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Abstract: By single-gear pair contact analysis, this paper, based on the Hertz theory, gets the mesh density of 
finite element solver in convergence case and then studies contact spots with multi-gear pairs. Through 
simulation analysis, this paper studies the face gear transmission error in different conditions, and this paper 
studies the face gear transmission error in different conditions. Then come to a conclusion that: In a set of three 
different load cases, the greater the torque load is applied to the face gear, the greater the transmission error 
there is, but the speed of face gear almost has no effect on the gear transmission error. When the face gear is 
installed with shaft angle of 0.02°, its transmission error magnitude will be 2.0~2.3 times bigger compared with 
installed without any error. The study can provide guidance for the design, production and practical application 
of the face gear. Copyright © 2013 IFSA. 
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1. Introduction 

 

The tooth contact and transmission errors of face 
gear are related to the vibration, noise and 
transmission precision of face gear’s transmission 
process. Because face gear is becoming more and 
more important in the use of aviation industry and 
precision mechanical transmission in recent years, 
face gear with quality of low noise, small vibration, 
stable transmission and high transmission precision is 
widely required. So the research of the tooth contact 
and transmission error has very important 
significance. 

Many scholars have done a lot of study about face 
gear. Claudio Zanzi [1] modified the profile of the 
pinion of face gear pair and did the analysis of tooth 
contact and tooth root bending stress. Litvin [2] 
studied the face gear contact stress and bending stress 
by finite element method. The experts of face gear 
are mainly focused on face gear processing, 

modification, surface contact stress and face gear 
strength. But they haven’t studied tooth contact and 
transmission errors of face gear deeply. This paper 
studies contact sport’s coordinates of face gear and 
its realization of visualization through comparing the 
theory and finite element simulation, gear 
transmission error under standard installation in 
different working conditions, but also studies the 
transmission error of face gear in different coaxial 
angle installation error. This paper provides guidance 
for face gear design, noise reduction etc. So the study 
of this paper has practical significance 

 
 

2. Mathematical Modeling and Working 
Load of Orthogonal Face Gear 

 

The tooth working area of face gear is 
generated by involute tooth profile of the cylindrical 
gear slotting tool. Transition curved surface is 
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generated by the top edge of Slotting tool. Tooth 
fillet of face gear is decided by the tip structure of 
slotting knife. Tooth surface equation of face gear [5] 
is as (1) shows: 
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(1) 
 
Because two tooth surface of a face gear tooth are 

symmetrical about surface yoz, so when change the 
sign of s , the mathematical model of the other side 

of the face gear tooth can be got. The equation is as 
(2) shows: 

 

bs 2 s bs 2 s

bs s2 2

bs 2 s bs 2 s

bs s2 2

bs s2
bs s

r cos cos (cos sin ) r sin (sin cos )

r (i cos )cos

cosx

y r sin cos (cos sin ) r cos (sin cos )

z r (i cos )sin

cos

r (i cos )
r sin (cos sin )

   



   



 

        

 


        

 



   

  




 
      
   




 

cos

sin cos 


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

(2) 
 
In the above formulas (1), (2), x, y, z are 

coordinate points of the tooth surface, bsr  is the 

tools’ radius of base circle, 2  is turned angle of the 

face gear, r = 90°, s2i  is the transmission ratio of the 

face gear and the tool, s  is turned angle of the tool, 

s0  is the angle between tool tank symmetrical line 

and involute starting point, s  is the angle between 

involute starting point and generating line, and 

s s s0        

Using the software of MATLAB calculates tooth 
surface discrete coordinate data of face gear and put 
the data into Pro/E to get the figure of tooth surface 
distribution points. It is shown in the following   
Fig. 1.  

Because the data of points is obtained from the 
tooth surface equation, so the graphics can well 
reflect the tooth surface profile of face gear. By using 
Pro/E, connect points into lines, process lines into 
surfaces, and finally get single tooth model of face 
gear through substantiated operation. Use Pro/E 
software to model the involute spur pinion, and 
assemble face gear with Involute cylindrical pinion 
through Pro/E software, Specific assembly model are 
as shown in Fig. 2. 

 
 

Fig. 1.Tooth surface discrete points of face gear. 
 
 

 
 

Fig. 2. Assembly drawing of face gear. 
 
