
 

624 JOURNAL OF VIBROENGINEERING. JUNE 2022, VOLUME 24, ISSUE 4  

Vibration characteristics analysis of face gear 
transmission system considering gyroscopic effect 

Xiaozhen Li1, Kuo Su2, Tongjie Li3, Liyong Zhang4 
1, 2, 3, 4College of Mechanical Engineering, Anhui Science and Technology University,  
Chuzhou, Anhui, 233100, China 
1College of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu, 212013, China 
1Corresponding author 
E-mail: 1lixzh@ahstu.edu.cn, 21775877681@qq.com, 3312000024@qq.com, 418855205626@163.com 
Received 9 November 2021; received in revised form 18 January 2022; accepted 2 February 2022 
DOI https://doi.org/10.21595/jve.2022.22289 

Copyright © 2022 Xiaozhen Li, 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. To improve the dynamics of the face gear transmission system, a nonlinear dynamics 
model considering gyroscopic effects and including parameters such as time-varying meshing 
stiffness, meshing damping, tooth side clearance, support stiffness and damping is developed. The 
Runge-Kutta method was used to solve the nonlinear kinetic equations and analyze the accuracy 
and reasonableness of the model calculation results. The vibration displacement, vibration velocity 
and vibration acceleration along each direction of the face gear and straight cylindrical gear were 
analyzed, and the torsional vibration characteristics of the center of mass of the two gears were 
studied. 
Keywords: dynamic response, gyroscopic effect, orthogonal face gears. 

1. Introduction 

Face gear transmission is a cylindrical gear and bevel gear meshing gear transmission, its 
transmission principle is shown in Fig. 1, where the gear 1 for the involute straight cylindrical 
gear, gear 2 for the bevel gear, two-wheel axis intersection, its angle is 𝛾. When the axis 
intersection angle 𝛾  90 °, the bevel gear teeth will be distributed in a circular plane, the bevel 
gear is the face gear, and thus generally known as the face gear transmission. 

 
Fig. 1. Face gear transmission 

Face gears have the advantages of low vibration, low noise, high load-bearing capacity and 
simple structure [1-5]. In the ART program jointly carried out by the US. military and NASA in 
the 1990s, a new helicopter main gear using face gears for split-torsion transmission was designed, 
and face gears were used as the mechanism for split-torsion transmission in the main gear [6]. As 
shown in Fig. 2, the power output from the engine is shunted to two face gears by a cylindrical 
gear to realize the split-torsion transmission. Compared with the traditional helicopter main gear 
using bevel gear as the split-torsion transmission mechanism, the split-torsion transmission 
mechanism with face gear has a simple support structure and a weight reduction of about 40 %, 
and its power shunting effect is better, with less vibration and lower noise, which has obvious 
advantages over the bevel gear split-torsion transmission. 

https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2022.22289&domain=pdf&date_stamp=2022-06-30
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Fig. 2. Helicopter main gearbox with face gear split-torsion drive 

The current study of the dynamics of face gearing systems mainly uses the centralized 
parameter method [7-10],establishment of a bending-torsional coupled nonlinear dynamics model 
for an orthogonal gear train with time-varying meshing stiffness, meshing damping, tooth surface 
error, tooth surface friction, tooth side clearance, bearing clearance and other factors [11-15], 
solving the system of kinetic differential equations using the Runge-Kutta method, obtain the 
nonlinear vibration characteristics of the system and the influence of various parameters on the 
dynamic characteristics of the system, the swing of the two gears around their center of mass is 
not considered in the model [16-20]. In this paper, the dynamics of the face gear transmission 
system is modeled considering the gyroscopic effect. The influence of various parameters on the 
vibration of various degrees of freedom in face gear transmission system is analyzed, the model 
built is closer to the actual vibration of the face gear drive.  

High speed is a trend of modern rotating machinery, and in the case of high speed, the 
gyroscopic effect cannot be ignored [21]. The gyroscopic effect is a physical phenomenon that 
occurs when the orientation of the symmetry axis of the rotor changes in high-speed rotating 
machinery. When the symmetry axis of the rotor is forced to change its orientation in space, that 
is, when the symmetry axis is forced to move, the rotor must act on the bearing an additional force 
couple, this phenomenon is the gyroscopic effect. The gyroscopic effect affects both the critical 
speed and stability of the rotor. To ensure safe and reliable operation of the machinery, it is 
necessary to consider the effect of the gyroscopic effect on rotor vibration [22]. The face gears 
studied in this paper are orthogonal face gears, and the face gears mentioned below all refer to 
orthogonal face gears. 

