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Design and Optimization of Friction Winch for 25 MW Airborne
Wind Energy Systems

NIU Lizhao"™, YIN Kuo', LEI Chonghui’
( 1. Beijing Power Equioment Group Co., Ltd., Beijing 102401, China;
2. Guangdong Petrochemical Co., Ltd., Jieyang 515200, Guangdong, China )

Abstract: [Objective] Friction winch is the main working equipment for Airborne Wind Energy Systems (AWES). To overcome the
difficulties of high cable tension, high linear velocity and complex working conditions during its operation to meet the requirements of
long service life, high reliability and high safety, a floating double drum friction winch mechanism based on pressure bearing wheels is
proposed. [Method] The key components of the pressure bearing wheel and drum were optimized using finite element analysis software.
A force analysis model for the friction winch was established and subjected to mechanical analysis. The variable density method was
used to optimize the topology of the internal support structure of the pressure bearing wheel. Parameterized modeling of the drum was
conducted, followed by sensitivity analysis to screen out structural parameters with significant sensitivity to maximum stress, mean stress
and geometric mass. Using the central composite experimental design method, a response surface model was established for the drum's
stress, mass and main design structural parameters. [Result] By taking the minimum strain energy as the objective and the internal

support volume of the pressure bearing wheel as the constraint, the optimization achieves a 36% reduction in the structural mass of the
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pressure bearing wheel, and its strength is verified to meet the requirements by applying loads at different locations. Sensitivity analysis
is used to screen the structural parameters of the drum, and a response surface model of the drum is established for multi-objective
optimization. This results in a drum optimization design that achieves a 16.6% reduction in mass while meeting strength requirements.
[Conclusion] Based on finite element analysis simulation software, the key components of the friction winch are optimized and the
feasibility of the above configuration was verified. This not only reduces manufacturing costs and improves economic efficiency but also
addresses challenges such as bearing selection, vibration and thermal expansion in high-speed, heavy-duty winches.
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Fig. 1 Diagram of conventional double drum scheme
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Tab. 1 Design input parameters for friction winch
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Tab. 2 Design parameters of drive shaft of the drum
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Fig. 2 Diagram of pressure bearing wheel scheme
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Fig. 3 Diagram of friction winch for 25 MW AWES
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Fig. 4 Pressure bearing wheel loading and optimization area
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F T R 5 R i e 1A, SRR An] 457 B 0T
Al RESZ ., PRLIHCRG 7 A (6] SCHRE AR it n T AR 8y, 547
NI HT o REFRENE PSS R IHETIIE, 458 WoR K
JERCAE SCHEAL | 2 3 AL | AR S AE AN 3238, 405 I b
B SR PERE LR, WA 6 Fis .
3.2 EBEHMRKIZIT

FEBEE LG WA R ST i AR | BEJE
R R TE 5 e, Hovh, BEJE 1 42250 ) 25 R 5
Fi S 20 A B A T R BE IR RS 100 mm, BAR
5 B TR B R, (R R AR I Tl e . Hof
TH A AE G SE L A2 v 5K ) AT, B 4E X S il

AT 50%




16 7 RETR AR

LERVE

SN 1/MPa
589.86
300.00
262.52
225.04
187.55
150.07
112.59

75.11
37.62
0.14

(a) TRIRFESCAEAL P AT 45 R

SN F1/MPa
635.02
400.00
350.04
300.07
250.11
200.14
150.18
100.22

50.25
0.29

(OENIRISS EULA RS

AN J1/MPa
633.76
400.00
350.14
300.27
25041
200.55
150.69
100.82

50.96
1.10

(c) TRIRFEARSARAL T2 R
6 FRERMUIZERIE

Fig. 6 Strength verification of pressure bearing wheel
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Tab. 3 Input parameter of drum
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Fig. 9 Stress nephogram of drum with ring reinforcement
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