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Dual-Fiber Timing Technique for Tip Clearance Measurement and
Experimental Verification

LOU Jinwei', GAO Hanyu', LIU Hai', SHEN Xiangziang®, LIU Fuhai’, CHEN Guo’
(1. Shenyang Engine Research Institute, Aero-Engine Corporation of China  Shenyang, 110015, China)
(2. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics Nanjing, 210016, China)
(3. College of General Aviation and Flight, Nanjing University of Aeronautics and Astronautics Liyang, 213300, China)

Abstract For tip clearance measurement, a multi-section tip clearance measurement and verification simula-
tion rotor test bench is established, and multi-channel tip clearance online measurement software is developed.
First, tip clearance is measured using a customized dual-fiber sensor based on laser triangulation. Second, a
high-precision displacement platform is utilized to change the tip clearance value, and accurate tip clearance val-
ues are measured at different rotational speeds. Last, to address the trigger threshold voltage issue of the acquisi-
tion card for measuring tip clearance with dual-fiber sensors, a multi-channel integrated voltage comparator has
been designed, which eliminates the time difference on the order of 107° s caused by simultaneous measurement
of the two channels of the dual-fiber sensor. The results show that, based on the tip timing principle, the tip
clearance can be calculated by measuring only the arrival time of the tip. The mean error of each set of clearances
is within 5%, and the standard deviation of the tip clearance measurements in each group is less than 22 pm,

demonstrating the accuracy and repeatability of the tip clearance measurement system.

Keywords rotating machinery; tip clearance; laser triangulation; tip timing

Non-Gaussian Probability Distribution Characteristics and
Extreme Wind Pressure on Long-Span Roofs

XIE Jingkai', YANG Xiongwei®, LI Mingshui**, DU Shubi’*
(1. Guangzhou Metro Design &. Research Institute Co., Ltd. Guangzhou, 510010, China)
(2. School of Urban Geology and Engineering, Hebei GEO University ~ Shijiazhuang, 050031, China)
(3. Research Center for Wind Engineering, Southwest Jiaotong University Chengdu, 610031, China)
(4. Wind Engineering Key Laboratory of Sichuan Province Chengdu, 611756, China)

Abstract Wind tunnel pressure tests are conducted on a high-speed railway station roof to study the non-
Gaussian characteristics and extreme wind pressure distribution on the long-span roof surface. First, the surface
wind pressure is classified into Gaussian and non-Gaussian distributions. Then, the fitting effects of three differ-
ent single probability distributions (Gumbel, Lognormal, and Weibull) and their corresponding combined distri-
butions (double Gumbel, double Lognormal, and double Weibull) on the wind pressure time history of the roof
surface are compared. The extreme wind pressures obtained from the combined probability distributions are com-
pared with the estimates from the modified Hermite method. Finally, the extreme wind pressure distribution on
the roof under all wind directions is presented. The results show that the combined probability distributions pro-
vide a better {it to the wind pressure time history than the single distributions. The extreme value estimates from
each combined distribution at the same guarantee rate are more accurate than those from the single distribution.
The combined distributions generally yield better estimates at the 99.90% guarantee rate compared to the modi-
fied Hermite method. The extreme wind pressure varies significantly with the wind direction, and under all wind
directions, the minimum pressure coefficient reaches its lowest value at the middle of the roof edge side, reach-

ing —5.9.

Keywords long-span roof; non-Gaussian characteristics; extreme wind pressure; combined probability distri-

bution; extreme value estimation method



