
 

570 JOURNAL OF VIBROENGINEERING. MAY 2019, VOLUME 21, ISSUE 3  

Simulation and experimental research on dynamic 
characteristics of overrunning clutch 

Yanwei Liu1, Ziyue Lin2, Kegang Zhao3 
1, 2Guangdong University of Technology, Guangzhou, China 
3School of Mechanical and Automotive Engineering, South China University of Technology,  
Guangzhou, China 
3Corresponding author 
E-mail: 1ywliu@gdut.edu.cn, 2573116817@qq.com, 3kgzhao@scut.edu.cn 
Received 17 June 2018; received in revised form 10 October 2018; accepted 17 October 2018 
DOI https://doi.org/10.21595/jve.2018.20035 

Copyright © 2019 Yanwei Liu, et al. This is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. Because of the self-locking part inertia, deformation factors, and interspace between 
the driving and driven sides of the overrunning clutch, the existing dynamic models, which 
consider the rotational speed discrepancy or angle discrepancy as the only determinant to 
recognize the engaging state, have some difficulty in accurately describing and studying the 
dynamic characteristics of the overrunning clutch and its transmission system. In order to solve 
these problems, this paper proposed a modified method considering the influence of the dynamic 
characteristics of self-locking components through angle compensation. Four models were 
established on a MATLAB/Simulink platform, and an experiment was carried out on a 
transmission experimental platform under a stable driving torque and varying driving torque. 
Then, the comparison of the dynamic characteristic between the simulation and the experiment 
showed that under non-stationary excitation, taking the influence of the dynamic characteristic of 
the self-locking components into account through angle compensation can help to more accurately 
describe the dynamic characteristics of a transmission system with an overrunning clutch. 
Keywords: overrunning clutch, transmission system, nonlinear, dynamic model. 

Nomenclature 𝑀௖ Torque transmitted by overrunning clutch 𝑇௜ Driving torque 𝑇௢ Load torque 𝐾௖ Torsional stiffness of overrunning clutch 𝐾(𝑡) Time-varying meshing stiffness of gear pair 𝐶௖ Damping coefficient of overrunning clutch 𝐶 Damping coefficient of gear pair 𝛽(𝑡) Nonlinear function of the clearance in gear pair 𝜃௠, 𝜃௦ Rotational angle of driving side and driven side of overrunning clutch Δ𝜃ఈ௩(𝑡) Angle compensation in rotational speed discrepancy model  Δ𝜃ఈ(𝑡) Angle compensation in rotational angle discrepancy model 𝐼௜, 𝐼ଵ, 𝐼ଶ, 𝐼௢ Rotational inertias of input end, input gear, output gear, and output end in 
overrunning clutch-single gear pair system 𝜃௜, 𝜃ଵ, 𝜃ଶ Rotational angles of input end, input gear, and output gear in overrunning 
clutch-single gear pair system 𝑟ଵ, 𝑟ଶ Basic circle radiuses of input gear and output gear 𝑄௜, 𝑄ଵ, 𝑄ଶ Rotational angles of input end, input gear and output gear in Simulink models 𝑑𝑄௜, 𝑑𝑄ଵ, 𝑑𝑄ଶ Rotational speeds of input end, input gear and output gear in Simulink models 

1. Introduction 

Overrunning clutch is a kind of basic mechanical component that transmits power in one way. 

https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2018.20035&domain=pdf&date_stamp=2019-05-15
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The clutch is currently applied in many kinds of mechanical systems because it can switch its state 
by itself with a change in the rotational speed and direction between the driving and driven 
components. For example, it can be used on vehicles to realize the separate functions of the engine 
and starter [1], torque converters to restrict the one-way guide rotation [2] and driving systems for 
front-end accessories of the engine to realize a shock-absorbing function [3, 4]. Research on 
overrunning clutches has mainly concentrated on the mechanism design and reliability analysis 
corresponding to the application environment [5-7], analysis of contact stress, fatigue life and 
overload capacity [8-10], and dynamic characteristic of the overrunning clutch [11-14] and its 
transmission system. 