 

Using simulation technology to study face gear 
transmission error, we apply the speed of: 100 r/min, 
200 r/min, 400 r/min to the pinion, and apply the 
resistance moment of: light load: 5E5 n mm   

 
 

 
 

Fig. 3. Loading curve. 
 
 

In Fig. 3, abscissa refers to the loading time 
which unit is seconds, ordinate refers to the speed of 
active pinion or the torque applied to large gear. As 
the graph shows that, from 0 s to 0.01 s [6], loadings 
linearly increase, after 0.01 s loadings reach 
maximum and remain unchanged. Considering the 
solving characteristics of the software ABAQUS, we 
choose such a method to apply loads to avoid the 
non-convergence problems caused by applying loads 
too large at first. Through changing the speed of 
pinion and the torque applied to large gear, this paper 
studies the transmission error when the speed of the 
pinion is 200 r/min, the resistance moment of large 
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gear is different, and when pinion is in the above 
three different speeds, the resistance moment of large 
gear is the same. The basic parameters of orthogonal 
face gear are shown in Table 1. Because the contact 

spots can reflect the face gear’s loading capacity and 
transmission accuracy, it is necessary to study the 
contact spots of face gear before the study of its 
transmission error. 

 
 

Table 1. Transmission parameters of orthogonal face gear. 
 

Name 
Number 
of teeth  

Width 
(mm) 

Pressure 
Angle ( °) 

Modulus 
(mm) 

Inner 
diameter 

(mm) 

External 
diameter 

(mm) 

Shaft Angle 
( °) 

Gearblank 
thickness 

(mm) 

Face gear 160 89 25 6.35 471 560 90 40 

Pinion 25 90 25 6.35 —— —— 90 —— 
 
 
3. Study of Face Gear Contact Spots 

 
According to the principle of tooth contact 

analysis (TCA), two gears are continuous tangential 
contact in gear meshing transmission. So in the fixed 
coordinates system of two gear tooth surfaces, the 
two surfaces have public contact points in random 
moment. Because they have common normal line at 
contacting point, solving simultaneous equations of 
two gear tooth surface can get one of the basic 
equations of the tooth contact analysis: 
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(3) 

 
In the equations, Superscript "1" and "2" 

separately refer to cylindrical pinion and face gear, 
the subscript means that each vector is in the same 
coordinate. hS , a1 b1( , )   and a2 b2( , )   refer 

to the tooth surface coordinates equation of cylindrical 
pinion and face gear, 1  and 2  mean the angle 

turned by the drive gear (pinion) and driven gear 
(face gear) which both meet the requirements of the 

transmission ratio. Because of ( d ) ( d )
1 2n n 1  

, 

Equations (2) can be divided into five scalar 
equations. A coordinates of contact point of two gear 
tooth surfaces can be got with fixed value of 1 . Then 

use a certain step length to change the value of 1 . 

Use these values to do an iterative solution until the 
coordinates of contact point exceed the efficient 
frontier of face gear’s tooth height. These 
instantaneous contact points of tooth surface form the 
face gear’s contact path. In the actual bearing case, 
tooth surface of face gear has a certain degree of 
elastic deformation. At each contact point, we can get 
the value of instantaneous contact ellipse’s short 
semi-shaft and long semi-shaft. The series of contact 
ellipse imprints form the tooth surface contact area of 
face gear. By coordinate transformation of the tooth 
surface contact equation, we can get three coordinate 
component formulas of face gear’s tooth surface 
contact trajectory. These formulas are listed below 
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(4) 

 

Assume that angle '
2  is a known parameter. So 

that, giving a fixed angle '
2 , a group of coordinate 

data can be got. In this way, we can get a contact 
point. Use a certain step length to change the value of 

'
2 . Then we can work out a series of tooth contact 

points of face gear. According to the formulas and 
using software MATLAB, We can get the coordinate 
values of contact trajectory [4]. As is show in   
Table 2. 
 
 
Table2. Contact trajectory coordinates component (mm). 

 
x y z 

9.7622 -497.8976 -85.649 
8.8386 -497.7834 -83.6832 
7.9181 -497.7032 -81.7174 
7.3056 -497.6686 -80.4069 
6.0825 -497.6447 -77.7858 
4.8604 -497.6813 -75.1647 
3.6374 -497.7784 -72.5437 
2.4116 -497.9359 -69.9226 
1.1811 -498.1538 -67.3015 
0.254 -498.3568 -65.3357 

-0.3665 -498.5109 -64.0252 
-0.9893 -498.68 -62.7147 
-1.6146 -498.8641 -61.4041 
-2.2425 -499.0632 -60.0936 

 
 
According to Table 2, use software MATLAB to 

display the coordinate values of tooth surface contact 
points in the tooth surface. Specific is shown in the 
following Fig. 4. 

