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1. Introduction 

To improve dynamic performance and fuel efficiency of power-

train systems, some types of automatic transmissions, i.e., auto-

matic manual transmissions (AMTs), infinitely variable transmis-

sions (IVTs), dual clutch transmissions (DCTs), continuously var-

iable transmissions (CVTs), and electrically variable transmissions 

(EVTs), are used in automotive, maritime, and renewable energy 

applications [1-3]. Electric vehicles has become the main direction 

of automotive technology development because of its characteris-

tics of high-energy efficiency, low emission and diversified energy 

source [1]. To achieve targets of high-efficiency and high-power 

of EVs, the integration of a high-speed motor and a gearbox is a 

development trend of an electric drivetrain system [2,3]. A new 

drivetrain scheme of a two-speed planetary gearbox and a one-way 

clutch can well match with the high-speed motor. A vehicle trans-

mission transmits the rotating power of the energy source, whether 

an electric motor or an internal combustion engine (ICE), through 

a set of gears to a differential, the unit that spins the wheels [4-6]. 

Any vehicle, ICEs or electric vehicles, needs more torque than 

speed to propel the car from a dead stop, and more speed than 

torque once the vehicle already has forward momentum [7,8]. 

Comparing with traditional multi-speed gearboxes for ICEs, the 

two-speed gearbox is simplified but has a high requirement on its 

reliability [9]. The reliability performance of the two-speed plane-

tary gearbox of the EV is closely related to the characteristics of 

transmission errors of its gear pairs [10]. 

Cylindrical involute gears, i.e., spur and helical ones, are widely 

used in gearboxes and planetary gear trains in many other indus-

trial applications [11-13]. Evolution of the design and manufacture 

of such gears by hobbing, shaping, and grinding has been impres-

sive. Geometry, design and manufacture of helical gears was the 

subject of research represented in the works [14-16] and many oth-

ers. Generally, gears are manufactured via hobbing [17,18] or 

forming cutting [19-21] based on the theory of gearing. For some 

gears with special tooth profiles, e.g., concave-convex and spiral 

tooth profiles, their manufacturing methods and machine-tools are 

complex. Since meshing performances of these gears with special 

tooth profiles are highly sensitive to manufacturing errors [22,23], 

high manufacturing accuracy of gear machine-tools is required for 

these gears [24-27].  

Transmission errors and contact patterns are two typical meth-

ods for meshing performances evaluation of gear systems 

[10,28,29]. A tooth profile modeling method was developed to im-

prove accuracy of tooth contact analysis for gear tooth profiles [30]. 

Some other meshing performances, e.g., power losses, can also be 

evaluated based tooth contact analysis [31-33]. Since these gears 

have convex-concave tooth profiles, they cannot be manufactured 
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via standard gear manufacturing methods. During a manufacture 

in this way, for each of the gear modules and the radius of curva-

ture, a different blade size and gear holder is needed. However, it's 

clear that these gears have many advantages, if they can be pro-

duced sufficiently in the industry [34,35]. Since these gears have 

better load-bearing capabilities, have a balancing feature for the 

axial forces, quiet operation feature and their lubrication character-

istics is better than herringbone gears and spur gears [36-38]. It's 

noteworthy that there are number of studies carried out recently in 

relation to these gears [39,40]. Many applications, e.g., automobile 

[41,42] and tunnel boring machines [43,44] require high reliability 

of gearboxes. Some neural network methods are also used for gear 

manufacturing to improve the accuracy of machine-tools [45,46]. 

Application of modern CNC for gear form grinding methods is 

introduced new concepts in design and formed of involute gears 

with modifications. The study describes a new reliability-enhanced 

form grinding method based on a predesigned second-order trans-

mission error function. The proposed method is based on the kin-

ematical modeling of the basic machine settings and motions of a 

virtual generating rack cutter. This work focus on the design of 

gear drives with reduced noise is based on application of a prede-

signed parabolic function of transmission errors. 

The remaining part of this paper are organized as follows. Sec-

tion 2 presents numerical model of a gear form-grinding wheel 

profile and its coordinate systems. Section 3 presents the proposed 

optimization model of the gear form-grinding wheel. Section 4 in-

troduces the contact line between the gear form-grinding wheel 

and the gear. Section 5 presents an error evaluation model for gear 

tooth profiles. Some case studies and experimental testing are pre-

sented in Sections 6 and 7. Some conclusions from this work are 

presented in Section 8.  

