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Abstract 
 
To obtain the change tendency of output angular velocity and tangential contact force of a gear when the pinion under the step input 

during meshing of a new type of spiral bevel gear, which is a logarithmic spiral bevel gear, the tooth flank equation of logarithmic spiral 
bevel gear is deduced based on the formation mechanism of the tooth flank formation. A three-dimensional model of a pair of logarith-
mic spiral bevel gears whose number of teeth was 37:9, with modules being 4.5 mm, normal pressure angle being 20 degrees and spiral 
angle being 35 degrees were built and assembled. Based on Hertz elastic contact theory, the calculation formulas and parameters sets of 
contact force for conventional spiral bevel gear meshing simulation and logarithmic spiral bevel gear meshing simulation were done. 
Consider the dynamic simulation about meshing angular velocity and tangential contact force for conventional spiral bevel gear meshing 
and logarithmic spiral bevel gear meshing, respectively. Finally, by analyzing and comparing the simulation data, the results show that 
under the same input conditions, the fluctuation of the gear angular velocity and tangential contact force of logarithmic spiral bevel gear 
meshing are smaller than the conventional spiral bevel gear. That is, the transmission stationary of logarithmic spiral bevel gear meshing 
is superior to conventional spiral bevel gear.  
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1. Introduction 

1.1 Spiral bevel gear and logarithmic spiral bevel gear 

Spiral bevel gear (SBG), also called Gleason spiral bevel 
gear or curved tooth bevel gear, is widely used in various 
transmission fields, such as aerospace, machine tool, ship and 
automobile industry due to its outstanding features on smooth 
transmission, such as low noise and high coincidence ratio [1]. 
However, the spiral angle of the conventional SBG at a point is 
not equal everywhere because the conventional SBG spiral 
angle is usually defined by the nominal spiral angle of the 
midpoint of tooth trace line [2]. It is required for the value of 
spiral angle of meshing contact point to be equal for the pur-
pose of increasing transmission stability, improving the tooth 
face contact state and elongating the service life.  

The Logarithmic spiral bevel gear (LSBG) proposed in the 
Refs. [2-4] has the characteristic that the tooth trace line is a 
conical logarithmic spiral line, which has equal spiral angles at 
a point. However, the actual dynamic behavior of LSBG still 
needs to be studied and verified. 

1.2 Modeling about SBG 

Generally speaking, there are three kinds of methods for 
conventional SBG modeling [5]. The first kind is a surface fit 
modeling based on tooth flank equation derivation [6-8]. This 
method first creates a discrete points solutions array of SBG 
tooth flank by using mathematical software such as Matlab, 
then generates a surface model through mathematical fitting of 
the discrete points solutions array, and finally builds a model 
through a surface model [9-13]. The second kind is simulation 
process modeling through virtual processing. Based on mesh-
ing equations, it uses a virtual simulation machine tool for 
processing to obtain the SBG three-dimensional (3D) model 
[17-24]. The third is make the tooth profile sweep along the 
tooth trace line direction to form a single tooth, then arrays the 
single tooth to build up the whole model [2] with a commer-
cial software package such as UG, or Pro-E, or Catia. In this 
paper, we use the first method to accurately model. 

 
1.3 Meshing angular velocity and contact force simulation 

of SBG 

Mechanical engineers and specialists in mechanical fields 
[25-29] have done many researches on SBG vibration, shock  
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and noise, which may be caused by the changes of angular 
velocity and contact force during meshing [30-34]. Litvin 
studied the contact problem of SBG by means of numerical 
analysis method, and proposed tooth contact analysis method 
based on "local synthesis method" [35-36]. Fong proposed the 
method of fourth-order comprehensive curve of SBG tooth 
flank meshing movement for building the mathematical model 
[37]. Yao carried out the modeling and simulating with double 
circular-arc SBG [38]. Velex simulated the dynamic behavior 
of bias planetary gear mechanism [39]. Chen did dynamics 
simulation of planetary gear and spur gear [40-42]. Fang pro-
posed a precise modeling method of arc tooth face-gear with 
transition curve and did the kinematic analysis [43]. He also 
processed a prototype by CNC machine tool. Benamar under-
took the quasi-static motion simulation and slip prediction of 
articulated planetary rovers by using kinematic approach [44]. 
Simon optimized the process of face-hobbed SBG on CNC 
hypoid gear generator [45]. There are many other scholars and 
engineers researched on the kinematics analysis, dynamic 
analysis and meshing contact analysis of spur gear [46-48], 
helical gear [49, 50], planetary gear [51-53], SBG, hypoid 
gear and so on. But there are few reports about simulation of 
meshing angular velocity and contact force of LSBG.  