Depending on the modeling method, the dynamic models of the overrunning clutch are divided 
into physical models and mathematical models based on the finite element software or multi-body 
dynamics software. The physical models are used to research the self-characteristics of the 
overrunning clutch, and the mathematical models are used to study the dynamic characteristics of 
the transmission system [15]. Most of the existing mathematical models are spring damping 
models without rotational inertia, which regard the rotational speed difference [16] and the angle 
difference [12, 13] as the determination to recognize the state of the clutch. The engagement of 
the overrunning clutch is the combined action of the driving side and self-locking components, 
the driven side and self-components. Because of the inertia of the self-locking part, deformation 
factors, and interspace between the driving and driven sides, an idle angle appears during 
engagement [17]. The synchronization performance of the clutch can meet the needs in the case 
where the idle angle is not strictly restricted. But the idle angle may affect the dynamic 
characteristics when the frequent switching between overrunning and engaging occurs under the 
non-stationary excitation. 

With the development of the multi-model and controllability technology, related studies on the 
application of the overrunning clutch on automatic transmissions have been conducted [18-20]. 
Describing the dynamic characteristics more correctly and increasing the precision of the 
mathematical models can better support the research on the dynamic characteristics of the 
overrunning clutch and its transmission chain. On the basis of the traditional dynamic 
mathematical model, this paper proposes a modified method considering the influence of the 
dynamic characteristics of the self-locking part through angle compensation. From the four types 
of overrunning clutch models, the dynamic model of the overrunning clutch-single gear pair 
system was established on a MATLAB/Simulink platform under both stable and varying driving 
torques. Compared with the experiment, the accuracy of the four models was analyzed. 

2. Dynamic model 

2.1. Overrunning clutch model 

The study of the dynamic characteristics of the transmission system is based on the 
mathematical models of each component. Controllable overrunning clutch applied in automotive 
transmission systems is always installed in the middle of the shafts and gears to control the power 
transmission. All the components in the traditional overrunning clutch model have always been 
simplified as inertial components without elastic damping elements and elastic damping 
components without inertial elements. When the overrunning clutch is in engagement, it is 
considered as an elastic damping component without an inertial element, because the driving gears 
and the driven sides are rigidly connected with the shafts and gears, and their inertia is also 
contained in the inertia of the shafts and gears. This is considered in mathematical models of the 
overrunning clutch to judge the state of the clutch. At present, the rotational speed difference and 
the angle difference between the driving gears and driven gears are generally used as the basis for 
judging the connection state. The models based on these determinants are called as the “rotational 
speed discrepancy model” and the “rotational angle discrepancy model.” The torques transmitted 
by the overrunning clutch in these models are expressed as Eqs. (1) and (2). 𝜃௠(𝑡), 𝜃௦(𝑡) are the 
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rotational angles of the driving side and the driven side of the overrunning clutch, respectively, in 
rad. 𝐾௖ is the torsional rigidity of the clutch, in N·m/rad. 𝐶௖ is the damping coefficient. 𝑀௖(𝑡) is 
the torque transmitted by the clutch, in N·m: 

𝑀ୡ(𝑡) = ൝𝐾௖൫𝜃௠(𝑡) − 𝜃௦(𝑡)൯ + 𝐶௖ ቀ𝜃ሶ௠(𝑡) − 𝜃ሶ௦(𝑡)ቁ,   𝜃ሶ௠(𝑡) ≥ 𝜃ሶ௦(𝑡),0,    𝜃ሶ௠(𝑡) < 𝜃ሶ௦(𝑡),  (1) 

𝑀௖(𝑡) = ቊ𝐾௖൫𝜃௠(𝑡) − 𝜃௦(𝑡)൯ + 𝐶௖ ቀ𝜃ሶ௠(𝑡) − 𝜃ሶ௦(𝑡)ቁ,   𝜃௠(𝑡) ≥ 𝜃௦(𝑡),0,   𝜃௠(𝑡) < 𝜃௦(𝑡).  (2) 

The engagement of the overrunning clutch consists in the combined action of the driving side 
and the self-locking components, driven side, and self-components. Because of the inertia of the 
self-locking part, deformation factors, and interspace between the driving and driven sides, an idle 
angle appears during engagement. This means that the driving components or the driven 
components still need to turn a relative angle to enter the engaging state substantially, which means 
the torque can be transmitted after the driving components and the driven components to satisfy 
the engaging state. Thus, Eqs. (1) and (2) do not account for the influence of the dynamic 
characteristics of the self-locking components.  