2. The Range of Form-Grinding Wheel Mounting Angle 

2.1 Numerical Method of Coordinate System and Form-

Grinding Wheel Profile 

In order to facilitate the analysis of the study, the establishment 

of the coordinate system of a form-grinding wheel is shown in Fig. 

1. A coordinate system Sg(xg, yg, zg) is established on the gear, 

where the zg-axis is the gear axis. A coordinate system Sw(xw, yw, 

zw) is established on the grinding wheel, where the zw-axis is coin-

cident with the form-grinding wheel axis, and the 𝑎 is the center 

distance variation of the tooth profile modification. The shortest 

distance between the gear axis and the form-grinding wheel axis is 

the center distance of a, and the angle Σ between the two axes is 

the angle of the form-grinding wheel. 

With mold grinding helical gear, at any moment the relative mo-

tion of the gear, helical surface and grinding wheel surface tangent 

along the contact line contact. The contact line between the form-

grinding wheel and the gear wheel is obtained by the shape of the 

helical gear end face and the installing parameters of the grinding 

wheel. The contact wire is rotated around the axis of the form-

grinding wheel to obtain the profile of the form-grinding wheel. 

When the center distance is determined by this method, the from-

grinding wheel profile of any grinding wheel mounting angle is 

obtained. Determine the gear spiral surface of any obtained. Deter-

mine the gear spiral surface of any point M(xg, yg, zg), the grinding 

contact point P(xw, yw, zw) can be calculated on the surface of Sand 

loop is corresponding to the M point of helical surface of gear. The 

actual contact line of the form-grinding wheel and gear curve is 

composed of P in grinding process. The contact line can be rotated 

to the grinding wheel section to obtain the cross section of the 

form-grinding wheel, which can be represented as 

2 2

w w w

w w

R x y

Z z

  



  (1) 

 

 
Fig. 1 Coordinate system of the form-grinding wheel 

 

2.2 Determination of Form-Grinding Wheel Mounting Angle 

Range 

When grinding helical gear with a forming method, the tooth 

root transition curve connection, the installation angle Σ of the 

grinding wheel Σ can be selected in a certain range, the range is 

based on the grinding wheel in the design of other conditions. In 

order to produce helical gear surface correctly, must meet the fol-

lowing two conditions: the contact conditions for tangency and 

non-interference conditions. 

For the contact conditions for tangency, the installation angle of 

the grinding wheel selection only needs to satisfy the relation: 

  or  
cot cot

a a

p p

     
 

       

 (2) 

where   is the one with the gear end section curve point coordi-

nates of related functions, and P is the spiral parameter. For the 

non-interference conditions, take root transition spiral surface of 

any point Sg(xgs, ygs, zgs) on the gear coordinate system. The point 

is converted to the grinding wheel coordinate system to get a point 

Sw(xws, yws, zws), The cutting radius of the form-grinding wheel at 

the point can be represented as  

2 2

0 ws ws
R x y    (3) 

The curvature radius of the helical gear at the point can be repre-

sented as 
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 (4) 

As long as Δ= 𝑅0 − 𝜌 < 0 meet, the interference phenomenon 

will not occur at the S point. After determination of gear parame-

ters and center distance, Δ is a function of Σ correlation. The range 

of the form-grinding wheel mounting angle can be obtained by 

combining the two molding conditions. 

3. Optimization Model of the Form-Grinding Wheel 

3.1 Geometrical Properties of the Form-Grinding Wheel 

The contact line of the formed grinding helical gear is a three-

dimensional curve, which is projected onto the 𝑥𝑔𝑦𝑔𝑧𝑔 plane of the 

gear coordinate system, as shown in Fig. 2. Visible contact line 

shape is mainly affected by the over range 𝑠𝑎, the offset 𝑠𝑏, the off-

set 𝑠𝑐 three evaluation parameters. The overshoot is the length of 

the first point and the last point of the contact line in the 𝑧𝑔 axis. 

Offset is addendum circle and circle intersection of involute tooth 

surface with the same length in the direction of 𝑧𝑔 axis. The offset 

is the length of the dividing circle and the intersection point of the 

left and the right tooth surfaces in the direction of 𝑧𝑔 axis. 