 
2. 3D Modeling of LSBG 

2.1 Conical logarithmic spiral line  

LSBG is a special SBG which uses the conical logarithmic 
spiral line as the tooth trace, and uses the involutes as tooth 
profile line. As shown in Fig. 1 the parameter equation of coni-
cal logarithmic spiral line [2] in the Cartesian coordinates is 

 
sin cot

sin cot

sin cot

sin cos
sin sin

cos

x

y

z

x OM ae
y OM ae

z OM ae

f a b

f a b

f a b

a f

a f

a

ì = =
ï

= =í
ï

= =î

             (1) 

 
where a is the distance between the start point of the logarith-
mic spiral line and the top of the cone; f is the independent 
variable which reflects the projection angle on the bottom 
plane of the moving points turning angle; α is the half angle of 
the cone and β is the spiral angle. 

The projection of the conical logarithmic spiral line on the 
bottom plane is the plane logarithmic spiral line. The value of 
spiral angle between the conical logarithm spiral tangent di-
rection and the cone element direction is a constant. 

 
2.2 The process of tooth flank formation for LSBG 

The tooth flank forming process of helical cylindrical gear 
is shown in Fig. 2.  

A generate plane is rolling purely around the base cylinder. 
The space tooth flank surface is swept by a bias straight line 
on the generate plane. 

The formation of SBG tooth flank is similar to helical cy-

lindrical gear, which is swept by a conventional spiral line on 
the plane while the plane is rolling purely around the base 
cone. Now, replace the conventional spiral line on the plane 
with a conical logarithmic spiral line, generating a surface that 
sweeps by the logarithmic spiral line on the plane while the 
plane is rolling purely around the base cone is the LSBG tooth 
flank as shown in Fig. 3. 

 
2.3 The construction of tooth flank equations for LSBG  

As shown in Fig. 4, the line OP is a tangent line between 
plane Q and base cone K with base cone angle θ, when the 
plane Q around base cone K does pure rolling expansion 
movement, a logarithmic spiral line MN on plane Q sweeps a 
surface in space which is the LSBG tooth flank. To get the 
tooth flank equation of LSBG, we establish two left-handed 
coordinates at the top point of O on base cone K for the circle 
center. One left-handed coordinates is O-xyz, which is fixedly 
connected with the base cone K. The other left-handed coor-
dinate is O x y z¢ ¢ ¢-  which is fixedly connected with the rota-

 
 
Fig. 1. Conical logarithmic spiral line. 

 

 
 
Fig. 2. The tooth flank formation mechanism of helical cylindrical 
gear. 
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tion plane Q. The x¢  axis on the plane Q and z¢  axis with 
the OP direction is the instantaneous axis which plane Q is 
rolling purely along with the base cone K. The coordinate 
transformation formula from the coordinates O x y z¢ ¢ ¢-  to the 
coordinates O-xyz can be expressed as follows: 
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The equations of logarithmic spiral line MN on the plane 

x Oz¢ ¢  can be written as follows: 
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So, the incomplete parameter tooth flank equation of LSBG 

which contains the unknown parameter α can be expressed as 
follows: 
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The above LSBG tooth flank equation is an incomplete pa-

rameter equation because the base cone angle α is unknown. 
The base cone angle α must be calculated to determine LSBG 
complete tooth flank equation. 

The base cone is smaller than the pitch cone because base 
cone angle α is smaller than pitch cone angle γ according to 
the mechanism of the LSBG tooth flank formation; that is, the 
base cone locates within the pitch cone. So, there must be an 
intersection line between the tooth flank which is formed by 
spreading the logarithmic spiral line on the base cone exterior 
transverse and pitch cone surface.  

The angle between the two intersecting surface tangent 
planes which is the spiral angle of the meshing point accord-
ing to the definition of SBG spiral angle as shown in Fig. 5. 
From the formation mechanism of spherical involutes tooth 
profile, 1O , 1N , P on the same spherical surface and forms 
the spherical triangle 1 1O N PD , the sine formula of spherical 
geometry can be written as follows: 

 
sin sin sin .q b g=                               (5) 
 
The base cone angle α can be written as follows by deriva-

tion from Eq. (5). 
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In Eq. (6), β and γ are decided by the designer. The com-

plete tooth flank equation of LSBG can be expressed as fol-
lows: 
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Fig. 3. The tooth flank formation mechanism of LSBG. 

