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Abstract

The vibration frequency method ranks among the most optimal non-destructive testing techniques
CHERERE

XESIH: EE, KON, BZR, BORME BN, Y. IRSRETE X AL R 1 R I (AT
FBERE]. AT, 2026, 15(9): 77-89. DOI: 10.12677/hjce.2026.159225


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.159225
https://doi.org/10.12677/hjce.2026.159225
https://www.hanspub.org/

with comprehensive performance for external cable force measurement of hybrid wind turbine
towers at present. Nevertheless, several critical technical bottlenecks remain during the method’s
migration from stay cables of bridge structures to external tendons of hybrid wind towers. Charac-
terized by unconstrained protective casings, discrete single-strand tensioning and steering fittings,
external tendons for hybrid wind towers bring multiple obstacles to the classical frequency- cable
force correlation formula, including insufficient discrete coupling effect, indeterminate effective
tendon length, complicated boundary constraints and difficulty in quantifying flexural rigidity. This
paper systematically reviews the theoretical fundamentals of the vibration frequency method as
well as its adaptive modification strategies for hybrid wind tower applications. Combined with prac-
tical engineering cases, state-of-the-art research concerning dominant influential factors is elabo-
rated, covering the coupling mechanism of discrete steel strands, equivalent boundary simplifica-
tion for steering devices, identification of effective tendon length and flexural rigidity correction.
Novel intelligent cable force monitoring approaches based on deep learning and physics-informed
neural networks (PINNs) are summarized, and prospective research trends are outlined for future
investigations.
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A RIS R IR 715[6]. SR, UIRBNANZR MM R R B K IR IS AR Ab R I, T
— RYIFFE APk . KR TRIE RS 208 5 A BC E = % S 5 24 (High-Density Polyethylene, HDPE) %) 5
BE, SWRLETRHMLAN, 2EHECIRE: FRNSINRLZ IIABI: a3 E U R 1A JdR
HKFE[7]. XERIE S T2 2R EREMME - RIJCRE LR IE MR ERIC, wFHF g
1E. AR, SR BUNS RGN i e B a0l FAC . TR 1% 15 R B (LR AR 2
RPN RS RI B IES S, RN TR T KEWTR, WS T — R ETHE.

A FR G ERAIR B A AE R TR IS 2R ) W A B B R IOIR e ) IR R B 5 & BB IR

DOI: 10.12677/hjce.2026.159225 78 +ARTHRE


https://doi.org/10.12677/hjce.2026.159225
http://creativecommons.org/licenses/by/4.0/

JEAER 5

KB KR M SR RAL IR T = AN R T ol BE e, IR BRI R T 1), DAL TR S e fR it
HRZ%,
2. #RENSEREEARIBLRIB IR
2.1, #RBINREERNEN TS

T A R BB RN VA 48 F AR REE . BB R DGEHRIRGE . IR (T T TR i)
IR, & 1 REXE T BTk, BT =FONER AR T B s, oA 2 s
PR R, AT E RS MU RIS R [8]: S BEA MG s, HRSRE, #IEAMER S
X RGBT [9]. MELZ TR, IRENIIR FOE I RS R BRI SRS AR, RGEE - R
TIRARFEZRT, HRARANE RA . #RAFAEHE & 2o A 8 RS 2R & L 3561

Table 1. Comparison table of prestressed cable force detection methods
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Figure 1. Vibration data acquisition and processing method for prestressed cables
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Figure 2. Special structural characteristics of external cables of wind power hybrid towers
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Figure 3. Acceleration sensor of external cable fastened by a custom clamp
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Figure 4. Frequency spectrum of external cables of hybrid wind turbine tower
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Figure 5. Cable force trend of external cables with occasional rub-impact faults
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Figure 6. External cable spectrum under normal and rub-impact conditions, (a) normal; (b) rub-impact
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Figure 7. Application of deep learning methods in prestressed cable force detection
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Figure 8. Fundamental principles and performance advantages of PINN
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Table 2. Comparison of various prestressed cable force identification via vibration frequency method
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