The transmission system always works under non-stationary excitation from the power source 
and the load, such as cyclic excitation from the automotive engine and vibrational excitation from 
the pavement. When the overrunning clutch is installed in the main transmission chain, its working 
state frequently switches from engaging to overrunning and to engaging under non-stationary 
excitation. The idle angle also accumulates with increased switching times of the clutch in the 
transmission process. Obviously, the accumulation of idle angle will lead to large errors in the 
elastic force calculated by Eqs. (1) and (2).  

By accounting for the impact of the dynamic characteristics of self-locking components, an 
assumption can be made to eliminate errors caused by the accumulation of idle angle through 
angle compensation, as shown in Eq. (3). Δ𝜃ఈ௩(𝑡) is the angle compensation in the rotational 
speed discrepancy model, and the rotational speed discrepancy model with an angle compensation 
is expressed as Eq. (4). Δ𝜃ɑ(𝑡) is the angle compensation in the rotational angle discrepancy model, 
and the rotational angle discrepancy model with angle compensation is expressed as Eq. (6): 

Δ𝜃ఈజ(𝑡) = ቊ𝜃௦(𝑡) − 𝜃௠(𝑡),   𝜃ሶ௠(𝑡) < 𝜃ሶ௦(𝑡),Δ𝜃ఈజ(𝑡 − 1),   𝜃ሶ௠(𝑡) ≥ 𝜃ሶ௦(𝑡),  (3) 

𝑀ୡ(t) = ൝𝐾௖൫𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈఔ(𝑡 − 1)൯ + 𝐶௖ ቀ𝜃ሶ௠(𝑡) − 𝜃ሶ௦(𝑡)ቁ,   𝜃ሶ௠(𝑡) ≥ 𝜃ሶ௦(𝑡),0,   𝜃ሶ௠(𝑡) < 𝜃ሶ௦(𝑡),  (4) 

Δ𝜃஑(𝑡) = ൝𝜃௦(𝑡) − 𝜃௠(𝑡),   𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈ(𝑡 − 1) < 0,Δ𝜃ఈ(𝑡 − 1),   𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈ(𝑡 − 1) ≥ 0,0,   𝑡 = 0,  (5) 

𝑀௖(𝑡) = ൞𝐾௖൫𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈ(𝑡 − 1)൯ + 𝐶௖ ቀ𝜃ሶ௠(𝑡) − 𝜃ሶ௦(𝑡)ቁ ,       𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈ(𝑡 − 1) ≥ 0,0,   𝜃௠(𝑡) − 𝜃௦(𝑡) + Δ𝜃ఈ(𝑡 − 1) < 0.  (6) 

2.2. Dynamic model of overrunning clutch-single gear pair system 

The dynamic model of the overrunning clutch-single gear pair system is established as shown 
in Fig. 1. The system consists of the inertia of the input end, overrunning clutch, input gears, 
output gears, and the inertia of the output end. The output gears connect rigidly with the output 
end, and its inertia is also contained in the inertia of the output end. To explain it, this combination 
is called as the “output combination”. 
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Fig. 1. Dynamic model of overrunning clutch-single gear pair system 

As shown in Fig. 1, 𝐼௜, 𝐼ଵ, 𝐼ଶ, and 𝐼௢ are the rotary inertia of the input end, input gear, output 
gear, and output end, respectively, in kg·m2. Thus, the rotary inertia of the output combination is 
equal to 𝐼ଶ plus 𝐼௢. 𝜃௜(𝑡), 𝜃ଵ(𝑡), and 𝜃ଶ(𝑡) are the rotated angles of the input end, input gear, and 
output combination, respectively, in rad. 𝑟ଵ and 𝑟ଶ are the basic circle radiuses of the input gear 
and the output gear, respectively, in m. 𝑇௜ is the driving torque acting on the input end, in N·m. 𝑇௢ 
is the load torque acting on the output combination, in N·m. 𝐶 is the damping coefficient in the 
meshing process of gear pair. 𝐶௖ is the damping coefficient of the overrunning clutch. 𝐾(𝑡) is the 
time-varying mesh stiffness of the gear pairs, in N/m. 𝐾௖  is the torsional stiffness of the 
overrunning clutch, in N·m/rad. 