2. System dynamics modeling 

By using centralized parameters, the dynamic model of the orthogonal gear transmission 
system considering the gyro effect is established as shown in Fig. 3. The inertial coordinate system 𝑜-𝑥𝑦𝑧 belongs to the right-handed spiral coordinate system. When the gear is in a stationary state, 
the coordinate axis 𝑜𝑦 is parallel to the rotation axis of the driving straight cylindrical gear 2, and 
the coordinate axis 𝑜𝑧 is parallel to the rotation axis of the driven surface gear 1. Face gears and 
straight cylindrical gears are regarded as concentrated masses. The supports at both ends of the 
two gears are treated as elastic supports, and their support forms are treated as massless springs 
and dampers. 

In order to study the dynamic characteristics of the orthogonal face gear transmission system, 
the dynamic coordinate systems 𝑜 -𝑥 𝑦 𝑧  and 𝑜 -𝑥 𝑦 𝑧  fixedly connected with the face gear 
and the straight cylindrical gear were established respectively, the coordinate origin 𝑜  and 𝑜  of 
the two-movement coordinate system are respectively at the center of mass of the face gear and 
the straight cylindrical gear. When the two gears are at rest, the coordinate axes of the moving 
coordinate system are parallel to the corresponding coordinate axes of the inertial coordinate 
system 𝑜-𝑥𝑦𝑧 which is: 
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𝑜𝑥||𝑜 𝑥 , 𝑜𝑦||𝑜 𝑦 , 𝑜𝑧||𝑜 𝑧 ,𝑜𝑥||𝑜 𝑥 , 𝑜𝑦||𝑜 𝑦 , 𝑜𝑧||𝑜 𝑧 . 

 
Fig. 3. Dynamic model of face gear transmission system 

During the transmission of the face gear, the load on the face gear 1 can be decomposed into 
the axial component force parallel to the 𝑜 𝑧  axis and the tangential component force parallel to 
the 𝑜 𝑥  axis. Therefore, the center of mass o1 of the face gear 1 can freely vibrate in a plane 
parallel to the coordinate plane 𝑜𝑥𝑧, and can rotate on a fixed axis relative to the center of mass 𝑜 , so the face gear 1 has two translational degrees of freedom and three rotational degrees of 
freedom. The force analysis of the face gear 1 is carried out. It is subjected to the reaction force �⃗�  and the reaction moment �⃗�  of the shaft 1, and the reaction force �⃗�  and the reaction moment �⃗�  of the straight cylindrical gear 2 to the face gear 1 (ignoring the friction between the tooth 
surfaces). According to the momentum theorem of the center of mass and the momentum moment 
theorem around the center of mass 𝑜 , we get: 

𝑚 𝑑 𝑟𝑑𝑡 �⃑� �⃑� , (1)𝐽 ⋅ 𝑑�⃑�𝑑𝑡 �⃑� 𝐽 ⋅ �⃑� �⃑� �⃑� . (2)

where 𝑚  is the mass of the face gear 1; 𝑟  is the vector diameter of the face gear 1 center of 
mass with respect to the origin o of the inertial coordinate system, and its projection expression in 
the inertial coordinate system is 𝑥 ,𝑦 , 𝑧 ; 𝐽  is the inertia tensor of the face gear with respect 
to the dynamic coordinate system 𝑜 -𝑥 𝑦 𝑧 , and its inertia matrix expression in the dynamic 
coordinate system 𝑜 -𝑥 𝑦 𝑧 , considering the symmetry of the gear, is: 

𝐽 𝐽 0 00 𝐽 00 0 𝐽 , (3)

where �⃑�  is the angular velocity of the face gear 1, which is also the angular velocity of the 
dynamic coordinate system 𝑜 -𝑥 𝑦 𝑧  with respect to the inertial coordinate system 𝑜-𝑥𝑦𝑧, and 
its component expression in the dynamic coordinate system is 𝜔 ,𝜔 ,𝜔 . The reaction 
moment �⃑�  is the moment of the reaction force �⃑�  on the center of mass 𝑜 . 