 
 

 
 
Fig. 4. The coordinates for tooth flank equation. 

 

 
 
Fig. 5. The relationship between base cone angle and pitch cone angle. 
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2.4 The 3D model of a pair of LSBGs 

Use LSBG pairs to replace SBG pairs on the main reduce 
transmission of a minibus main reducer. Some parameters of 
LSBG are shown in Table 1.  

According to the related parameters in Table 1, the Matlab 
software package is employed to solve the discrete points on 
the LSBG tooth flank, fit the discrete points to generate tooth 
flank surface, and then create a tooth profile model. The 
LSBG 3D models of the pinion and gear were built by UG 
software package. The 3D assembly model of LSBG was built 
by three constraint conditions: the shaft angle ∑ = 90°, the top 
point coincidence of the pinion and the gear, and the reference 
circle contact alignment of exterior transverse surface on the 
pinion and gear tooth flank. The 3D assembly model is shown 
in Fig. 6. 

 
3. The meshing angular velocity and contact force 

simulation of LSBG 

3.1 Basic formulas based on the Hertz elastic contact theory 

Based on the Hertz elastic contact theory [54], the calcula-
tion formula of the contact force can be written in the form of  
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where F is the contact force, N; k is the coefficient of the con-
tact stiffness, N/mm; x is a variable for the distance of two 
contact bodies, mm, x < 0 mean contact, x = 0 or x > 0 mean-
ing not contact; e is the contact force index; function Step(x, 0, 
0, d, C) is a piecewise function; C is damping coefficient, 
Ns/m and d is the contact maximum penetration depth, mm.  

The calculation formula of stiffness k can be written as   
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where R1 and R2 are equivalent radius at the contact point of 
two contact bodies, mm. R1 and R2 replaced by the exterior 
transverse pitch circle radius of LSBG in this paper; ρ is the 
correction coefficient; v1 and v2 are the Poisson ratio of two 
materials; the materials of pinion and gear are No. 45# steel, 
so v1 = v2 = 0.285；E1 and E2 are, respectively, the elastic 
modulus of two materials, E1 = E2 = 2.07×105 N/mm2. 

The expression of piecewise function Step(x,0,0,d,C) is 
shown as follows. 
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where b = h1-h0, mm；Δ = (x-x0)/(x1-x0); x is an independent 
variable, x0, h0 are the initial variable value and initial function 
value, respectively, x1, h1 are the end variable value and end 
function value, respectively. 

The calculation expression for the contact distance x of the 
corresponding points on two simple rotate rigid bodies can be 
written as follows based on the Hertz elastic contact theory: 
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where P is the normal contact force of two contact bodies, N. 

The contact stiffness coefficient k = 6.65×107 N/mm by 
putting corresponding data into Eqs. (8) and (9). The contact 
force index e = 1.5 according to the related literature [55-58]. 
The damping coefficient C = 50 N·s/mm. The contact maxi-
mum penetration depth d = 0.1 mm. The static friction coeffi-
cient is 0.08, and the dynamic friction coefficient is 0.05. 

The gear theoretical angular velocity can be written by the 
equation according to the SBG transmission theory as follows: 

 
2 1 1 2/n n z z= ´                              (12) 

 
where n2 is the gear theoretical angular velocity, degree per 

Table 1. Some parameters for a pair of LSBGs. 
  

Parameter Symbol / Unit Pinion Gear 

Number of teeth z 9 37 

Exterior transverse 
modulus m/mm 4.5 4.5 

Shaft angle ∑/(°) 90 90 

Rotation direction  Left Right 

Pitch circle diameter d/mm 40.5 166.5 

Pressure angle αn/(°) 20 20 

Spiral angle βm/(°) 35 35 

Addendum ha/mm 3.825 3.825 

Dedendum hf/mm 4.671 4.671 

 
 

 
 
Fig. 6. The 3D model of LSBG. 
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second; n1 is the pinion input angular velocity, degree per 
second; z1 is the number of pinion teeth, pcs; and z2 is the 
number of gear teeth, pcs.  

The theoretical angular velocity of the gear n2 = 1873.703 
degrees per second calculated by inputting corresponding data 
into Eq. (12). 

Similarly, the theoretical numerical calculation formula for 
tangential contact force of bevel gear can be written as  

 
2TF
d

=                                     (13) 

 
where F is the bevel gear tangential contact force, N; T is the 
transmitted torque, N·m; and d is the exterior transverse pitch 
circle diameter, mm.  