For grinding, bevel gear, the contact line is in motion in the al-

veolar end the other end trailing traction. Therefore, the actual 

working stroke of the grinding wheel along the tooth width direc-

tion is the tooth width and the super range. Under certain condi-

tions of the grinding wheel walking knife speed, the smaller the 

overshoot, the shorter the grinding time, the higher the grinding 

efficiency. Because of a tilted state contact line in cogging, about 

two gear tooth surface at the contact point of unbalanced force, re-

sulting in grinding chatter. In order to reduce the unbalanced force 

of the wheel and the gear, the offset must be reduced. In addition, 

the smaller the offset is, the higher the accuracy of the modification 

of the additional radial moving gear teeth. When the offset tends 

to be the smallest, it is needed to consider the process to increase 

the offset and the overshoot, so the offset is only suitable for the 

single side grinding. 

 

 
Fig. 2 Schematic diagram of the contact line between the form-grind-

ing wheel and the gear 

3.2 Analysis on Characteristics of Wheel Mounting Angle 

and Contact Line 

From the above, to optimize the contact line in order to improve the 

grinding efficiency and grinding precision, must reduce the amount of 

overshoot, offset, offset value. The basic parameters of helical gears 

are shown in Table 1. 

For the gear in Table 1, when the grinding wheel installation angle 

changes between 69 deg to 73 deg, the amount of overshoot, offset and 

offset of the contact line with the change of the angle of the grinding 

wheel is shown in Fig. 3. Along with the change of the angle of the 

grinding wheel, the overshoot, offset and offset are changed simulta-

neously, but the minimum value of the 3 quantities cannot be achieved 

at the same grinding wheel. For example, in Figure 3 when the over-

shoot, offset, offset the most hours, the grinding wheel installation an-

gle of about 69 deg, 69.40 deg, 72.38 deg. When the angle of grinding 

wheel mounting angle is increased by 69.40 deg, the offset and the 

overshoot increase, the offset decreases and then increases. The instal-

lation angle of the grinding wheel is reduced by 69.40 deg, the offset 

and offset are increased, and the overshoot is reduced. 

Table 1. Design parameters of the gear specimen 

Item Value 

Tooth number 53 

Module (mm) 5 

Pressure angle (deg) 20 

Helix angle (deg) 20 

Coefficient of variation (mm) 0 

Addendum circle diameter (mm) 292.01 

Root diameter (mm) 269.51 

Gear width (mm) 70 

Tooth profile modification 0.02 

Trimming width (mm) 10 

 

 

Fig. 3 Relationship between contact line and grinding wheel 

installation angle 
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3.3 Multi Objective Optimization Model of Contact Line 

When optimizing the contact line, it involves a number of design 

targets, that is, the minimum value of the overshoot, offset and off-

set. At the same time, the problem of the optimal value of two or 

several design targets is the multi objective optimization problem. 

The mathematical model of the problem can be expressed as the 

objective function: 

 

 

 

1

2

3

min

min min

min

F

F F

F

 


 




  (5) 

where  1
F  ,  2

F  , and  3
F   are overrun, offset, and offset 

on the installation angle of the form-grinding wheel function of Σ, 

respectively . The constraint condition of the multi-objective opti-

mization model of the contact line between the form-grinding 

wheel and the gear can be represented as 

1 2
       (6) 

where  1 2
,   is the optional range of the mounting angle of the 

form-grinding wheel. 

From the above, we can see that the mathematical model of the 

three design indicators cannot reach the best at the same time, it 

must be based on the actual processing needs, choose the relatively 

optimal solution. The theoretical basis of the constraint model is as 

follows: if the planning problem can be given a range of choice, 

the target can be excluded from the target group as a constraint. 

Therefore, the process needs to be selected to optimize the first tar-

get, and to the rest of the target set the range of choice. For example, 

when the grinding efficiency is increased, the minimum of the su-

per range is the first target, and the offset and offset cannot exceed 

a range value, and the mathematical model can be rebuilt. The ob-

jective function can be represented as 

 1
min minF F    (7) 

Constraint conditions are 

 

 

1 2

2 2

3 3

j

j

F F

F F

    


 


 

  (8) 

where 2

jF  and 3

jF  are the limit of offset and offset setting, re-

spectively. At this point, the multi objective optimization of the 

amount of overshoot, offset and offset is transformed into a single 

objective optimization of the process. 