By simplifying the input end, including the driving side of the overrunning clutch; the input 
gear, including the driven side of the clutch; and the output combination to the inertial  
components, and simplifying the engagement of the clutch and gears to the elastic damping 
elements without inertia, the motion differential equation is derived as Eq. (7). 𝛽(𝑡)  is the 
nonlinear function of the gear side clearance while engaging. 𝐾(𝑡) is the time-varying meshing 
stiffness based on the multilevel fitting stiffness model proposed in the literature [7]. The 
definitions of the damping coefficient and the non-linear function of the gear side clearance are 
also described in the literature [7]: 

൞𝐼୧𝜃ሷ୧(𝑡) = 𝑇୧(𝑡) − 𝑀ୡ(𝑡),𝐼ଵ𝜃ሷଵ(𝑡) = 𝑀ୡ(𝑡) − ൣ𝐶൫𝜃ሶଵ(𝑡)𝑟ଵ − 𝜃ሶଶ(𝑡)𝑟ଶ൯ + 𝐾(𝑡)𝛽(𝑡)൧𝑟ଵ,(𝐼ଶ + 𝐼଴)𝜃ሷଶ(𝑡) = −𝑇଴(𝑡) + ൣ𝐶൫𝜃ሶଵ(𝑡)𝑟ଵ − 𝜃ሶଶ(𝑡)𝑟ଶ൯ + 𝐾(𝑡)𝛽(𝑡)൧𝑟ଶ. (7) 

3. Comparison and simulation analysis 

3.1. Simulation model establishment 

From the four overrunning clutch models shown in Eqs. (1), (2), (4) and (6), and the dynamic 
model of the overrunning clutch-single gear pair system shown in (7). The simulation models of 
rotational speed discrepancy model with angle compensation and rotational angle discrepancy 
model with angle compensation were established in Simulink as shown in Fig. 2 and Fig. 3. The 
main parameters of the models are shown in Table 1. 

In Fig. 2 and Fig. 3, the differential equations shown in Eq. (7) are implemented by input end 
subsystem, input gear subsystem and output gear subsystem. The calculation of damping force 
and stiffness in the meshing process in Eq. (7) are transferred to the damping models and stiffness 
models. In addition, Eqs. (3) and (4) are implemented by angle compensation subsystem and 
transmitted torque subsystem of rotational speed discrepancy model with angle compensation in 
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Fig. 2, while Eqs. (5) and (6) are implemented by the same subsystems in rotational angle 
discrepancy model with angle compensation in Fig. 3. In these subsystems, 𝑀௖ , 𝑇௢  and 𝑇௜ 
represent the transmitted torque, load torque and driving torque. 𝑄௜ , 𝑄ଵ  and 𝑄ଶ  represent the 
rotational angles of input end, input gear and output gear, while 𝑑𝑄௜, 𝑑𝑄ଵ and 𝑑𝑄ଶ represent the 
corresponding rotational speeds.  

Table 1. Simulation parameters of overrunning clutch-single gear pair system 
Item Value 

Inertia of input end (𝐼௜) 5×10-3 kg·m2 
Torsional stiffness of overrunning clutch (𝐾௖) 2000 N·m/rad 

Damping coefficient of overrunning clutch (𝐶௖) 0.063 N·m·s/rad 
Number of teeth on input gears 15 
Number of teeth on output gears 17 

Basic circle radius of input gear (𝑟ଵ) 67.5×10-3 m 
Basic circle radius of input gear (𝑟ଶ) 76.5×10-3 m 

Rotary inertia of input gear (𝐼ଵ) 3.8×10-4 kg·m2 
Rotary inertia of output gear (𝐼ଶ) 4×10-4 kg·m2 
Rotary inertia of output end (𝐼௢) 0.15 kg·m2 

Mean meshing stiffness of gear (𝐾) 1×108 N/m 
Meshing damping coefficient of gear (𝐶) 403.66 N·s/m 

 
Fig. 2. Simulation model based on Simulink for  

rotational speed discrepancy model with angle compensation 

 
Fig. 3. Simulation model based on Simulink for  

rotational angle discrepancy model with angle compensation 
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To perform a full analysis and comparison of the four models, the simulation was conducted 
under two typical conditions of stable and varying driving torques. The condition of stable driving 
torque means that the driving torque of the input end and the load torque of the output end are 
equal in size at a certain speed. The condition of varying driving torque means that at a certain 
speed, the driving torque of the input end fluctuates periodically while the driving torque of the 
output end remains constant. 