The theoretical tangential contact force F = 23603.48 N is 
calculated by inputting corresponding data into Eq. (13). 

 
3.2 Simulation flow and initialization 

The dynamics simulation flow chart for SBG and LSBG 
meshing is shown in Fig. 7. The load for pinion’s angular 
velocity is added by the step function. The pinion angular 
velocity is 7703 degrees per second, which is equivalent to 
4500 revolutions per minute; the torque on the gear was 
1964.99 Nm, which is the maximum output torque by engine 
through the transmission and main reducer. The simulation 
time is one second and the simulation steps are set to 500 steps. 
The meshing angular velocity and tangential contact force 
simulations were done for conventional SBG and LSBG under 
the same initial conditions, respectively. 

The change curve of the pinion’s angular velocity with time 
is shown in Fig. 8. A step function of angular velocity is added 
to the pinion; the pinion angular velocity maintains stabile at 

7702.87 degrees per second after 0.2 seconds. 

 
3.3 Angular velocity simulation of the gear  

The angular velocity simulation results of the gear are 
shown in Fig. 9. The angular velocity simulation average 
valve of the gear is 1873.77 degrees per second by calculation 
of simulation data after 0.2 seconds later. 

Another theoretical angular velocity simulation of the gear 
is done by duplicate gear pair with the transmission ratio 9:37 
in UG/motion software package. The change curve of the 
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Fig. 7. The flow chart of dynamics simulation. 
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Fig. 8. The input angular velocity curve of the pinion. 
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Fig. 9. The simulation angular velocity curve of the LSBG gear. 
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Fig. 10. The theoretical angular velocity curve of the LSBG gear. 
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gear’s angular velocity with time is shown in Fig. 10. The 
angular velocity of the gear is a constant value at 1873.703 
degrees per second after 0.2 seconds.  

The curve of angular velocity simulation as shown in Fig. 9 
goes into a stable state after 0.2 seconds later; the change am-
plitude scatter diagram after 0.2 seconds is shown in Fig. 11 
with same coordinate axis scale for SBG and LSBG, Fig. 
11(a) shows the SBG and Fig. 11(b) shows the LSBG. From 
the analysis graph, it shows that the change magnitude of the 
gear angular velocity for LSBG transmission is smaller than 
that of SBG under the same condition, that is to say the LSBG 
transmission is more stable. 

 
3.4 Simulation of contact force  

The change amplitude curve as shown in Fig. 12 with same 
coordinate axis scale for SBG and LSBG by extract the com-
ponent force along the tangential direction of contact force 
between the pinion and the gear; Fig. 12(a) shows the SBG 
and Fig. 12(b) shows the LSBG. The average value of SBG 
tangential contact force is 24799.9N, while the average value 
of LSBG tangential contact force is 24747.5 N. It is clear that 
the change amplitude of tangential contact force for LSBG 
transmission is smaller than SBG when both are under the 
same condition. 

4. The simulation data processing 

4.1 The normality test and histogram of frequency distribution 

There four groups data extracted from simulation data, re-
spectively, are the angular velocity and tangential contact 
force of SBG, the angular velocity and tangential contact force 
of LSBG. Here we only consider the stable responses, which 
are 400 points data after 0.2 seconds. The normality test re-
sults of SBG and LSBG gear angular velocity are shown in 
Fig. 13. It can be seen that the scatters are basically in a 
straight line. The characteristics of SBG are shown in Fig. 
13(a); the mean value of the gear’s angular velocity is 1872.69 
degrees per second, the standard deviation is 21.55 degrees 
per second, the Anderson-Darling statistics factor is 0.293 and 
obey normal distribution because of the value of P  = 0.601 > 
0.05. The characteristics of LSBG are shown in Fig. 13(b); the 
mean value of gear’s angular velocity is 1873.77 degrees per 
second, the standard deviation is 12.67 degrees per second, the 
Anderson-Darling statistics factor is 0.264 and also obey nor-
mal distribution because of the value of P = 0.697 > 0.05. 

