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It is proposed that the complex molding process and the scanning process should be unified through the differential envelope
principle. After scanning the surface of the part with the contact sensor, the contour coordinates of the measured surface are
calculated by the trajectory of the center of the ball, and the contour data of the complex linear surface is extracted. ,en, the
intelligent analysis and calculation of precision generating surface parameters and quantitative adjustment are carried out, and the
exact reverse method of the special line parts with characteristic parameters is studied. ,ere is only micron scale difference
between the reverse result and the nominal value. ,is technology is applied to the closed-loop manufacturing process of gear
parts, which reduces the dependence on the artificial experience when the machining parameters of the cylindrical gear processing
equipment is adjusted and provides an effective solution for the digital and intelligent manufacturing of the parts.

1. Introduction

,e measuring link in the network collaborative closed loop
manufacturing is no longer a simple error detection pro-
cedure, but the process of obtaining reverse of themachining
parameters and the calculated quantitative inversion pa-
rameter [1, 2]. It includes three steps: linear surface data
acquisition, data processing, and reconstruction [3]. At
present, in addition to the contact scanning method, the
common way of data acquisition also includes the non-
contact optical scanning and the contact coordinate mea-
surement by the trigger head [4–6]. Due to the measurement
precision and efficiency of the last two methods, they are not
suitable for application in the closed-loop manufacturing
system of complex linear workpiece surface with high
precision. ,e reconfiguration of the complex linear surface
is generally achieved by a special reverse software developed
for a certain part, or by a manual method, which makes the
cost of reconstruction high or guarantee of accuracy difficult

[7, 8]. It is the key to solve the above problems by studying a
high-precision, simple and practical, and achievable inte-
gration of measurement results and processing parameters,
and this is also a key part of closed-loop manufacturing
technology.

According to the machining principle, the actual ma-
chined surface of the workpiece contains some information
such as machine tool, cutter and the relative cutting motion
of cutter, and workpiece [9]. Based on the detection results of
the actual profile of the workpiece, the monitoring, and
automatic intervention of the part processing process,
achieving the application effect of intelligent closed-loop
manufacturing can be completed by quantitative adjustment
analysis of the machining process. As shown in Figure 1, the
measurement link is transformed from the traditional
passive detection assessment into active monitoring and
feedback to realize the control of the quality of the product in
the closed-loopmanufacturing system [10]. At present, there
are two kinds of feedback compensation methods from the
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measurement link to the processing link. One is reserving
the compensation parameters in themachining code of CNC
machine tools. After the completeness of detection, the
measurement results are converted to the recognizable
compensation parameters by the numerical control system,
and then the compensation parameters are fed back to the
CNC machine tool through the network interface to realize
the compensation processing [11]. ,e other is converting
the measurement data into the feedback amount of the
closed-loop control of the servo unit of the processing
equipment and directly controlling the servo motor to re-
alize error compensation [12]. ,is involves the integration
of machining parameters and measurement results [13],
which means that the test results and the input parameters of
the machine tool need to be unified.

,e processing input parameters of involute cylindrical
gears such as number of teeth, modulus, pressure angle,
helix angle, and the variation coefficient are characteristic.
But the detection result is the shape error and circum-
ferential distribution error of the profile, which needs to be
analyzed and transformed according to the measurement
results or directly output the result. ,at is to say, the
characteristic parameters of the workpiece to be tested need
to be mapped to obtain the quantitative inverse result that
can be used to guide the machining. Wang Wenjing et al.
proposed a method of calculating the normal modulus by
the common normal line length, which is a new mea-
surement method for determining the type of gear dis-
placement by means of a three-coordinate measuring
instrument to determine the helix angle and mutual in-
terpolation by the helix angle and the tip circle diameter
[14]. A large number of preprocessing studies on gear point
cloud data to achieve a fast reverse of gear characteristic
parameters were conducted by Wang and Fang [15]. A
cooperative visual surface profiling system was proposed to
achieve accurate measurement of the chamfered gear
profile by Zhou et al. [16, 17]. A new method for calculating
the basic parameters of a gear using the 3D digitizer was
introduced to obtain the image data of the helical gear by
Asgharifard [18]. A noncontact measurement method for

gear parameters based on machine vision and laser sensors
was proposed by Jun et al. [19, 20].