3.2. Stable driving torque 

The initial velocity of the overrunning clutch is assumed to be 35 rad/s. The driving torque of 
the input end 𝑇௜ is 15 N•m. The load torque of the output end 𝑇௢ is –17 N·m. The results of the 
simulation of the rotational speed discrepancy model are shown in Fig. 4. The results of the 
simulation of the rotational speed discrepancy model with the angle compensation are shown in 
Fig. 5. The results of the simulation of the rotational angle discrepancy model are shown in Fig. 6. 
The results of the simulation of the rotational angle discrepancy model with the angle 
compensation are shown in Fig. 7. In each figure, panel (a) shows the engaging state of the 
overrunning clutch, panel (b) shows the torque transmitted by the clutch, panel (c) shows the 
rotational speed of the input shaft and output shaft, and panel (d) shows the angle between the 
input shaft and the output shaft. And the numerical results are shown in Table 2. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 4. Simulation results of rotational speed discrepancy model under constant torque 

As shown in Fig. 4(a), the y-axis plots the state of the overrunning clutch; the value 1 means 
engagement, and 0 means overrunning. The overrunning clutch is in engagement from 0 to 0.01 s. 
In the time from 0.01 to 0.3 s, the state of the overrunning clutch switches constantly. As shown 
in Fig. 4(b), from 0 to 0.01 s, the torque transmitted by the clutch increases linearly, and in the 
time from 0.01 to 0.3 s, the torque appears as a fast hopping between a positive value and 0 with 
the changes in the state of the overrunning clutch; the positive value also increases over time. As 
shown in Fig. 4(c), from 0 to 0.01 s, the rotational speed of the input end increases constantly 
because of the driving torque. On the contrary, the rotational speed of the output end decreases 
constantly because of the load torque. The overrunning clutch is in engagement at 0.01 s while the 
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rotational speed of the input end decreases, and the rotational speed of the output end increases. 
After that, the rotational speed of the input and output ends tends to a relatively stable state, which 
fluctuates within the scope of ±0.5 rad/s. As shown in Fig. 4(d), the rotational angle of the input 
and output ends increases linearly over the entire process.  

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 5. Simulation results of rotational speed discrepancy model with  
angle compensation under constant torque 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 6. Simulation results of rotational angle discrepancy model under constant torque 
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As shown in Fig. 5(a), the overrunning phenomenon occurs at intervals for a short time while 
engaging. As shown in Fig. 5(b), the torque transmitted by the overrunning clutch increases 
constantly while engaging and drops to 0 in a short time while the clutch switches from the 
engaging state to the overrunning state. As shown in Fig. 5(c), the rotational speed of the input 
and output end undergo a large fluctuation. As shown in Fig. 5(d), the rotational angle of the input 
and output end increases linearly.  

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 7. Simulation results of rotational angle discrepancy model  
with angle compensation under constant torque 

As shown in Fig. 6(a), the overrunning clutch keeps engaging constantly. As shown in 
Fig. 6(b), from the beginning of the simulation, the torque transmitted by the clutch oscillates and 
increases from 0, reaches 15 N·m at 0.025 s, and oscillates within the scope of ±2 N·m. As shown 
in Fig. 6(c), the rotational speed of the input end undergoes a large fluctuation when the clutch 
first engages. After that, the speed tends to be stable and oscillates slightly near 37 rad/s. The 
rotational speed of the output end has the same process and finally oscillates within the scope of 
±0.5 rad/s near 32.5 rad/s. As shown in Fig. 6(d), the rotational angle of the input and output ends 
increases linearly. The simulation results shown in Fig. 7 are essentially consistent with those 
shown in Fig. 6. 

By comparing the state of the overrunning clutch in Figs. 4(a) to 7(a), the phenomenon was 
found that the overrunning clutch, which model regards the rotational speed difference as the 
determinant to recognize the connecting state, no matter with consideration of angle compensation 
or without, switches between engaging and overrunning states many times throughout the process. 
However, the overrunning clutch, which model regards the rotational angle difference as the 
determinant, no matter with consideration of angle compensation or not, stabilizes the engaging 
state.  

