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Abstract

Addressing the issues of traditional rotor dynamic balancing methods, which rely on trial weight
experiments, require frequent start-ups and shutdowns, and have low efficiency, a no-trial-weight
dynamic balancing method based on the combination of simulation influence coefficients and
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Levenberg-Marquardt optimization algorithm is proposed. Firstly, taking the grinder rotor as the
research object, a finite element model of a dual-disc, dual-support rotor is established, and the in-
fluence coefficient matrix is obtained by applying a unit unbalance, achieving simulation as a sub-
stitute for trial weight experiments. Secondly, based on the least squares influence coefficient
method, the LM algorithm is introduced, and a constrained optimization model is constructed in
combination with a penalty function to improve the stability of the solution and meet vibration limit
requirements. Finally, the effectiveness of the method is verified through simulations and experi-
ments under different unbalanced mass conditions. The results show that this method can signifi-
cantly reduce the rotor vibration response, achieving a balancing efficiency of over 87% under a 3
g unbalanced condition, verifying its good stability and effectiveness.
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Figure 1. Flowchart of dynamic balance for LM
optimization algorithm
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Figure 2. Locations of two measuring points and the balance plane in the
finite element model of the rotor system
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Table 1. Material properties of the disc and shaft
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Figure 3. Unbalanced vibration response and its first-order frequency of 1 g unbalanced mass
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Figure 4. Unbalanced vibration response and its first-order frequency of 2 g unbalanced mass
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Figure 5. Unbalanced vibration response and its first-order frequency of 3 g unbalanced mass
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Table 2. Magnitude and phase of correction quantities for the two balanced planes
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3g 0.361 207.4 2.742 184.1

DOI: 10.12677/m0s.2026.155073 87 e RSE TR


https://doi.org/10.12677/mos.2026.155073

Mz %

HR AR AN PP T R T 45 SR T DAAS 2, AE =R 00 A R A P b B W R oK T e A,
ARG EEAFERIE T A MRS E, AR EERCFEM, AR R B E IEE .
S S DR s 7| [ Vol VA= A= W I S L = L 0 A i 2 VLV
ORI AT I R RTINS BER S8 S AE VA SR bR, X i I s T TS IR B S AT X B, A AN
FrERCFRCRME 6. B 7. & 8 PR,
WJ5$®wFM$ﬁﬁﬁmiéﬁ%(mT¥&ri)

15 | RFA8
— }J_(II\[J SR e
— AT
1 — il
__ 05
% A
£ ) AAS
=3
05 1
1t 4
15 * :
0 0.05 0.1 0.15 0.2

fiffel /s
Figure 6. Effect of balancing with 1 g unbalanced mass
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Figure 8. Effect of balancing with 3 g unbalanced mass
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Figure 9. Test points and equilibrium plane positions on the experimental platform
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Figure 10. Dynamic balance data acquisition system
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Table 3. Size and phase of balancing quantities on each balance surface after vector synthesis equivalence

F 3. REANFHEHN R TEEE FENKNSHEA
AP AT 1 RCT B (g) P ETTE 1 ECT R AL(RE) CPATI 2 KO B E(g) AT 2 BCT AR L)

lg 0.886 180 0.132 210
2g 1.764 180 0.268 210
3g 2.648 180 0.401 210

HAATE, & LM IS 2 M- T R By BH0E AR &, B RENM RS S RINTE, K%

DOI: 10.12677/m0s.2026.155073 90 e RSE TR


https://doi.org/10.12677/mos.2026.155073

Mz %

o B AR A B M RFLALE . ARGE S IRFLA LB AL B, R HARES TR & o T By
i B>, JREE RS LA R E R, (A OO R AT AR I B e UG R B, AT SEELAC
SELE BT ] P AR RIS . B AP E T, R E G AR RUE S B E RN S A I 3
I

QAN B P47 i JE AR B RERS b G 1) AgASA i 5 B - JE R B R . Gl 2)
T T T T T T T T T T T T

0.5 T T - 06 T -
— AT — Tl
— )G FiifE
[ W |
\ 04 |
I U |
0.2
% &
= €
g <,
el !
= - =
= R

-0.2

-0.4

05 L L L L L L L L L .06 L L L L L 1 L L L
0 1 2 3 4 ’

5
N[ /s 1] /s

Figure 11. Comparison of vibration response before and after dynamic balancing of 1 g unbalanced mass
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Figure 12. Comparison of vibration response before and after dynamic balancing of 2 g unbalanced mass
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Figure 13. Comparison of vibration response before and after dynamic balancing of 3g unbalanced mass
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