For the complex surface workpieces such as spiral bevel
gears and nonlinear worm gears, the machining input pa-
rameters include not only the own characteristic parameters,
but also the machine adjustment parameters and tool pa-
rameters. ,erefore, the process of adjusting the machining
equipment according to the measurement results is more
complex. It is necessary to derive the mapping relationship
between the parameters of the gear and the error of the tooth
surface, although there are mature products abroad. China is
still at the stage of theoretical research [21].

Gears are important parts of mechanical transmission,
among which involute gear is an important part of modern
high-efficiency transmission technology [22]. According to
the conventional razor-pulling processing method for cy-
lindrical gears, if the basic parameters such as the number of
teeth, the modulus, the pressure angle, the helix angle, and
the variation coefficient are determined, the processing of
the involute cylindrical gear can be realized [23]. However,
due to the adjustment error of the relevant parameters of the
processing equipment (equipment error or human error), it
is difficult to directly ensure the parameter requirements of
the processed gear, which in turn affects the performance of
the gear [24]. At present, the basic solution for enterprises is
to use the gear meter to detect the gears and adjust the
parameters according to the test report. It is difficult to
obtain accurate and reliable adjustment parameters and the
adjustment amount of the tooth surface. ,e accurate
measurement and analysis system of cylindrical gear pa-
rameters can solve the above problems well and provide a
method for the accurate reverse adjustment of tooth surface
machining. At the same time, in the practical application of
mechanical engineering, on the one hand, the gear mech-
anism often fails with the operation of the machine (such as
the accidental overloading leading to the broken teeth, the
tooth surface wear, the pitting and the gluing, etc.), which
needs to be replaced in time. On the other hand, in the
process of copying the machine or redesigning a new
product, for some reasons (such as the absence of relevant
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Figure 1: Schematic diagram of the closed-loop manufacturing system.
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design drawings in imported mechanical products), the
original design parameters of the gear mechanism are not
available. It undoubtedly brings difficulties to the replace-
ment, imitation, and redesign of the gear mechanism. So
how to extract the original design parameters of the un-
known gear becomes the key to solve this problem [25].

Based on the theory of cylindrical gear machining, in this
paper, the multiaxis linkage measurement center for com-
plex linear surface is applied to study the cylindrical gear
intelligent mapping method of actual tooth surface pa-
rameters. According to the actual surveying and mapping
parameters, the quantitative correction of the gear pro-
cessing parameters can be realized, thereby ensuring ac-
curate processing of the product. Custom analysis
technology for actual tooth profile is researched and
implemented, which can further extract the modified tooth
surface data, and a stable and reliable basis for the precise
adjustment of the gear processing parameters and the ac-
curate control of the tooth surface modification amount is
provided.

2. Methodology

2.1. Reverse Mapping Based on Differential Envelope
Technique. Most parts can be machined in a variety of
equipment or methods. ,e mechanism and machine pa-
rameters of various machine tools are different. ,e prin-
ciples and mechanisms of achieving tool tilting, tool turning,
tool position, and deformation are also different, and many
parameters are involved. On each type of machine tool,
establishing a closed-loop feedback model between mea-
surement andmachining for a profiled surface part would be
a huge project. In this paper, an analysis method based on
the differential envelopment principle is proposed. It is not
necessary to carry out complex geometric analysis on the
theory model of linear profile. It is necessary to measure and
analyse the actual motion trajectory, and then the extraction
of the actual linear profile can be completed [26]. According
to the conversion relationship between the probe and the
tool (grinding wheel), the quantitative adjustment of the
machining parameters is realized.

,e machining process of the part can be regarded as the
result of shaping the blank by a curved surface which moves
with a certain law formed by the cutting edge of the tool.,e
final forming contour of a part is formed by the envelope of
the curved surface and numerous tool edges [27]. In the
process of scanning and measuring complex linear surface
parts, the profile measurement data obtained by the probe
scanning can be regarded as the movement of the probe
surface along the surface of the part. ,e envelope of the
probe surface forms a curve that is in contact with the part
surface. ,ereby, the processing process of the complicated
linear surface and the measurement scanning process can be
unified.