By comparing the torque transmitted by the clutch in Figs. 4(b) to 7(b) and Table 2, the 
phenomenon was found that the transmitted torques of the two rotational angle discrepancy 
models both fluctuate at 15 Nm within the maximum at 16 Nm, the minimum at 14 Nm after 
stabilization time for around 0.025 s. It means that the torques in two rotational angle discrepancy 
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models remain as steady as driving torque and tend to a true value, which are similar to the actual 
situation. And the transmitted torques of the two rotational speed discrepancy models keep 
fluctuation as the frequent changes between engaging and overrunning states mentioned 
previously within the maximum at 37 Nm and 42 Nm respectively, the minimum at 0 Nm, which 
is contrary to the dynamic characteristic of overrunning clutch. 

By comparing the rotational speed and angle of the input and output ends in Figs. 4(c) to 7(c) 
and 4(d) to 7(d), the phenomenon was found that, compared with the rotational speed discrepancy 
model, the speed of the input and output ends in the rotational speed discrepancy model with angle 
compensation undergoes a larger oscillation, and its angle of the input end also increases, but there 
is no obvious angle difference in the other three models. 

Table 2. Simulation results of the four models under stable driving torque. 

– Rotational speed 
discrepancy model 

Rotational speed 
discrepancy model 

with angle 
compensation 

Rotational angle 
discrepancy 

model 

Rotational angle 
discrepancy model 

with angle 
compensation 

Driving torque 
/ (Nm) 15 

Number of 
state switching 89 58 0 0 

Maximum 
value of stable 

transmitted 
torque / (Nm) 

37 42 16 16 

Minimum value 
of stable 

transmitted 
torque / (Nm) 

0 0 14 14 

3.3. Varying driving torque 

The initial velocity of the overrunning clutch was assumed to be 35 rad/s. The driving torque 
of the input end is expressed as 𝑇௜ = 15 + 30sin(20𝜋𝑡)N·m. The load torque of the output end is 
−17 N·m. The results of the simulation of the four model types are shown in Figs. 6 to 9. The 
numerical results are shown in Table 3. 

As shown in Fig. 8(a), the overrunning clutch is in engagement from 0 to 0.01 s. In the time 
period from 0.01 to 0.065 s, the state of the overrunning clutch switches constantly. The clutch 
keeps overrunning from 0.065 to 0.1 s. The clutch repeats the previous action in the next 0.2 s. As 
shown in Fig. 8(b), in the time period from 0 to 0.065 s, 0.1 to 0.165 s, and 0.2 to 0.265 s, the 
torque transmitted by the clutch undergoes fast hopping between a positive value to 0 with 
switching the state of the overrunning clutch, and the positive value can reach 500 N·m or more 
within the time from 0.1 to 0.165 s and 0.2 to 0.265 s, and a negative value appears near 0.1 s and 
0.2 s. As shown in Fig. 8(c), the rotational speed of the input end fluctuates with the torque 
variation, and within the time from 0.065 to 0.1 s, 0.165 to 0.2 s, and 0.265 to 0.3 s, the rotational 
speed of the input end is lower than that of the output end; that means that the clutch is in 
overrunning state that time. At the moment of 0.1 s and 0.2 s, a large positive hop appears in the 
rotational speed of the input end while a large negative hop appears in the rotational speed of the 
output end. Fig. 8(d) shows that the rotational angle of the input and output end increases linearly. 

It can be seen from Fig. 9(a), despite a few momentary overrunning instances, the overrunning 
clutch is in engagement during most of the time from 0 to 0.065 s. In the time period from 0.065 
to 0.1 s, the clutch is in the overrunning state. The clutch repeats the previous action after that. As 
shown in Fig. 9(b), the torque transmitted by the clutch increases when the state switches from 
overrunning to engaging, and drops to 0 when the state switches from engaging to overrunning. 
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In the time period from 0.065 to 1 s, the torque is 0 because the clutch is in the overrunning state. 
As shown in Fig. 9(c), a serrated fluctuation appears in the rotational speed of the input and output 
end from 0 to 0.065 s, and the rotational speed of the input end is lower than that of the output 
end. As shown in Fig. 9(d), the rotational angle of the input and output ends increases linearly. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 8. Simulation results of rotational speed discrepancy model under varying torque 

 
a) 

 
b) 

 
c) 

Fig. 9. Simulation results of rotational speed discrepancy model with  
angle compensation under varying torque 
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a) 

 
b) 

 
c) 

 
d) 

Fig. 10. Simulation results of rotational angle discrepancy model under varying torque 
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b) 

 
c) 

 
d) 