The expressions for the components of �⃑�  and �⃑�  in the inertial coordinate system are: 
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�⃑� = 𝐹 ,𝐹 ,𝐹 , (4)�⃑� = 𝐹 ,𝐹 ,𝐹 . (5)

The expressions for the components of �⃑�  and �⃑�  in the dynamic coordinate system  𝑜 -𝑥 𝑦 𝑧  are: �⃑� = 𝑀 ,𝑀 ,𝑀 , (6)�⃑� = 𝑀 ,𝑀 ,𝑀 . (7)

Rewriting Eqs. (1) and (2) into scalar form, the kinematic equation of the face gear 1 is 
obtained as: 

𝑚 𝑑 𝑥𝑑𝑡 = 𝐹 + 𝐹 , (8)𝑚 𝑑 𝑧𝑑𝑡 = 𝐹 + 𝐹 , (9)𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 , (10)𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 , (11)𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 . (12)

Using the Eulerian parameter 𝜆 , 𝜆 , 𝜆 , 𝜆  to describe the orientation of face gear 1 with 
respect to the inertial coordinate system, the kinematic equation of face gear 1 is: 

⎩⎪⎨
⎪⎧2𝜆 = −𝜔 𝜆 − 𝜔 𝜆 − 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 + 𝜔 𝜆 − 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 − 𝜔 𝜆 + 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 + 𝜔 𝜆 − 𝜔 𝜆 .  (13)

The directional cosine matrix can be conveniently represented using Eulerian parameters: 

𝐴( , ) = 2 (𝜆 ) + (𝜆 ) − 1 2(𝜆 𝜆 + 𝜆 𝜆 ) 2(𝜆 𝜆 − 𝜆 𝜆 )2(𝜆 𝜆 − 𝜆 𝜆 ) 2 (𝜆 ) + (𝜆 ) − 1 2(𝜆 𝜆 + 𝜆 𝜆 )2(𝜆 𝜆 + 𝜆 𝜆 ) 2(𝜆 𝜆 − 𝜆 𝜆 ) 2 (𝜆 ) + (𝜆 ) − 1 . (14)

A similar equation is obtained by the same analysis of straight cylindrical gear 2, 
corresponding to Eqs. (1) and (2): 

𝑚 𝑑 𝑟𝑑𝑡 = �⃑� − �⃑� , 𝐽 ⋅ 𝑑�⃑�𝑑𝑡 + �⃑� × 𝐽 ⋅ �⃑� = �⃑� + �⃑� . 
Corresponding to Eqs. (8-12), there are: 

𝑚 𝑑 𝑥𝑑𝑡 = 𝐹 − 𝐹 , 𝑚 𝑑 𝑦𝑑𝑡 = 𝐹 − 𝐹 , 𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 , 
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𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 , 𝐽 𝜔 + 𝐽 − 𝐽 𝜔 𝜔 = 𝑀 + 𝑀 . 
Corresponding to Eq. (13), there are: 

⎩⎪⎨
⎪⎧2𝜆 = −𝜔 𝜆 − 𝜔 𝜆 − 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 + 𝜔 𝜆 − 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 − 𝜔 𝜆 + 𝜔 𝜆 ,2𝜆 = 𝜔 𝜆 + 𝜔 𝜆 − 𝜔 𝜆 .  

Corresponding to Eq. (14), there are: 

𝐴( , ) = 2 (𝜆 ) + (𝜆 ) − 1 2(𝜆 𝜆 + 𝜆 𝜆 ) 2(𝜆 𝜆 − 𝜆 𝜆 )2(𝜆 𝜆 − 𝜆 𝜆 ) 2 (𝜆 ) + (𝜆 ) − 1 2(𝜆 𝜆 + 𝜆 𝜆 )2(𝜆 𝜆 + 𝜆 𝜆 ) 2(𝜆 𝜆 − 𝜆 𝜆 ) 2 (𝜆 ) + (𝜆 ) − 1 . 
3. Analytical calculation of �⃑�𝒆𝟏, �⃑�𝒆𝟏, �⃑�𝒆𝟐 and �⃑�𝒆𝟐 �⃑�  is caused by the elastic bending of the face gear shaft 1, and in the case of very small 
bending deformation, its value can be found by the following relation: 𝐹 = −𝑘 𝑥 ,     𝐹 = −𝑘 𝑧 . (15)

where 𝑘  is a constant coefficient. If the effect of damping is considered, Eq. (15) can be changed 
to: 𝐹 = −𝑘 𝑥 − 𝑓 𝑥 ,     𝐹 = −𝑘 𝑧 − 𝑓 𝑧 . (16)

where 𝑓  is the damping coefficient, which is a function of 𝑥  or 𝑧 , and the function 𝑓  can be 
expressed by a polynomial: 𝑓 = 𝑑 ⋅ 𝑥 + 𝑑 ⋅ (𝑥) + 𝑑 ⋅ (𝑥) +⋅⋅⋅. (17)

where 𝑑 , 𝑑  and 𝑑  are constants. �⃑�  consists of two parts. The first part is the driving torque transmitted from the face gear 
shaft 1 to the face gear. Its expression in the dynamic coordinate system 𝑜 -𝑥 𝑦 𝑧  is: �⃑� (1) = (0 𝑇 0). (18)