As shown in Figure 2, during the profile scanning
process, the sphere of the probe S2 is kept in contact with the
measured surface S1, and the two surfaces are tangent to the
point P. S2 is moving relative to S1. In the workpiece co-
ordinate system of S1, at any two moments, S2(t) and S2(t +

Δ) should form two contact points with S1, P(t) and
P(t + Δ), and have the following formula:

lim
Δ⟶0

P(t + Δ) � P(t), (1)

when Δ⟶ 0,

S2(t)∩ S2(t + Δ) ≈ P(t) ∈ S1. (2)

Here, only the direction of the contour scanning motion
trajectory is analyzed. Considering the characteristics of the
part profile here, only the direction of trajectory is analyzed.
Considering the characteristics of the part profile (the design
line is generally scanning by a straight line or a spiral line),
the same differential analysis can be performed in the other
dimension direction of configuration. ,at is, at another
moment, S2(t + Δ′) should form two contact points with S1,
another is P(t + Δ′), and have the following formula:

lim
Δ′ ⟶ 0

P t + Δ′( 􏼁 � P(t), (3)

when Δ′ ⟶ 0,

S2(t)∩ S2 t + Δ′( 􏼁 ≈ P(t) ∈ S1. (4)

So, whenΔ⟶ 0Δ′ ⟶ 0, P can be got by calculating
S2(t)∩ S2(t + Δ)∩ S2(t + Δ′) for time t. ,e calculation of
the actual processing line lattice of the part is completed.
After processing the lattice data, completing the reference
matching and the nonlinear interpolation of the specified
points, on the one hand, the machining error of the
workpiece can be obtained through compared with the
theoretical model of CAD. On the other hand, according to
the mapping relationship of the profile line surface and the
processing parameters, quantitative analysis of processing
parameters can be realized.

,e finishing process of complex linear profiles is
generally realized by a precision grinding machine. In the
complex linear closed-loop manufacturing based on pro-
cessing method with the grinding machine, the process of
integrating measurement and by differential enveloping
technology can be explained by Figure 3. In Figure 3, the
profile L is formed by grinding with a grinding wheel whose
radius isR1 . ,e obtained profile line is the envelope of the
surface of the grinding wheel. ,e probe with radius R2 is
used to detect the profile based on a way of measurement

S2 S1

P

t + ∆

t + ∆′

Figure 2: Scanning envelope analysis of actual machined profile.
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which is fixed step size and constant force of measurement
and automatic path planning. ,e envelope of the probe
surface is the actual machining curve of the profile. ,eo-
retically, the actual processing envelope is consistent with
that of measurement. It is assumed that the coordinate of the
ball center corresponding to the point P on the workpiece
line (x1, y1) at the workpiece coordinate system XO1Y. ,e
angle between normal direction of the P and the X-axis isα.
Both the grinding wheel and the probe are tangent to the
profile line at point P. So, it can be obtained in the probe
coordinate system XO2Y. ,e center coordinate of the
grinding wheel corresponding to the P point is
((R1 − R2)cos a, (R1 − R2)sin a), and the coordinate of the
center of the grinding wheel in the workpiece coordinate
system XO1Y is (x1 − (R1 − R2)cos a, y1 − (R1 − R2)sin a).
,e normal angle of the P point is consistent with the
normal angle of the probe ball trajectory. ,erefore, the
trajectory of the center of the grinding wheel during the
machining process can be obtained from the probe ball
trajectory which is obtained during the measurement pro-
cess, thereby achieving uniformity of measurement and
processing.

2.2. 
e Principle of Reverse Modulation of Cylindrical Gear.
For involute helical gears, as long as the number of teeth
Z, the end face modulus mt, the pressure angle α, the
helix angle β, the modification coefficient x(the undis-
placed gear modification coefficient is 0), the tip circle
radius ra, and root radius rf are calculated, the gear can
be determined. ,erefore, a workpiece having the same
characteristics as a spur gear can be defined as a complex
linear surface workpiece having characteristic parame-
ters. ,e cylindrical gear mapping based on the differ-
ential enveloping technique is to extract the
characteristic parameters through the measurement of
the gear profile.