 

4. Contact Line Shape Evaluation Parameter Solution 

4.1 Contact Line Equation 

On the solution of the contact line super range offset need to 

solve the contact line equation: 

 cot cot 0
g x y g z

z n an a x p n        (9) 

where  , ,
x y z

n n nn  is the normal vector of point on spiral surface 

of helical gear. Equation (9) is a transcendental equation can be 

combined with such error algorithm and Newton iterative method 

for solving. The optimization is needed to solve the transcendental 

equation this is because the relationship between the wheel mount-

ing angle and the overshoot, the offset and the offset cannot be ex-

pressed in a specific function with fuzziness. In order to solve this 

problem, we can directly fit the function between the optimization 

parameters and the grinding wheel mounting angle. 

Based on data in Fig. 3, the straight line fitting method can be 

used, the advantage of this method is that the principle is simple, 

the disadvantage is that more manual intervention is needed and 

the programming is more complex. For example, the method 

should be based on the current gear parameters and grinding wheel 

installation parameters need to be fitted to several sections of 

straight line. It is necessary to determine the amount of overshoot, 

offset, offset, respectively, as the minimum value of the corre-

sponding grinding wheel installation angle, then the fitting angle 

of the grinding wheel is fitted by the standard of the minimum 

grinding wheel. The neural network is very good at this kin d of 

input and output relations is not explicit function approximation 

direct call to the neural network simulation results and not to solve 

the transcendental equation can shorten the calculation time and 

reduce the artificial intervention. Among all kind s of neural net-

works, BP neural network is the most widely used, and the basic 

function of BP neural network is function approximation. 

4.2 Evaluation Parameter Solving Model 

Let         1 2 3
, , ,

k k k k
F F F , where 1,2, ,k n , are input output 

sample pair grinding wheel mounting angle input data, among 
 

1 2

Tk

n
        are grinding wheel mounting angle input 

data        
1 2

k m m m

m n
F f f f 

 
 are output data for overshoot, 

offset and offset. Σ as the input of the network, in the role of con-

tinuous power, the actual output of the network can be 
       

1 2

T
R m m m

m n
Y y y y 

 
. The connection weights of i to j 

are wij, and the weights of the weights are Δwij and the mean square 

error of the model can be represented as  

ij j i
w v   (10) 

    
2

1

1 n
m m

m k k

k

e K f y
n 

   (11) 

After a lot of trial calculation, the function approximation ability 

has little relation with the number of hidden layer, so the BP neural 

network with single hidden layer is adopted in this problem. This 

point is consistent with the reference [10], the transfer function of 

hidden layer neurons with S tangent function, the output layer 

transfer function of neurons with S logarithmic function. At 69.32 
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deg ~ 71.53 deg, the value of the 200 grinding wheel mounting 

angle is calculated, and the corresponding super range, offset and 

offset are calculated as training samples. According to the above 

method, the neural network model is established with the training 

parameters shown in Table 2. The training results of the model are 

shown in Figure 4, after 15 iterations, when the mean square error 

converges to 8.32456 x 10-6, the network performance can meet 

the requirements of the target. 

 

 

Fig. 4 Neural network modeling training results 

The calculation error curve between the values shown in Fig. 5 

the true value for the offset and the neural network shows that net-

work computing is very small value between real value and error, 

except in the vicinity of 69.32 deg ~ 69.4 deg appeared relatively 

large error, the error is relatively small. Causes the larger relative 

error in the area can be reflected in Fig. 3, as close to the minimum 

value of the offset and offset minimum at a value for mutation, so 

use neural network to calculate, will make a larger relative error, 

but even offset and real value at the maximum error also the devi-

ation is only 0.2 mm. 

 

 

Fig. 5 Offset error curve 

Observation Figs. 6 and 7 found that the error of the overshoot 

and offset is very small, this is because the grinding wheel in the 

training sample installation angle range of the range of the over-

shoot and the bias is monotonous, there is no point mutation. 

 

Fig. 6 Overshoot error curve 

 

Fig. 7 Offset error curve 

5. Error Analysis Model 

In order to verify the contact line optimization effect, need to 

reverse the calculation, which is the best installation angle of the 

grinding wheel to calculate grinding wheel, grinding wheel was 

calculated according to the grinding tooth surface, so that with the 

tooth surface design, solving the grinding error. 

Three additional motions can be selected in the tooth profile 

modification of the gear, the variation of center distance, the rota-

tion of the gear wheel and the axial movement of the grinding 

wheel. There is no requirement for the gear in the gear shape mod-

ification, so as to facilitate the establishment of error analysis 

model, this paper establishes the error analysis model by taking the 

angle of the bevel gear and the grinding wheel as an example. 