The second part is the reaction moment caused by the bending of the face gear shaft 1. When 
the bending deformation is small, the expression of the second part of �⃑�  is: �⃑� (2) = 𝑐 𝛾 , (19)

where 𝑐  is a constant and 𝛾  is the angle representing the amount of bending deformation, which 
can be obtained by the following formula: cos𝛾 = 𝐴( , )(2,2). (20)

where 𝐴( , ) represents the direction cosine matrix of the dynamic coordinate system relative to 
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the inertial coordinate system. To find the direction of the moment, write 𝐴( , )(2,1) and 𝐴( , )(2,3) in plural form: 𝐴( , )(2,1) + 𝑖𝐴( , )(2,3). (21)

Then multiplying Eq. (21) by the complex number 𝑒 = 𝑖, we have: −𝐴( , )(2,3) + 𝑖𝐴( , )(2,1). (22)

Finally, the expression of the second part of �⃑�  in the moving coordinate system 𝑜 -𝑥 𝑦 𝑧  
is: �⃑� (2) = 𝑐 𝛾𝐴( , )(2,3) + 𝐴( , )(2,1) (−𝐴( , )(2,3) 0 𝐴( , )(2,1)). 

(23)

When 𝐴( , )(2,3) + 𝐴( , )(2,1) = 0, Eq. (23) does not hold, and �⃑� (2) = 0 at this 
time. 

For straight cylindrical gear 2, a similar analysis can be carried out, corresponding to  
Eqs. (15-17), we have: 𝐹 = −𝑘 𝑥 ,     𝐹 = −𝑘 𝑦 , 𝐹 = −𝑘 𝑥 − 𝑓 𝑥 ,      𝐹 = −𝑘 𝑦 − 𝑓 𝑦 , 𝑓 = 𝑑 ⋅ 𝑥 + 𝑑 ⋅ (𝑥) + 𝑑 ⋅ (𝑥) +⋅⋅⋅. 

Corresponding to Eqs. (18) and (23), we have �⃑� (1) = (0 0 𝑇 ), �⃑� (2) = 𝑐 𝛾𝐴( , )(3,2) + 𝐴( , )(3,1) (𝐴( , )(3,2) −𝐴( , )(3,1) 0), 
where 𝑇  is the load torque of the straight cylindrical gear shaft 2 acting on the straight cylindrical 
gear. The 𝐴( , ) represents the direction cosine matrix of the dynamic coordinate system 2 relative 
to the inertial coordinate system. 

3.1. Calculation of �⃑�𝒏, �⃑�𝒏𝟏  and �⃑�𝒏𝟐 �⃑�  is the meshing force between face gear 1 and straight cylindrical gear 2, and its 
mathematical model is: �⃑� = 𝐹 = tan 𝑘 (𝑡) ⋅ 𝑓(Δ) + 𝑑 Δ. (24)

where 𝑘 (𝑡) is the time-varying meshing stiffness; 𝑑  is the meshing damping; Δ is the relative 
displacement along the meshing line; 𝑓(Δ) is the clearance function, and its expression is: 

𝑓(Δ) = Δ − 𝑏 , Δ > 𝑏 ,0, |Δ| ≤ 𝑏 ,Δ + 𝑏 , Δ < −𝑏 , (25)
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where 𝑏  is half of the average normal mesh clearance of gear pair. 
The expression of the time-varying meshing stiffness 𝑘 (𝑡) can be approximated as: 𝑘 (𝑡) = 𝑘 + 𝐴 sin(𝜔 𝑡 + 𝜑 ), (26)

where 𝑘  is the average meshing stiffness; 𝐴  is the vibration amplitude of the meshing stiffness; 𝜔  is the meshing angular frequency; 𝜑  is the initial phase of the engagement stiffness, usually 
zero. 