According to the L. L ITVIN’s book [7], which 
puts forward the contact ellipse, as is shown in the 
following Fig. 5. 
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Fig. 4. Contact trajectory. 
 
 

2a



e
(2)e


(1)

 
 

Fig. 5. Contact ellipse. 
 
 

We can get the length of two half shafts a and b, 
which are in face gear meshing area. 

1/2
2

a

a
k


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,  

1/2
2

b

b
k




, 

(5) 

 
where  is the total indentation of the gear contact. 
Because it is single tooth contact, the load 
distribution factor is approximated as 1[8] in this 
paper. To get contact spots, the theoretical calculation 
of torque is calculated by the following formulas (6) 
and (7) in the condition that the speed of pinion is 
300 r/min and the power of the pinion is 1100 kW. 
 

P
T


  (6) 

 
2

60

n   (7) 

 
In the above formulas, n is speed of the pinion,  

is the angular velocity, P is power. After solving the 
formulas, the value of torque is 350.14 n m . 

a bk , k  are induced normal curvature of long and 

short half shaft direction in the meshing area. Get the 
direction of principal curvatures in the tooth surface 
contact area and the length of short semi-shaft and 
long semi-shaft. Then the shape of contact ellipse can 
be got. Use software MATLAB to apply a torque of 
350.14 n m  to the pinion. According to the 
coordinate trajectory of tooth surface’s contact spots 
in face gear, we can get the coordinate points of 
contact ellipse’s short semi-shaft and long semi-shaft 
specific is shown in Table 3. Using software 
MATLAB can draw the face gear’s contact trajectory, 
which shown in Fig. 6.  

 
 

Table 3. Coordinates of contact points and the length of long and short shaft. 
 

x y z A b 
7.3056 -497.6686  -80.4069 6.6208  0.5917 
6.0825 -497.6447  -77.7858 6.6140  0.4881 
4.8604 -497.6813  -75.1647 6.6059  0.4573 
3.6374 -497.7784  -72.5437 6.5923  0.4150 
2.4116 -497.9359  -69.9226 6.5892  0.4031 
1.1811 -498.1538  -67.3015 6.5567  0.3717 
0.2540  -498.3568  -65.3357 6.5446  0.3452 

 

 
 

Fig. 6. Contact area of face gear. 



Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 222-231 

 226 

The above conclusion is only considering the 
contact of a pair of tooth. Theoretically get the 
contact spots and the contact trajectory of face gear. 
Comparing the theoretical results, use finite element 
analysis software ANSYS WORKBENCH to analysis 
single tooth's static contact of face gear pair. 
Simulation materials for big wheel and pinion are 
structural steel. Simulation boundary condition is to 
constraint gearwheel’s all degrees of freedom, and 
give the pinion a certain torque.  

Based on the Hertz theory [3], the simulation 
results converge, when contact surface grid reach 0.2 
mm. Under the action of torque, the pinion’s each 

tooth turns an angle of 360/z in a circle, which means 
the turned angle of each tooth is 14°. Change the 
pinion 2° each time, so that we can simulate the 
whole process of dynamic meshing. 

In the whole meshing process of the pinion, we 
study one of its teeth by the simulation. And for the 
face gear, the contact stress of tooth surface on one 
sides shown in Fig. 7. 

Approximately, put the four contact trajectories 
shown above on one tooth surface. Then the 
distribution of contact lines of one tooth surface can 
be got, as is shown in Fig. 8. 

 
 

  
 

(a) Angle of 2°. 
 

 
(b) Angle of 6°. 

 

  
 

(c) Angle of 10. 
 

(d) Angle of 14. 
 

Fig. 7. Contact stress of tooth surface under different angles. 
 

 
 

Fig. 8. Contact trajectory distribution of the same tooth surface. 
 
 

Compare Fig. 6 and Fig. 8. Without considering 
the influence of gear contact ratio, the face gear’s 
contact spots are close to the small end-face and the 
tilt direction of contact line is from the small end-face 
to the large end-face when study a pair of tooth. 