Fig. 11. Simulation results of rotational angle discrepancy model with  
angle compensation under varying torque 
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the clutch is approximately 50 N·m when the clutch first engages in the time period from 0 to 
0.065 s. A large positive torque occurs with the switches from overrunning to engaging in the time 
period from 0.12 to 0.16 s and 0.22 to 0.26 s, and the torque increases with increasing engaging 
time. A negative torque occurs with the switches from engaging to overrunning. As shown in 
Fig. 10(c), the rotational speed of the input end fluctuates with the torque variation, and the 
rotational speed of the output end is also normal from 0 to 0.12 s. The large fluctuation occurs in 
the rotational speed of the input and output ends when the state of the clutch switches from 
overrunning to engaging in the time period from 0.12 to 0.16 s and 0.22 to 0.26 s. As shown in 
Fig. 10(d), the rotational angle of the input and output ends increases linearly. 

As shown in Fig. 11(a), the clutch keeps engaging from 0 to 0.065 s, and the transient switching 
between engaging and overrunning appear near 0.065 s. Then, the clutch is in the overrunning 
state from 0.065 to 0.1 s. After that, the clutch repeats the steps from 0 to 0.1 s. As shown in 
Fig. 11(b), the torque transmitted by the clutch first increases then decreases in the time period 
from 0 to 0.065 s, and it becomes 0 in the time period from 0.065 to 0.1 s. As shown in Fig. 11(c), 
the rotational speed of the input and output ends changes with increasing torque. The rotational 
speed of the input end decreases rapidly, and its speed decreases even faster than that of the output 
end because of the negative torque value in the time period from 0.065 to 0.1 s. Because of the 
stiffness damping characteristic of the clutch, a tiny fluctuation of the rotational speed occurs with 
switching from overrunning to engaging at approximately 0.1 s. As shown in Fig. 11(d), the 
rotational angle of the input and output ends increases linearly. 

By comparing the state of the overrunning clutch in Figs. 8(a) to 11(a), the phenomenon was 
found that with the variation in transmitted torque, there are many instances of switching between 
the overrunning and engaging modes in the four models. For positive values of transmitted torque 
in the rotational speed discrepancy model, rotational speed discrepancy model with angle 
compensation, and rotational angle discrepancy model, the switching phenomenon occurs. In the 
rotational angle discrepancy model with angle compensation, when the value of the transmitted 
torque is positive, the clutch remains in the engaging state and switches to the overrunning state 
when the value turns negative. 

By comparing the torque transmitted by the clutch in Figs. 8(b) to 11(b) and Table 3, the 
phenomenon was found that the maximum values of transmitted torque of the two models without 
angle compensation are 953 Nm and 297 Nm respectively, which are much larger than that of the 
two models with angle compensation, while the driving torque fluctuate in a smaller range where 
the maximum is 45 Nm and the minimum is –15 Nm.  

Table 3. Simulation results of the four models under varying driving torque 

– Rotational speed 
discrepancy model 

Rotational speed 
discrepancy model 

with angle 
compensation 

Rotational angle 
discrepancy 

model 

Rotational angle 
discrepancy model 

with angle 
compensation 

Driving torque 
/ (Nm) 15 + 30sin(20𝜋𝑡) 

Number of 
state switching 429 24 17 3 

Maximum 
value of 

transmitted 
torque / (Nm) 

953 90 297 38 

Minimum value 
of transmitted 
torque / (Nm) 

–1529 0 –55 0 

And the minimum values of transmitted torque of the two models without angle compensation 
are negative, which are contrary to the characteristic of the clutch. A high-frequency and 
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wide-amplitude fluctuation appears in the rotational speed discrepancy model with angle 
compensation, while the rotational speed discrepancy model with angle compensation transmits 
torque in the fluctuation period of 0.1 s in a smoother way, which is more similar to the actual 
situation. 

By comparing the rotational speed and angle of the input and output ends in Figs. 8(c) to 11(c) 
and 8(d) to 11(d), the phenomenon was found that a sudden change of the rotational speed appears 
in the models without angle compensation considered, and a serrated fluctuation appears with the 
high-frequency and wide-amplitude fluctuation of the transmitted torque in the rotational speed 
discrepancy model with angle compensation. However, the rotational angle discrepancy model 
with angle compensation performs better. 