The expression for the relative displacement Δ(𝑡) along the direction of the engagement line 
is: Δ(𝑡) = 𝑥 (𝑡) + 𝑟 𝜃 (𝑡) cos𝛼 + 𝑧 (𝑡)sin𝛼 − 𝑥 (𝑡) + 𝑟 𝜃 (𝑡) cos𝛼 − 𝑒 (𝑡), (27)

where 𝑟  is the base circle radius of the straight cylindrical gear; 𝑟  is the meshing radius of the 
face gear; 𝛼  is the meshing angle of the gear pair; 𝑒 (𝑡) is the comprehensive transmission error 
of the gear pair, and its expression is: 𝑒 (𝑡) = 𝑒 + 𝐴 sin(𝜔 𝑡 + 𝜑 ), (28)

where 𝑒  is the average comprehensive error; 𝐴  is the fluctuation amplitude of the 
comprehensive error; 𝜑  is the initial phase of the comprehensive error; 𝜃  and 𝜃  are the angles 
of rotation of axis 1 and axis 2 respectively, the expression is: 

𝜃 (𝑡) = 𝜔 (𝑡)𝑑𝑡, (29)𝜃 (𝑡) = 𝜔 (𝑡)𝑑𝑡. (30)

The magnitude of the meshing force �⃑�  is analyzed above, and the unit vector of its direction 
is denoted as �⃑� .In the actual meshing transmission process of the face gear, the direction of the 
meshing point 𝑝 and the meshing line are complex functions that change with time. To facilitate 
the analysis of its dynamics, assume that the point of engagement 𝑝 and the direction of the line 
of engagement do not change with time. Then the expression of the unit vector �⃑�  in the inertial 
coordinate system is: �⃑� = (−cos𝛼 0 sin𝛼 ). (31)

The components of vectors 𝑜 �⃗� and 𝑜 �⃗� in the moving coordinate system 𝑜 -𝑥 𝑦 𝑧  and  𝑜 -𝑥 𝑦 𝑧  are expressed as: 𝑜 �⃗� = (0 0 −𝑟 ), (32)𝑜 �⃗� = (0 𝑟 0). (33)

According to the definition of torque, the expressions of �⃑�  and �⃑�  are respectively: �⃑� = 𝑜 �⃗� × �⃑� , (34)�⃑� = 𝑜 �⃗� × −�⃑� . (35)

4. System dynamics analysis 

The above dynamic equations are solved using Euler’s single-step method [23], and the 
nonlinear dynamic vibration characteristics of the face gear transmission system considering the 
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gyro effect are analyzed. When solving, the parameters of the face gear transmission system are 
shown in Table 1. The support stiffness and damping in the table are selected from references [24] 
and [25]. 

Table 1. Parameter table of face gear transmission system 
Symbol Quantity Numerical value 𝑧  Number of face gear teeth 120 𝑧  Number of cylindrical gear teeth 40 𝑚 Gear module 3 mm 𝛼  Pressure angle 25° ℎ Tooth width 25 mm 𝑝 Input power 10 Kw 𝑚  Quality of straight cylindrical gear 2.65 kg 𝑚  Quality of face gear 7.72 kg 𝑘  Face gear support stiffness 5×109 N/m 𝑘  Straight cylindrical gear support stiffness 4×109 N/m 𝑐  Face gear support damping 4×105 N·s·m-1 𝑐  Straight cylindrical gear support damping 3×105 N·s·m-1 𝑘  Average meshing stiffness 3×108 N/m 𝑐  Engagement damping 1×105 N·s·m-1 𝑛 Input speed 3000 r/min 

 

 
a) Vibration displacement in 𝑥-axis direction  

of cylindrical gear 

 
b) Vibration displacement in 𝑥-axis direction  

of face gear  
Fig. 4. Vibration displacement along 𝑥-axis direction 

It can be seen from Fig. 4 that the vibration displacement of the face gear is about 1/3 larger 
than the vibration displacement of the straight cylindrical gear. Because the cylindrical gear in the 
model has a smaller bending moment and smaller deformation, the calculation results are in line 
with engineering reality. Comparing the vibration displacement in the 𝑥-axis and 𝑧-axis directions 
of the face gear in Figs. 4 and 5, the vibration displacement in the 𝑧-axis direction of the face gear 
is smaller than the vibration displacement in the 𝑥-axis direction, this is because the component 
force of the meshing force in the x-axis direction is small, and the calculation result is consistent 
with the force analysis result. 