Under actual working conditions, contact ratio 
should be considered. So it is necessary to study the 
tooth surface contact state of multi-tooth working 

condition when we study the face gear’s contact spots. 
Using the way of getting contact spots of single-tooth 
condition, we study the contact spots and contact path 
of multi-tooth condition in different angles. Specific 
is shown in following Fig. 9. 

Approximately, put the contact trajectories which 
are in different angles on one tooth surface. Specific 
is shown in the follow Fig. 10. 
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(a) Angle of the pinion: 2°. 
 

 
(b) Angle of the pinion: 6°. 

  
 

(c) Angle of the pinion: 10°. 
 

(d) Angle of the pinion: 14°. 
 

Fig. 9. Contact trajectory of tooth surface under different angles. 
 
 

 
 

Fig. 10. Contact trajectory of the same tooth surface. 
 
 

Compare Fig. 8 and Fig. 10. The contact ratio is 
considered in Fig. 10. So the trend of contact line 
trajectory becomes long gradually then becomes 
shorter, which is more accord with the actual 
meshing process of face gear. 

Study on visualization of face gear’s theoretical 
contact spots and face gear’s contact areas after its 
elastic deformation by using software MATLAB. And 
use software to get the face gear’s contact areas of 
simulation. So the theory and simulation can get 
verified with each other. Through the study of the 
contact spots of face gear, may provide certain theory 
reference for face gear vibration, noise and 
transmission error.  
 
 

4. The Study of Face Gear Transmission 
Error 
 

The ideal gear transmission is conjugate. When 
involute pinion turns an angle, the face gear (driven 
gear) also turns a corresponding angle. These two 
angles have an inverse relationship with two gear 
tooth number. But actually because of the elastic 
deformation produced on face gear, the transmission 
ratio is changed in the loading analysis. When the 
pinion turns an angle, the deviation of large gear’s 
actual angle and theory angle can be described by the 
following formula (8): 

0 0
2 2 1 1 1 2( ) ( ) /z z         (8) 

 

In the above formula: 1 2,   are actual angle of the 

pinion and the large gear. 0 0
1 2,   are the initial 

position of two gears. 1

2

z
z

 is the theoretical 

transmission ratio of the gear pair.  
This paper uses dynamic implicit algorithm to 

study the angular displacement error of face gear 
with software ABAQUS. To achieve higher precision, 
all simulations are analyzed by using hexahedron 
element. Enlarged view of local grid is shown in 
following Fig. 11. 

 
 

 
 

Fig. 11. Model of face gear with mesh. 
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Based on Hertz theory, we study the tooth surface 
contact stress through refining mesh size of tooth 
surface from 1mm to 0.2 mm. In the process, the 
tooth surface contact stress gradually reaches the 
theoretical value, but the amount of calculation is 
increased accordingly. Considering the calculation 
precision and calculation time, we choose 0.2 mm to 
be the mesh size. Then we set the boundary 
conditions of simulation analysis. Set reference point 
in the pinion’s circle center and the large gear’s circle 
center respectively. Use the function of coupling to 
couple the reference point with the gear’s inner 
surfaces respectively. Apply the pinion’s speed to its 
reference point and apply the torque to the large 
gear’s reference point. Constrain the reference points’ 
degrees of freedom, release the pinion’s tangential 
degrees of freedom and release the large gear’s 
tangential degrees of freedom. Apply a speed of 
200r/min to the pinion and apply the resistance 
moment of: light load: 5E5 n mm , moderate load: 
3E6 n mm and heavy load: 6E6 n mm 	 to the large 
gear. The setting is shown in the following Fig. 12. 

 
 

 
 

Fig. 12. Boundary conditions of face gear. 
 
 

Apply the angular velocity on the reference point 
(RP1) of the pinion’s circle center and apply the 
torque on the reference point (RP2) of large gear’s 
circle center. Study the transmission error while keep 
the speed of the pinion unchangeable and change the 
resistance moment of the large gear. We can get the 
transmission error curves under different conditions. 
The curves are shown in the following Fig. 13. 
 
 

 
 

Fig. 13. Transmission error curves under different loads. 

From the Fig. 13 we can see that: the 
transmission error of face gear is small, the shape of 
error curves approximates to parabola, transmission 
error curves under three kinds of loads tend to be 
uniform, and the fluctuation range of the error curves 
becomes larger as the load is high. In the analysis 
process, we use the way, which is shown in Fig. 3 to 
load. So when the pinion’s angle turns from 0 to  
0.2 radian, the load applied to the face gear increases 
linearly. Because the load is not stable, there 
producibility of the curves before 0.2 radian is worse 
than the reproducibility after 0.2 radian. 