4. Comparison and analysis of experiment 

By comparing the simulation results under stable and varying driving torques, we made a 
preliminary judgment that the rotational angle discrepancy model with angle compensation can 
more accurately describe the dynamic characteristics of the overrunning clutch. To verify this 
judgment, a transmission experiment platform of the overrunning clutch-single gear pair system 
was built. The platform consists of a driving motor, overrunning clutch-single gear pair system, 
inertia component, load, corresponding controller, and measuring equipment. The experimental 
setup is shown in Fig. 12, and the parameters of the components are shown in Table 4. 

 
Fig. 12. Transmission experimental platform of overrunning clutch-single gear pair system 

Table 4. Component parameters of experimental platform 
Item Model Parameters Values 

Three-phase asynchronous motor 1TL0001-0EB4 Rated power 1.5 kW 
Magnetic powder brake  FZ 10.J Maximum torque capacity 10 N·m 

Rotational inertia 
– Motor 0.0047 kg·m2 
– Inertial flywheel 1 0.0224 kg·m2 
– Inertial flywheel 2 0.0224 kg·m2 

On the platform, the experiment was carried out under stable and varying driving torques; the 
data was collected after the platform had been working for a while in a stable state. Corresponding 
to the stable state in the experiment, we compared the rotational speed after 0.05 s in the four 
models with the data collected from the platform. Because the transmission ratio of the 
overrunning clutch-single gear pair system was 17/15, in order to facilitate the comparison and 
analysis, we multiplied the rotational speed of the output end from the experiment and simulation 
by that ratio. The experimental results after treatment are shown in Figs. 11 and 12. The simulation 
results are shown in Figs. 13 and 14. 

As shown in Fig. 13, under the stable driving torque, the rotational speeds of the input and 
output ends are both stable at 750 rpm and fluctuate in the range of ±50 rpm because of the 
vibration of the platform. As shown in Fig. 15, under the same torque, the speed curves simulated 
from the rotational speed discrepancy model, rotational angle discrepancy model, and rotational 
angle discrepancy model with angle compensation are closer to the experimental results. In the 
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rotational speed discrepancy model with angle compensation, the speed fluctuation is larger, and 
an obvious rotational speed difference between the input end and the output end exists, meaning 
that the simulation results are different from the experiment. 

 
Fig. 13. Experimental results of rotational speed of 

input and output shafts under constant torque 

 
Fig. 14. Experimental results of rotational speed of 

input and output shafts under varying torque 
 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 15. Simulation results of rotational speed of four models under constant torque 

As shown in Fig. 14, under the varying driving torque, the speed of the input end is obviously 
lower than that of the output end in the time period from 1 to 3 s and from 5 to 7 s; that means the 
clutch is in the overrunning state. In Fig. 16, in the rotational speed discrepancy model shown in 
panel (a), large speed fluctuations occur in the input and output ends when the state of the clutch 
switches from overrunning to engaging in the time period from 0.1 to 0.2 s; that means the 
simulation result is different from the experiment. In the rotational angle discrepancy model 
shown in panel (b), the large speed fluctuation also occurs in the input end with switching from 
overrunning to engaging at the same time. This means that the simulation result is different from 
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the experiment in this case as well. In the rotational speed discrepancy model with angle 
compensation shown in panel (c), a high-frequency and wide-amplitude fluctuation appears in the 
input end and the output end when the rotational speed increases; that means the simulation result 
is different from the experiment in this case as well. The trend of the change in the rotational angle 
discrepancy model with angle compensation agrees well with the experiment. The result of the 
experiment verifies the preliminary judgment mentioned previously. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 16. Simulation results of rotational speed of four models under varying torque 

5. Conclusions 

By comparing the results of the simulation and experiment mentioned above, the conclusion 
was drawn as bellow: the rotational speed discrepancy model could not describe the actual 
working state of the overrunning clutch accurately, because the frequent switching phenomenon 
appeared in the simulation result, which leaded to a high-frequency and wide-amplitude 
fluctuation in the result of transmitted torque, and it did not agree with the experiment result. Also, 
the rotational angle discrepancy model can only accurately describe the actual working state under 
constant torque, because the amplitude of the transmitted torque is large, and the obvious negative 
value appears to be in conflict with the clutch characteristics. 

The research showed that the rotational angle discrepancy model with angle compensation, 
which had taken the influence of dynamic characteristics of the self-lock components into account, 
could accurately describe the actual working state under both the varying torque and constant 
torque, as well as the dynamic characteristics of the transmission system with overrunning clutch.  
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