If the grinding wheel inverse to tooth surface point of 

 , ,
T T T

T x y z , and a little on the point corresponding to the design 

of spiral gear surface is  , ,
Q Q Q

Q x y z , the design of grinding error 

of spiral surface and the actual machining helical surface: 

     
2 2 2

0 0 0T T T
e x x y y z z       (12) 

6. Case study 

For the convenience of calculation of gear grinding errors, select 

only the requirements of modified helical gear tooth (Table 1) as 
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an example, in addition, because the grinding experiment is used 

to process the one side grinding respectively around the tooth sur-

face, so the calculation results as a precondition for optimization. 

6.1 Evaluation Parameter Analysis 

In order to meet the conditions of non-interference in the grind-

ing wheel and the gear, helical gear should be greater than the ra-

dius of curvature of the grinding wheel cutting radius, by using the 

calculation method of section first wheel angle can be calculated, 

the installation angle of the grinding wheel is in the range of 69.32 

deg ~ 71.53 deg, as shown in Fig. 8, after calculation, the range of 

full contact conditions. 

After determining the scope of the grinding wheel installation 

angle, set the value of the wheel installation angle and draw the 

corresponding curve of the contact line, as shown in Fig. 9. 

When the wheel angle of 70 deg (sigma complementary and he-

lix angle) angle), the offset is 4.11 mm, overrun is 9.98 mm, off-

set is 7.12 mm; when the installation angle of the grinding wheel 

Σ = 71.2528 deg (complementary and base helix angle), offset 

length is 13.47 mm, super capacity was 6.82 mm, offset is 3.84 

mm; when the installation angle of the grinding wheel is 69.40 

deg, the offset is 0.16 mm, super capacity is 6.67 mm, and the 

offset is 8.4 mm. 

As can be seen from the above, three evaluation parameters 

in the same installation angle of the grinding wheel, some for 

some small value to a large value, so we should choose the in-

stallation angle of the grinding wheel, must be considered to 

overrun, offset, offset. In the actual grinding, axial modification 

in order to reduce the grinding error, should offset the reduction 

of contact line, at the same time when one side grinding bias and 

super volume should not be too large, therefore, the contact wire 

in multi-objective optimization, the minimum offset for the first 

goal, to offset and overrun value constraint. 

 

Fig. 8 Grinding wheel mounting angle range under the condition of 

non-interference 

 

Optimization method according to the second section and the 

third section after the installation angle of the grinding wheel 

Σ = 69.80 deg, the offset is 2.68 mm, overrun is 8.80 mm, off-

set is 4.22 mm. In addition, in the actual machining and instal-

lation angle of the grinding wheel is complementary with the 

base helix angle, i.e., Σ = 71.2528 deg, compared with the in-

stallation angle of the grinding wheel grinding wheel with Σ= 

71.2528 deg, the optimized installation angle, offset decreases 

about 80.1%, overrun decreased by about 47.7%, offset in-

creases about 9.9%. The offset and overrun decreased, but the 

bias increases, but increases only 0.38mm. Comprehensive con-

sideration, the contact line shape of the grinding wheel installa-

tion angle of 69.80 deg is better than that of the contact line 

when the grinding wheel installation angle is 71.2528 deg. 

 

Fig. 9 Comparison of different grinding wheel mounting angle  

contact lines 

6.2 Grinding Error Analysis 

This section is mainly on the grinding wheel installation angle 

of 71.2528 deg and 69.80 deg when the gear grinding error analysis 

and comparison. To evaluate the tooth to tooth surface error, first 

calculate the different axial positions of the theoretical tooth 

surface, and the fourth section grinding wheel tooth surface is 

compared against the tooth surface will start in the meshing line, 

tooth width as the horizontal axis, the tooth surface expansion 

length for the vertical axis, launched by the length of exhib ition 

angle to say get Fig. 10, top gear at the top, at the bottom of the 

root. 

Figure 10(a) is a distribution map of the installation angle of the 

grinding wheel Σ = 71.2528 deg tooth surface error, in the middle 

part of the tooth width without modification part. Figure 10(b) is a 

distribution map of the installation angle of the grinding wheel Σ 

= 69.80 deg tooth surface error. 