2.2.1. 
e Mapping of Base Circle Diameter. ,e process of
measurement to get parameters (base circle diameter Db,
modulus m, and pressure angle α) is as follows: the number
of teeth of the unknown parameter gear is counted, and the
gear tip diameter and the root diameter are measured with a
caliper. Enter the mapping software as basic parameters. ,e
gear with unknown parameters is clamped on the measuring
equipment, and the measuring head is moved to the root of
the measured tooth space. ,e rotating shaft (C-axis) of the
measuring equipment automatically rotates to drive the
measured gear to rotate until there is some pressure between
the probe and the measured gear. ,en the software controls
the rotary axis (C-axis) of the measuring equipment to rotate
at a constant speed.

At this time, the amount of deformation of the probe
will change slightly. ,e change is feedback to the motion
control system in time, and the control system drives the
linear axis motion, thereby offsetting the change of the
probe. For spur gears, if the surface machining quality is
good, the deformation of the 3D probe is in the X-direction.
If the workpiece to be tested is a helical gear, it is required to
calculate the combined effect of the three deformation
directions of the probe. ,ree linear axes are required to
realize. Closed-loop feedback is controlled according to the
deformation amount of the probe. In short, during the
process of measurement, under the premise of constant
compression of the probe, the probe moved relative to the
tooth profile of the measured gear, and the information of
the position of the probe is collected during the moving
process. So, the parameters of the measured gear are ob-
tained by processing the collected information.

According to the principle of the involute, two different
points are randomly selected on the involute of profile, and
two extensions are made along the normal line of the tooth
profile through two selected points. ,e two extension lines
are the generating line of involute. Vertical line of the ex-
tension line is made by the center of the rotation, and the
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Figure 3: Integrated schematic diagram of processing and measurement through differential envelope.
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intersection point is on the base of the gear. According to the
parameter expression of the involute, as (5), combined with
the position information of two different points on the gear
contour, assuming Ai, Bi, i � 1, 2, 3, . . . , n, the base circle
radius rbi, i � 1, 2, 3, . . . , n, is calculated. ,e average value
rb1 is calculated by the measured spur gear according to
formula (6). According to formula (7), if the result of rbi

minus rb1 exceeds a certain valuem, then it is deleted as an
error. So, the average value of rest rbi is calculated, which is
the theoretical base circle radius value rb.

rk �
rb

cos αk

,

θk � tan αk − αk,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(5)

rkAi �
rb

cos αkA

,

θkAi � tan αkAi − αkAi,

rkBi �
rb

cos αkBi

,

θkBi � tan αkBi − αkBi

θ � θkAi − θkBi,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

rb1 �
􏽐

i�n
i�1rbi

n
. (7)

In the formulae, rkAi and rkBi are path diameters of Ai

and Bi, respectively. θkAi and θkBi are the angles of Ai and Bi,
respectively. θkAi and θkBi are the pressure angles of Ai and
Bi, respectively.

2.2.2. Check Preferred Sequence Table. In the design,
manufacture and use of products, the performance pa-
rameters, and dimensions of various products need to be
expressed by numerical values. For example, the size of the
part, the diameter of the raw material, the tolerance value,
the specifications of the product, etc., need to be expressed
by numerical values. In order to meet the various re-
quirements of users, the product will inevitably have dif-
ferent specifications. ,e same parameter of the same
product needs to take different values from large to small,
thus forming a series of products with different specifica-
tions. Whether this series is reasonable, it is directly related
to how the values are divided and graded. ,erefore, the
priority number and a series of priority numbers are a
scientific numerical standard, that is, simplifies, coordinates,
and unifies for values of various technical parameters and
the main content of standardization.

Table 1 shows a preferred series of modulus of the in-
volute cylindrical gear. Generally, the preferred value of the
pressure angle is 20°. For involute cylindrical gears, rb, m, mn

z, α, and β are the base circle radius, the end face modulus,
the normal modulus, the number of teeth, the normal
pressure angle, and the helix angle. In the initial mapping
process, if the helix angle β is 0°, according to the expression

(8) of the base circle radius, the modulus mn and pressure
angle αof the measured gear can be determined by the
pattern search in the preferred sequence table of modulus
and the preferred sequence table of pressure angle. Of
course, in the software, the search range of modulus and
pressure angle can be customized, or one of them can be
automatically calculated when another is determined.

rb �
m × z × cos(a tan(tan(α)/ cos(β)))

2
,

�
mn × z × cos(a tan(tan(α)/ cos(β)))

2 × cos(β)
.