The results of normality test for tangential contact force of 
SBG and LSBG are shown in Fig. 14. It can be seen that the 
scatters are basically in a straight line too. The characteristics 
of SBG are depicted by Fig. 14(a); the mean value of tangen-
tial contact force is 24799.9 N, the standard deviation is 
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Fig. 11. The scatter diagram of gear angular velocity. 
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Fig. 12. The curve of tangential contact force. 
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550.4 N, the Anderson-Darling statistics factor is 0.514, and 
obey normal distribution because of the value of P = 0.192 > 
0.05. The characteristics of LSBG are shown by Fig. 14(b), 
the mean value of tangential contact force is 24747.5 N, the 
standard deviation is 280 N, the Anderson-Darling statistics 
factor is 0.581 and also obey normal distribution because of 

the value of P = 0.130 > 0.05. 
There all obey normal distribution by the results of normal-

ity test for the angular velocity and tangential contact force of 
SBG and LSBG. The frequency distribution histograms are 
shown in Fig. 15. Standard deviation is a measure index which 
reflects the dispersion degree for average value of a set of data. 
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Fig. 13. Tests for normality of meshing angular velocity.  
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Fig. 14. Test of normality for tangential contact force. 
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Fig. 15. Frequency distribution histograms. 
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It is shown that the standard deviation of SBG is larger than 
LSBG either meshing angular velocity or tangential contact 
force. The consistency and stability of LSBG meshing are 
superior to SBG, illustrated by standard deviation size as 
shown in Fig. 15 of the frequency distribution histogram. 

 
4.2 The box-plot 

Box-plot is a kind of statistical graph used to indicate the 
distribution characteristics of a group of data. The box-plot 
mainly contains five data lines: upper edge value line, upper 
quartile value line, median value line, lower quartile value line 
and lower edge value line. The box-plots of meshing angular 
velocity and tangential contact force are shown in Fig. 16. Fig. 
16(a) is the box-plot of meshing angular velocity and Fig. 
16(b) is the box-plot of tangential contact force. It is shown 
that the concentration performance of LSBG are superior to 
SBG both on meshing angular velocity and tangential contact 
force. 

 
4.3 The average and range (X bar-R) control chart  

The average and range control chart contains two charts. 
The above chart is the average control chart for monitoring of 

data center position [59-61] and the below chart is the range 
control chart for monitoring data dispersion degree. It reflects 
the center position and dispersion degree of a group of data 
[62-65]. According to the theory of probability and mathe-
matical statistics knowledge, the distribution of sample aver-
age value obeys a normal distribution if the population data 

obeys a normal distribution. That is, 
2

~ ( , )x N
n
sm ，(μ，σ 

are the mean value and standard deviation of the population 
data respectively). The dispersion range of x   is 3 / nm s± . 
Although the distribution of range R does not obey a normal 
distribution, the range R distribution still approximately obeys 
a normal distribution when sample capacity n < 10; thus the 
dispersion range of R is approximately 3 RR s± ，( R， Rs  
are the mean value and standard deviation of range R respec-
tively)，and Rs = dσ, d is a constant which can be found in 
Table 2. 

The mean value μ and standard deviation σ of the 
population data are usually unknown. But the mean value μ 
of the population can be replaced by the average value x  of 
small sample average value x  for parameter estimation. 
Similarly, the standard deviation σ of the population can be 
substituted for the small sample range value na R  in parame-
ter estimation.  
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x x
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R R
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where m̂  and ŝ  are the estimate values of m  and s , 
respectively; ix  is the average value of the sample; Ri is the 
range value of the sample and an is a constant with value from 
Table 2. 

The three control lines of x -R control chart are shown as 
follows: 

For x chart: The center line  

1

1 .
k

i
i

x x
k =

= å                           (17) 

 
The upper control line  

2 .sx x A R= +                             (18) 
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Fig. 16. The box-plots.  

 

Table 2. The values of parameters d, an, A2, D1, D2. 
 

Number for  
a group d an A2 D1 D2 

4 0.880 0.486 0.73 2.28 0 

5 0.864 0.430 0.58 2.11 0 

6 0.848 0.395 0.48 2.00 0 
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The lower control line 

2xx x A R= -                           (19) 
 

where A2 is a constant， 2 3 /nA a n= , A2 can be found in 
Table 2. 

For R chart: The center line 

1
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i
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R R
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= å .                            (20) 

 
The upper control line  

13 (1 3 )s R nR R da R D Rs= + = + = .  (21) 
 
The lower control line 

23 (1 3 )s R nR R da R D Rs= - = - =  (22) 
 

where D1 and D2 are constants with values from Table 2. 
Take 100 points with range of 0.8-1.0 seconds as SBG and 

LSBG simulation data, divide them into 25 groups with 4 
points for each, draw the meshing angular velocity x -R con-
trol chart as shown in Fig. 17 with same coordinate axis scale 
for SBG and LSBG. Fig. 17(a) is the x -R control chart of 
SBG meshing angular velocity in which the ninth point (the 
ninth data sets) mean value exceeds the lower control line, the 
twenty-first point is close to the upper control line, and the rest 

of the points are normal. Fig. 17(b) is the x -R control chart 
of LSBG meshing angular velocity showing a normal fluctua-
tion; no points exceed the control line. It is shown that the 
meshing angular velocity fluctuation of LSBG transmission is 
smaller than that of the SBG transmission. Thus; the stability 
of LSBG transmission is superior to that of SBG. 