By comparing Figs. 10(a) and 10(b) can be found, the additional 

radial motion of straight tooth end tooth modification, distribution 

of symmetrical tooth surface error on gear tooth width on both 

sides of the symmetrical surface error, and the top of the teeth than 

the tooth root of tooth s urface error. After optimization, the 

maximum tooth surface error is reduced from 8 um to 5 um, and 

the optimum grinding wheel mounting angle can obviously reduce 

the maximum tooth surface error.  
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(a) 

 
(b) 

Fig.10 Grinding error of grinding tooth surface 

The result of error analysis shows that the machining error 

distribution is more uniform and the accuracy is higher than that 

before the optimization of the contact line, which can meet the 

requirements of the practical engineering application. 

7. Grinding Gear Machining Experiment 

In this paper, the grinding gear processing experiments using 

self developed multi function forming grinding machine, 

machining gear and machine tools as shown in Fig. 11. In Table 2, 

the helical gear parameters, combined with the actual processing 

requirements of the contact line opt imization calculation to 

determine the installation angle of the grinding wheel grinding 

wheel, grinding and programming in NC machining finish 

grinding wheel dressing and automatic gear. 

In order to compare the precision grinding, to eliminate the effe 

ct caused by different gear blanks, using the same gear unilateral 

grinding manner in the machining process, the left and right flanks 

respectively to the installation angle of the grinding wheel Σ 

71.2528 deg and Σ = 69.80 deg grinding wheel and calculation 

of gear grinding and other parameters of two tooth surface 

processing consistent. In order to compare the grinding efficiency, 

the time of grinding tooth surface is recorded. 

After finishing grinding experiment, the gear measuring 

instrument which is produced by Harbin Precision Instrument Co., 

Ltd. is tested, as shown in Fig. 12. 

 

Table 2 Machine-tool settings of form-grinding tests 

Parameters Values 

Spindle speed (rad/min) 4200 

Grinding linear velocity (m/s) 35 

Feed velocity (m/s) 0.02 

 

 

Fig. 11 Helical gear grinding experiment 

 

Fig. 12 Gear tooth surface measurement 

The tooth test report as shown in Fig. 13, the processed gear has 

reached the national standard of 3 grade precis ion, compared to 

about two teeth, the tooth surface precision is obviously higher 

than that of the left and right flank, visible after the optimization, 

the accuracy has been greatly improved, this is mainly because the 

offset after the optimization of the contact line decreases, the grind-

ing vibration obtained the relief. 

The tooth to the test report as shown in Fig. 14, after processing 

the gear precision reach grade 5 according to national standards, 

the right tooth modification effect is very good, to achieve 3 GB, 

the left tooth surface in the processing of the offset and offset due 

to the contact line is too large to produce the "modification distor-

tion", so it only reaches the five level. 
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Fig. 13 Tooth profile test report 

 

Fig. 14 Teeth inspection report 

Overrun the left line of contact process is greater than the right 

tooth surface overrun, so the left tooth surface grinding needs a 

longer period of time, in the process under the same conditions, 

complete left tooth surface processing takes about 32 min, right 

flank takes about 27 min, visible in mass production, the optimized 

installation angle of the grinding wheel can effectively improve 

grinding efficiency. 

8. Conclusions 

Theoretically, the proposed form grinding method for cylindri-

cal involute gears based on the optimization of the form-grinding 

wheel is not limited to the involute tooth profile, and is applicable 

to all types of gears. Because of the light load cases can reflect 

more gear noise problems. Especially, involute gears with time-

varying meshing stiffness are difficult to adjust amount of modifi-

cation. Therefore, on the basis of the obtained results, the follow-

ing conclusions can be made:  

(1) The grinding wheel and the helical gear grinding motion is 

studied, based on analytic formula of grinding wheel, wheel design 

conditions determined without interference wheel angle range. 

(2) Study on the properties of the contact line, analyzed the three 

parameters influence on the contact line, the optimization model 

was established based on the method of contact line constraint, in 

solving the evaluation parameters, to solve the contact line condi-

tions using neural network. 

(3) An error analysis model is established for the modification 

of the linear tooth end of the additional radial motion. The validity 

of the method is verified by the calculation examples and the grind-

ing tooth experiment. 

(4) Comprehensive consideration, the contact line shape of the 

grinding wheel installation angle of 69.80 deg is better than that of 

the contact line when the grinding wheel installation angle is 

71.2528 deg. After optimization, the maximum tooth surface error 

is reduced from 8 um to 5 um, and the optimum grinding wheel 

mounting angle can obviously reduce the maximum tooth surface 

error. 
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