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Figure 1 Input shaping diagram
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Figure 2 Input shaping schematic diagram
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Figure 3 Measuring arm vibration suppression test bench
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Figure 6 Step-by-step diagram of residual vibration simulation with different methods
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Figure 8 Comparison of residual vibration of shaped by
different methods
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Figure 10 Residual vibration with different shaping methods
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Freeze-thaw Damage Characteristics of Low-exothermic Polymer Materials in

Snow-melting Salt Environments

ZHANG Bei', GUO Yufeng', ZHONG Yanhui', LI Xiaolong', LIU Jianyang’, WANG Yilong'

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Provincial Commu-

nications Planning & Design Institute Co. , Ltd. , Zhengzhou 451460, China)

Abstract; To address the influence of salt freeze-thaw environment on low-exothermic polymer materials, an inves-
tigation was conducted to explore the water absorption, mass, and compressive strength of these materials following
exposure to freeze-thaw cycles in salt solutions ( CaCl, and CH,COOK) and pure water. Scanning electron micros-
copy (SEM) analysis was employed to elucidate the mechanisms underlying the loss of mass and compressive
strength in the materials from the microscopic point of view. Finally, based on the principles of damage mechanics,
the damage variable D was determined using the mass loss rate and compressive strength loss rate as parameters.
Subsequently, an evolution equation for freeze-thaw damage was established. The results indicated that as the num-
ber of freeze-thaw cycles increased, the water absorption rate of the material initially rose and then decreased slight-
ly, while its mass and compressive strength gradually declined, suggesting that the material was subjected to certain
freeze-thaw damage, and the freeze-thaw damage originated from the deformation and rupture of the cellular struc-
ture within the material. The materials suffered more severe freeze-thaw damage in salt solutions, especially in
CaCl, solutions. After 200 freeze-thaw cycles, the average mass loss and average strength loss of samples with dif-
ferent densities in CaCl, solution were about 1.7 times and 1. 5 times of those in pure water, respectively, further-
more, the higher the density of the material, the stronger its freeze-melt resistance.

Keywords : low-exothermic polymer; salt solutions; freeze-thaw cycle; damage characteristics; damage evolution e-

quation
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Residual Vibration Suppression of Hydropower Stator Measurement

Arm Based on Smooth Shaper

LIANG Jie, HU Chengjun, YANG Jiong, GAO Lin

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; The measurement of stator roundness in hydro-generators traditionally relied on manually pushing the
measurement arm to multiple test points for evaluation. This process was time-consuming and labor-intensive. To
improve measurement efficiency, a stator roundness measurement system was designed, utilizing a smooth input
shaper (SIS) to suppress residual vibrations during the stopping phase of the measurement arm. Firstly, simula-
tions were performed to compare the SIS shaper with existing zero-vibration (ZV ), zero-vibration-derivative
(ZVD) , and extra-insensitive ( EI) shapers in terms of residual vibration, time delay, and sensitivity. Secondly,
an experimental test platform was used to evaluate the effectiveness of these shapers. Finally, field tests were con-
ducted at the Yangqu Hydropower Station in Qinghai Province. Results demonstrated that the SIS exhibited the
strongest robustness, with minimal impact on vibration suppression performance when system parameters were im-
precise. Even with inaccuracies in damping ratio and natural frequency, the SIS achieved effective vibration sup-
pression, reducing the peak residual vibration at the measurement arm tip by 91.6%. The SIS-integrated measure-
ment system maintained measurement accuracy while reducing vibration decay time by 87. 9% during stator roundness
assessments.

Keywords: input shaping; residual vibration suppression; smooth shaper; large measuring arm
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