This paper studies the characteristic of face gear’s 
transmission error when we apply low speed:    
100 r/min, medium speed: 200 r/min, high speed:   
400 r/min to the pinion and apply the constant torque 
of 5E5 n m  to the large gear. The curves are shown 
in following Fig. 14. 
 
 

 
 

Fig. 14. Transmission error curves under different speeds. 
 
 

From the Fig. 14 we can see that: when the pinion 
is in different speeds, the shape of error curves 
approximates to parabola. The difference between 
error curves is very small. The absolute differences of 
adjacent peaks in the curves are all between 9.6E-5 
rad and 9.9E-5 rad. In transmission process, we can 
know that the change of drive gear's speed almost has 
no influence on face gear’s transmission error. In the 
analysis process, we use the way which is shown in 
Fig. 3 to load. So when the pinion’s angle turns from 
0 to 0.2 radian, the load applied to the face gear 
increases linearly. At this time, the fluctuation range 
of the error curves increases as the speed becomes 
higher and the characteristics of gear vibration are 
more obvious. When the pinion’s angle is greater 
than 0.2 radian, the load is constant and the 
transmission is stable. This study also explains that 
face gear pair is suitable for high speed transmission, 
its noise and vibration are small, and transmission is 
stable. 

Through simulation technology we study the 
tooth surface transmission error of the face gear with 
staggered shaft installation error [9]. The angles are  
γ = 0.02 °, γ = 0 ° and γ = + 0.02 °. Use software 
ABAQUS to respectively extract angle curve of the 



Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 222-231 

 229

large gear and pinion. Then according to formula (6), 
we get transmission error curves of the face gear 
under three different shaft angles. The curves are 
shown in the following Fig. 15. 
 
 

 
 

Fig. 15. Transmission errors curves  
under different shaft angles. 

 
 

Put the three transmission error curves together. 
Compare the fluctuation under the three different 
angles. The curve is shown in the following Fig. 16.  

 
 

 
 

Fig. 16. Comparing of transmission errors curves  
under different shaft angles. 

 
 

From the Fig. 16 we can see that when the face 
gear pair has installation error, the amplitude of 
transmission error increases obviously. The 
amplitude under the condition of having the 
installation error is 2.0 ~ 2.3 times bigger than the 
amplitude under the condition of standard installation. 
This accounts for that the vibration and noise will 
aggravate and the gear transmission precision will 
decline when the face gear works with installation 
error.  

When the gear pair has a positive installation 
error: γ = + 0.02, the instantaneous contact stress of 
face gear under different angles is shown in the 
following Fig. 17. 
 

 
 

(a) Angle of 2°. 
 

 
 

(b) Angle of 6°. 
 

 
 

(c) Angle of 10°.  
 

 
 

(d) Angle of 14°. 
 
Fig. 17. Instantaneous contact stress of face gear  

with positive installation error. 
 
 

Put the contact trajectories which are in different 
angles on one tooth surface. Specific is shown in the 
following Fig. 18. 
 
 

 
 

Fig. 18. Contact trajectory of the same tooth surface  
with positive installation error. 

 
 

Compare Fig. 10 and Fig. 18, we can see that 
when the pair has a positive installation error, the 
tooth contact position is moving to face gear's inner 
surface and the edge contact is easily happened to the 
tooth. So the gear vibration and transmission error are 
increased. 
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When the gear pair has a negative installation 
error: γ = 0.02, the instantaneous contact stress of 
face gear under different angles is shown in the 
following Fig. 19. 
 
 

 
 

(a) Angle of 2°. 
 

 
 

(b) Angle of 6°. 
 

 
 

(c) Angle of 10°. 
 

 
 

(d) Angle of 14°. 
 
Fig. 19. Instantaneous contact stress of face gear  

with negative installation error. 
 
 

When the pair has a negative installation error, we 
study the contact spots in the same tooth surface 
through simulation analysis. The trajectories are 
show in following Fig. 20. 
 
 

 
 

Fig. 20. Contact trajectory of the same tooth surface  
with negative installation error. 