(8)

2.2.3. Mapping for Helix Angle. After the initial measure-
ment of the modulusm, the pressure angle α is completed in
accordance with steps (1) and (2), and the reverse mapping
of the helix angle β can be started.,e process of operation is
as follows: moving the probe to position of the base circle
radius rbof the measured gear, the C-axis is manually
controlled to drive the measured gear to rotate until the
probe and the measured gear generate a certain amount of
compression, and then the linkage between the C-axis and
the Z-axis is controlled by software. Under the premise of
keeping a certain amount of compression, the probe moves
downward along the Z-axis for a distance of Lz. During the
process, the distance of the probe relative to the gear is Lx in
theX-direction, and the expression of the helix angle β of the
cylindrical helical gear is as shown in the following equation:

tan β �
Lx

Lz

· cos α. (9)

,e differential enveloping principle is adopted in the
surveying and mapping process, and the coordinate point of
the measuring profile is obtained by center of probe whose
radius compensation is carried out if the helix angle of the
mapping is not 0, the modulusm and the pressure angle α of
the initial mapping need to be corrected; that is, the in-
fluence of the helix angle is considered in the process of the
radius compensation of the probe, and m and α should be
recalculated.

Table 1: Modulus of preferred series of involute cylindrical gear
(GB/T 1357-1987).

First series

0.1 0.12 0.15 0.2 0.25
0.3 0.4 0.5 0.6 0.8
1 1.25 1.5 2 2.5
3 4 5 6 8
10 12 16 20 25
32 40 50

Second series

0.35 0.7 0.9 0.75 2.25
2.75 (3.25) 3.5 (3.75) 4.5
5.5 (6.5) 7 9 (11)
14 18 22 28 (30)
36 45

Note. (1) For involute cylindrical helical gears refers to the normal modulus.
(2) ,e first series is preferred, and the modulus in parentheses is not used
as much as possible. (3) ,e modulus code is m; the unit is mm.
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2.2.4. Mapping of Modification Coefficient. According to the
data collected by the probe at the root and the top of the
tooth during the movement, the circle is fitted to obtain the
actual root radius rf, tip radius ra.

According to the definition of the involute cylindrical
gear, the expression of the reference radius and the angle of
the cogging can be expressed as follows:

rp �
m × z

2
, (10)

θ �
0.5 · π − 2 · x · tan α · cos β

z
. (11)

,e reference radius rp of the measured tooth is cal-
culated according to formula (10) (Z is the number of teeth)
and the probe moves to the position of reference radius rp of
the measured gear. ,en, the C-axis rotates to drive the
measured gear for rotating until the amount of compression
generated by the probe. ,e measured tooth surface reaches
a threshold value and then rotates the measured gear in the
opposite direction tomake probe contact the other surface of
tooth space. Compression amount reaches the threshold
value, and the angle θ corresponding to the cogging on the
reference circle is obtained. ,e modification coefficient x

can be calculated according to the expression (11), which can
be further optimized by the paired gear and the center
distance parameter. In the actual machining process,
according to the results of parameter mapping of the pro-
cessed gear and the initial setting parameters of the machine
tool, the intelligent reverse adjustment of the gear processing
can be realized.