The x -R control chart of tangential contact force of SBG 
and LSBG is drawn according to the 0.8-1.0 seconds simula-
tion data as shown in Fig. 18 with same coordinate axis scale. 
Fig. 18(a) is SBG with the normal fluctuations, and Fig. 18(b) 
is LSBG also showing a normal fluctuation. The dispersion 
degree of tangential contact force of LSBG transmission is 
smaller than that of SBG obviously. 

 
4.4 The comparison between simulation value and theoreti-

cal value of SBG and LSBG 

The gear’s theoretical meshing angular velocity and theo-
retical tangential contact force are calculated with Eqs. (12) 
and (13), respectively. The comparison between the simula-
tion value and theoretical value is shown in Table 3. 

For conventional SBG meshing, the relative error rate of the 
gear meshing angular velocity between simulation value and 
the theoretical calculation value is 0.054%, that is, the simula-
tion model is very accurate for meshing angular velocity simu-
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Fig. 17. The Xbar-R control charts for meshing angular velocity. 
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Fig. 18. The Xbar-R control charts for tangential contact force. 
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lation. The relative error of the tangential contact force be-
tween simulation value and theoretical calculation value is 
4.82%. 

For LSBG meshing, the relative error rate of the gear mesh-
ing angular velocity between simulation value and the theo-
retical calculation value is 0.0036%, emerges the advantages 
of the LSBG transmission with smaller angular velocity fluc-
tuation, the transmission of LSGB is more stable. The relative 
error of the tangential contact force between simulation value 
and the theoretical calculation value is 4.85%. A way to re-
duce the error between simulation value and theoretical calcu-
lation value is to change related simulation parameters settings 
during simulation. 

Generally, from the simulation of the SBG and LSBG, the 
error rates are in a range of engineering acceptable value 
which less than 5%. The simulation results are credible. 

 
5. Conclusions 

(1) A 3D geometric model and meshing model of LSBG are 
built according to the characteristics of LSBG which the tooth 
line is the conical logarithm spiral line and tooth profile is 
involutes by using the tooth flank equation deduction-
discretization-surface fitting method. 

(2) Simulation of meshing angular velocity and tangential 
contact force has been carried out based on the Hertz elastic 
contact theory. The calculation formula of contact force for 
SBG and LSBG meshing was expressed in the form of setting 
contact stiffness, contact force index, damping coefficient, 
penetration depth, static friction coefficient and kinetic friction 
coefficient. 

(3) Simulations on meshing angular velocity and tangential 
contact force of LSBG pair and conventional SBG pair were 
successfully carried out by setting the initial parameters and 
other simulation parameters by use of UG/Motion software 
package. The conclusion is that LSBG transmission stability is 
superior to the conventional SBG drown by the results com-
parisons of SBG and LSBG simulation in meshing angular 
velocity and tangential contact force.  

(4) The simulations may pave the way for LSBG design and 
manufacture for applications in industry, also contributing to 
subsequent tasks like computer aided engineering analysis, the 
process and machining of prototype. 

The parametric modeling of the LSBG as well as  the ma-
chining for the product is still future work. 
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Nomenclature------------------------------------------------------------------------ 

SBG : Spiral bevel gear    
LSBG : Logarithmic spiral bevel gear  
3D : Three dimensional 
α      : Half angle of cone  
β      : Spiral angle 
F      : Contact force  
K : Coefficient of the contact stiffness  
x       : Distance of two contact bodies 
e       : Contact force index  
C : Damping coefficient  
d      : Contact maximum penetration depth 
R1 R2   : Equivalent radius at the contact point  
ρ     : Correction coefficient  
v1  v2  : Poisson ratio of two materials 
E1  E2 : Elastic modulus 
n1     : Pinion input angular velocity 
n2     : Gear theoretical angular velocity 
z1     : Number of pinion teeth 
z2     : Number of gear teeth 
T     : Transmitted torque 
D     : Exterior transverse pitch circle diameter 
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