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Design Simulation and Parameter Optimization of A Ball Type Torque Limiter

DONG Zhirui, NIE Zhenjin, WU Hao, WANG Xiaolu, NIU Guangran

(Innovation Center for Control Actuators, Beijing Institute of Precision Mechatronics and Controls, Beijing, 100076)

Abstract: Torque limiter is a physical protection device that ensures mechanical equipment operates under safe load conditions.
Conventional engineering design typically employs static design and verification methods, with optimization and iteration carried out
through physical prototypes, resulting in long development cycles and high costs. The design simulation and combination parameter
optimization of a miniaturized torque limiter for a specific model are focused on. Firstly, based on the principle and elements of the
steel ball's inclined surface disengagement, some mathematical formulas are established and a three-dimensional structure is designed,
identifying the key parameters affecting the performance of the torque limiter. Secondly, the torque transmission characteristics and
structural strength of the torque limiter are simulated, and the accuracy of some strength simulation results is verified by using Hertz
contact theory. Thirdly, the main structural parameters are optimized and evaluated by using the orthogonal experiment method,
obtaining the best parameter combination. Finally, two principle prototypes are produced based on the models before and after
optimization, and static disengagement experiments are conducted to verify the accuracy of the disengagement torque under static load.

Keywords: torque limiter; simulation analysis; parameter optimization; impact loads; disengagement torque
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Fig.1 Force analysis of a steel ball
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Fig.2 Three-dimensional structure
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Tab.l Maximum equivalent stress

FNHLH/ HAER R AR | IRFR R B RS2 | TR R fp K52
(N-m) N /1/MPa [N 1/MPa N 13/MPa
3 200.49 286.05 168.48
5 351.62 488.34 284.62
10 678.59 951.16 566.52
100G 814.22 1141.30 680.28
R2 RTEE
Tab.2 Total deformation
WA | BRI | IR SR T R | R R AR T
(N-m) mm mm mm
3 0.005 4 0.0177 0.002 8
5 0.008 9 0.030 1 0.004 9
10 0.0177 0.058 9 0.009 2
10 0.0212 0.070 9 0.0110
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K | skache | U | vk | e | SO T
Sl /) | B /mm | A2/mm | BFTE)/ms N fEHREL
J1/MPa
1 50 15.8 5 15 205.13 -46.24
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3 50 15.5 7 16 212.68 -46.55
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Tab.6 Maximum equivalent stress

NI | ANIREBOEERL | DRI | TRIE PR AL
(N-m) i 77/MPa V. }1/MPa i J/MPa
3 183.48(8.48%) 262.38(8.27%) | 154.28(8.43%)
10Gr) | 743.45(8.69%) | 1046.30(8.32%) | 622.99(8.42%)
*1 BRTEE
Tab.7 Total deformation
BONHIAE, | HERRVETE R | OREFALEVRTE G | VRIS AR T A/
(N-m) mm mm mm
3 0.004 9(9.26%) | 0.016 009.60%) | 0.002 6(7.14%)
100G | 0.018 9(10.85%) | 0.060 3(14.95%) | 0.010 8(1.82%)
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Fig.22 Equivalent stress of retaining frame(optimized)
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Tab.8 Size parameters of disc springs

MEEIME | BB NAR | BEERRRE | BEE A | R T AR
mm mm mm mm H/mm
31.5 16.3 0.8 1.85 1.05
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Fig.28 Devices of static disengagement test
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Tab.9 Maximum equivalent stress

R %@Wﬁm ﬁ@ﬁﬁﬂ R %@Wﬁﬂ ﬁ@ﬁﬁﬂ
o BT AR | BT/ - BT AR | BT/
(N-m) (N-m) (N-m) (N-m)

1 5.28 5.04 6 5.24 5.18

2 5.31 5.11 7 5.13 5.08

3 5.22 5.13 8 5.21 5.11

4 5.19 4.97 9 5.29 5.07

5 5.24 5.04 10 5.29 5.12
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(1 J5 ERE AL G T 1T 348 8 5.085 Nom, 5515 L5
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