unbalance response is analyzed. The results show that: the bolted-rabbet joint
interfaces significantly affect the rotor’ s free modes, and ignoring interface stiffness results in the overestimation of
natural frequencies; under bearing support, the joint interfaces have minimal impact on translational and pitching
modes but a pronounced influence on bending modes, and notably alter the critical speeds associated with bending
modes; in the unbalance response, the amplitude of bending modes increases significantly due to interface stiffness
loss, and discontinuities in lateral and rotational displacements emerge in the speed interval between the 2nd and
3rd critical speeds. This study provides theoretical support for the design optimization of joint structures in aero-
engine rotors.
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Fig. 1 3D structure and dynamic model of rotor with bolted-rabbet joints
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Fig.2 Schematic diagram of stiffness matrix assembly for rotor
system with bolted-rabbet joints
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Fig.3  Characterization of joint stiffness for bolted-rabbet interface
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Fig.4 Bolt preload and free modal test of rotor with bolted-rabbet joints
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Tab.1 Bolt preload and equivalent stiffness of each bolted-rabbet joint interface of rotor
e W T 1/ Rl EE/ 1o W/ R EE/ il
kN (N-m™") (N-m™") ((N-m™") rad™") ((Nem™") rad™")
=] 23.21 2.972 6 x10" 4.233 8 x10° 7.902 5 x 107 2.6192x10°
k2 16.84 9.601 8 x10° 3.112 3 x10° 7.924 5 x 107 1.244 3 x10®
1EA3 13.21 1.666 9 x10'° 1.073 2 x10" 9.825 0 x107 9.995 3 x107
1M 4 20.65 4.250 8 x10" 5.6322x10° 8.372 1 x107 2.734 8 x10°
1EH'S 12.12 5.177 1 x10° 1.273 9 x 10" 3.923 1 x10’ 2.093 6 x107
F2 Bl MEERETFARESEEMEI
Tab.2 Comparison of free modal natural frequencies of rotor with bolted-rabbet joints
(11278 5245/ He % [ ST NI B/ Hae WE1/% AN i ST W) BE / He W2 2/%
B (f0) 438.29 457.82 4.46 491.78 12.20
H2 0 (f,,) — 457.82( 555 1 BMREAIER) — 491.78 —
B3B(fs) 635.41 650. 85 2.43 663. 19 4.37
B4 B (fq) 779.26 763.23 -2.06 802.49 2.98
5B (f,s) — 763.23 (545 4 MIEASIESS) — 802.49 —
B 6 B (f6) 739.96 767.41 3.71 812.21 9.76
BT (fr) 887.20 920.55 3.76 947.05 6.75
558 B (fg) — 920.55( 555 7 A IESS) — 947.05 —
B9 (f0) 1038.24 1 046.45 0.79 1 086. 67 4.66
%10 B (fo10) — 1 046.45( 5% 9 IS IER) — 1 086. 67 —
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Fig.5 Free modal shapes of rotor with bolted-rabbet joints
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Fig.6  Excitation test of rotor with bolted-rabbet joints
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Fig. 7 Displacement-load curves of rotor with bolted-rabbet

joints under different constant-frequency excitations
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Fig.8 Three-dimensional waterfall diagram of rotor with bolted-
rabbet joints under sweep-frequency excitation
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Tab.3 Comparison of natural frequencies of rotor with bolted-rabbet joints under bearing support

(51278 S8/ He % JE A NI EE/He RE /% AN Fm W/ Ha R 2/%
B (f) 96. 00 89.08 -7.21 90. 01 -6.24
B2B () — 89.08 — 90.01 —
3 (fs) 158.50 146.22 -7.75 146.79 -7.39
EAN(fu) — 146.22 — 146.79 —
B5 B (fs) 341.50 326.87 -4.28 345.41 1.14
56 B (f6) 476.00 461.10 -2.21 489.72 3.86
BT (fr) — 461.10 — 489.72 —
K8 B (fs) 675.00 671.09 -0.58 695. 88 3.09
B9 B (f0) — 671.09 — 695.88 —
5510 B (foi0) — 838.03 — 870. 80 —
B (fy) — 838.03 — 870. 80 —
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Fig.9 Modal shapes of rotor with bolted-rabbet joints under bearing support
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Tab.4  Comparison of critical speeds of connected rotor under different bolted-rabbet states

I % 8/ (r-min =) 4/ %
IR 1F PR S
1By %2 b %53 b 15 552 B %53
N 5410 9711 39 679
HEIkm 1 5 402 9 705 39 278 0.15 0.06 1.01
F Ik 2 5 395 9 699 38 956 0.28 0.12 1.82
Fjgikn 3 5 400 9 708 39 439 0.18 0.03 0.60
ik 4 5 405 9 700 39 541 0.09 0.11 0.35
x5 5393 9 694 39 182 0.31 0.18 1.25
ZRLH I 5356 9 662 37 518 1.00 0.50 5.45
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