 
 

The face gear contact trajectory moves from its 
inner diameter to outer diameter when the face gear 
has negative installation error. The tooth thickness of 
face gear is not uniform, so when the gear has 
negative installation error, the gear clearance near the 
outside part increases in the ocess of gear 
transmission, tooth collision becomes more severe 
and vibration and noise are more serious. 
 
 
5. Conclusion 

 
This paper uses MATLAB to calculate the theory 

discrete points of the tooth surface of face gear. 
Through software Pro/E, we get the 3D model of face 
gear. Work out the coordinates of gear contact points 
and realize the visualization of face gear contact 
trajectories by the calculation of contact ellipse. 
Using software ABAQUS, we work out the face 
gear’s transmission error curves and angular velocity 
error curves under different working conditions. And 
through simulation analysis, we get the transmission 
error curves of face gear with different shaft angle 
errors. This paper can provide a favorable reference 
for face gear design, processing and noise reduction.  

 
 

Acknowledgements 
 

The research work in this paper was supported by 
the National Natural Science Foundation of China 
under Grant No. 51075279, Key Disciplines 
Foundation No. J50503 and Key Scientific Research 
Innovation Foundation No. 102292 of Shanghai 
Municipal Education Committee. 

 
 

References 
 
[1]. Zanzi C., Pedrero J., Application of Modified 

Geometry of Face Gear Drive, Computer Method Sin 
Applied Mechanics and Engineering, 194005,     
pp. 3047-3066. 

[2]. Litvin F. L., Gonzalez-Perez I., Yukishima K., 
Fuentes A., Hayasaka K., Design, Simulation of 
Meshing, and Contact Stresses for an Improved 
Worm Gear Drive, Mechanism and Machine Theory, 
42, 2007, pp. 940-959. 

[3]. Tang J. Y. and Liu Y. P., Loaded Meshing 
Simulation of Face-gear Drive with Spur Involute 
Pinion Based on Finite Element Analysis, Journal of 
Mechanical Engineering, 48, 5, 2012, pp. 124-131. 

[4]. Wang Y. Z., Gong K., Wu C. H., Research on 
Contact Stress Calculation Methods of Face-gear for 
Aerospace Power Drives, Machine Tool and 
Hydraulics, 39, 21, 2011, pp. 1-4. 

[5]. Zhu R. P., The Meshing Characteristics of Face Gear 
Drives, Nanjing Aeronautics and Astronautics 
University, 2000. 

[6]. Cao J. F., Shi Y. P., The Problem of ABAQUS finite 
element analysis, Beijing Mechanical Industry Press, 
2009. 



Sensors & Transducers, Vol. 155, Issue 8, August 2013, pp. 222-231 

 231

[7]. Litvin F. L. and Fucntes A., Gear Geometry and 
Applied Theory, Second Edition, Cambridge 
University Press, New York, 2004. 

[8]. Wu X. H. and Shen Y. B., Computer Simulation 
Analysis for Flexural Strength of Face Gear with 
New Tooth Fillet Surface, Journal of Mechanical 
Transmission, 35, 4, 2011, pp. 36-39. 

[9]. Zhu R. P. and Li Z. M., The effect of assembly offset 
error on orthogonal face gear drive contact 
characteristics, Acta Aeronautica et Astronautica 
Sinica, 30, 7, 2009, pp. 1353-1359. 

[10]. Zhao N., Guo H., Fang Z. D., Wei B. Y., 
Modification and loaded contact analysis of spur face 

gears, Journal of Aerospace Power, 23, 11, 2008,  
pp. 2142-2146. 

[11]. Wang Y. Z., Xiao W., Zhang L., Tooth Surface 
Equations and Tooth Contact Analysis of Face Gear, 
Machine Tool and Hydraulics, 35, 12, 2007, pp. 7-9. 

[12]. Chen A. H., Luo S. M., Wang W. M., Guo Y. F., Liu 
D. S., Numerical Investigations on Dynamic 
Transmission Error and Stability of a Geared 
rotor-Bearing System, Chinese Journal of 
Mechanical Engineering, 4, 4, 2004, pp. 21-25. 

[13]. Zhu R. P. and Li Z. M., Research on Pointing of Face 
Gear by Enveloping Method, China Mechanical 
Engineering, 16, 1, 2008, pp. 27-31. 

 

___________________ 
 

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 

 

 

 

 

http://www.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensors_and_MEMS.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Smart_Sensors_and_MEMS.htm
http://www.sensorsportal.com/HTML/DIGEST/Submission.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