According to the analysis in Fig. 6, it can be seen that the vibration speed period of the 𝑥-axis 
and 𝑧-axis of the face gear is the same. However, the vibration velocity in the 𝑥-axis direction is 
greater than that in the 𝑧-axis direction, which is consistent with the vibration displacement 
analysis results of Figs. 4 and 5.Fig. 7 shows the vibration velocity of the cylindrical gear in the 𝑥-axis and 𝑦-axis directions, the vibration velocity in the 𝑥-axis direction of the cylindrical gear 
and the vibration velocity in the 𝑥-axis direction of the face gear in Fig. 6 are both periodic 
vibrations, the vibration speed in the 𝑦-axis direction is a straight line. This is due to the 
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transmission characteristics of the face gear. The face gear and the cylindrical gear are not stressed 
in the y-axis direction, so no vibration will occur. 

 
Fig. 5. Vibration displacement in the 𝑧-axis direction of the face gear 

 
a) Vibration speed in 𝑥-axis direction of face gear 

 
b) Vibration speed in 𝑧-axis direction of face gear 

Fig. 6. Vibration speed of face gear in 𝑥-axis and 𝑧-axis directions 

 
a) Vibration speed in 𝑥-axis direction  

of cylindrical gear 

 
b) Vibration speed in 𝑦-axis direction  

of cylindrical gear 
Fig. 7. Vibration speed in the 𝑥-axis and 𝑦-axis directions of the cylindrical gear 

Fig. 8 shows the vibration acceleration of the straight cylindrical gear in the 𝑥-axis and 𝑦-axis 
directions. Since the straight cylindrical gear does not vibrate in the 𝑦-axis direction, its vibration 
acceleration is 0, and the period of the vibration velocity is the same as that in Fig. 7. Figs. 9 and 
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10 are the angular velocity and angular acceleration of the torsional vibration of the center of mass 
of the face gear and the straight cylindrical gear around the 𝑦-axis. Since the gear ratio of the face 
gear and the straight cylindrical gear is 3, the calculation result has a period ratio of 3, which is 
consistent with the actual result. 

 
a) Vibration acceleration in 𝑥-axis direction  

of cylindrical gear 

 
b) Vibration acceleration in 𝑦-axis direction  

of cylindrical gear 
Fig. 8. Vibration acceleration in the 𝑥-axis and 𝑦-axis directions of the cylindrical gear 

 
a) Angular velocity of face gear vibration  

around 𝑦-axis 

 
b) Angular acceleration of face gear vibration 

around 𝑦-axis 
Fig. 9. Angular velocity and angular acceleration of face gear vibrating around the 𝑦-axis 

 
a) Angular velocity of cylindrical  

gear vibrating around 𝑦-axis 
b) Angular acceleration of cylindrical  

gear vibration around 𝑦-axis 
Fig. 10. Angular velocity and angular acceleration of cylindrical gear vibrating around the 𝑦-axis 
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a) Face gear drive plane phase diagram 

 
b) Cylindrical gear drive plane phase diagram 

Fig. 11. Plane phase diagram of the vibration of the face gear transmission system 

Fig. 11 is a plane phase diagram of the x-coordinate of the center of mass of the face gear 
transmission system. The 𝑥-coordinates of the straight cylindrical gear and the face gear have a 
large change when starting, but tend to be stable after stable operation, which is consistent with 
engineering practice. 

According to the above vibration characteristics of the face gear obtained by numerical 
analysis considering the gyroscopic effect, compared with the results of the vibration 
characteristics of the face gear without considering the gyroscopic effect in the literature [25-27], 
it can be seen that the vibration displacement, vibration velocity, and vibration angular velocity 
are relatively small in the face gear drive with high speed. According to the plane phase diagram 
of the center of mass, it can be seen that the face gear and the cylindrical gear gradually stabilize 
within a relatively small vibration displacement. Therefore, it is necessary to consider gyroscopic 
effects in high speed face gear drives. 

5. Conclusions 

Establish a dynamic model of the orthogonal face gear transmission system. The gyro effect 
of the gear around its center of mass during the face gear transmission is considered in the model. 
It also includes time-varying meshing stiffness, tooth surface error, support stiffness, support 
damping and other factors, which can more comprehensively describe the vibration characteristics 
of face gear transmission. 

Adopt Euler parameter method to establish the nonlinear dynamic equation of the face gear 
transmission system considering the gyro effect and solve it to obtain the dynamic response 
characteristics of the face gear transmission system. 

The vibration characteristics of the face gear transmission system are more complicated, and 
it is very important for the high-speed and heavy-duty helicopter transmission system. Therefore, 
it is particularly important to establish a dynamic model that can better reflect the real working 
conditions, and it has important theoretical guiding significance for improving the stability, 
service life and the vibration and noise reduction of the system. 
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