2.3. Software for Reverse Mapping of Cylindrical Gear.
,e software for procedure of operation of the spur gear to
realize reverse mapping is shown in Figure 4. Firstly, you
need to input the basic parameters of the workpiece, that
is, the number of teeth of the gear, the actual diameter of
top circle, the diameter of the root circle, and the width of
tooth, and determine the diameter of the probe used for
the measurement. ,e second step is mainly to detect the
tooth shape in the initial step to calculate the actual di-
ameter of base circle. ,e third step is to find the cor-
responding modulus and pressure angle in the preferred
sequence. ,e fourth step is measuring the helix angle,
then probing the obtainment a certain amount of com-
pression on the lower end surface of the tooth profile, and
performing a follow-up scan from bottom to top to
complete the mapping of lead. ,e fifth step is to obtain
the modification coefficient by the pitch detection and
obtain the basic parameters through the front

measurement. Based on those basic parameters, the profile
and pitch of the gear can be measured to obtain the av-
erage value of the profile and the cogging angle, the
modification coefficient and coefficient of the top/root
tooth height are calculated. Finally, all parameters are
obtained. In the fifth step, the measurement is verified.
,e second and third steps in the above are particularly
important, and the detailed process is shown in Figure 5.

When the tooth profile is mapped, the starting position is
determined as follows: the probe is moved into the space of
gear and the coordinate of X-axis is a positive number, and
the direction of tooth height is at the highest of the involute,
as shown in Figure 6. ,e probe can be manually moved to
the tooth surface, then the Y-axis is moved left and right, and
the highest position is determined by the change in the
compression amount of the probe.

In the gear design manual, there is the optimal se-
quence table of modulus and pressure angle. Select a set of
modulus and pressure angle in the table. ,e diameter of
the base circle and pitch are calculated. Compared with
other choices in the table, when the difference between the
calculated value and the measured value is the smallest,
the selected modulus and pressure angle are the best
choices. ,e final determination of the modulus and
pressure angle is as follows:

(1) ,e results meet the requirements by table look-up
(2) Keep the standard modulus obtained by table

look-up and modify the pressure angle
(3) Keep the standard pressure angle obtained by

looking up the table and modify the modulus
(4) Know the actual modulus and modify the pressure

angle
(5) Know the actual pressure angle and modify the

modulus

3. Application

On the complex profile line measurement center equipped
with Renishaw’s 3D scanning probe SP80H, constant dis-
placement, constant force tracking scanning measurement
control method is applied to the parameter mapping of a
standard involute cylindrical gear. ,e measured data are
processed by differential envelope algorithm. ,e result of
tooth profile data is shown in Figure 7.

During this measurement, the deformation amount of
X-direction fluctuation range of the probe is ≤±0.5 μm. As
shown in Figure 8, 11 points are interpolated in these
sampled data in the above (all data can be processed in the
actual software).

Input basic 
parameters

Initial 
mapping

Calculation and 
lookup table

Helix 
angle 

mapping

Mapping of 
displacement 

coefficient

Measurement 
verification

Parameter 
optimization

Figure 4: ,e software’s operation procedure of the cylindrical gear to reverse and mapping.
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Table 2 shows the interpolation angle and the extension
value. ,ese points are substituted into equation (6) for
demonstration of processing process of the measurement
data. ,at is, all points are combined in pairs to calculate the
corresponding base circle radius, and the average is obtained
after removing the coarse error. More accurate base circle
diameter can be calculated.

Using the above principle to complete the parameter
mapping of spur gear and helical gears, the results are
completely consistent with the actual parameters. Table 3
shows the mapping results of the gear.

Input the number of teeth, addendum circle diameter, root circle diameter, and
tooth width 

Modified
modulus

Place the probe at the starting position of tooth profile

Extraction of tooth profile data based on the principle of follow-up measurement

Calculation of base circle diameter and diametral pitch based on differential
envelope principle

�e modulus and pressure angle closest to the above calculation results are found
in the preferred sequence 

Select standard
modulus

Select standard
pressure angle Determination of m and α mapping results

�e difference between
table lookup and

calculation

Manual
correction

Modified
pressure angle>1μm

<1μm

Figure 5: Flowchart of modulus and pressure angle to surveying and mapping.

�e highest point
of tooth profile 

Figure 6: ,e starting position of the mapping for profile—the
highest point of the profile.
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Figure 7: ,e measurement data is plotted according to the in-
volute trajectory.
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e d
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m
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Figure 8: Deformation fluctuation of the X-direction of the probe
during measurement.
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Table 3 shows there is a slight difference in the diameter
of the base circle and the coefficient of displacement. ,e
diameter of the base circle differs by 0.002mm, and the
coefficient of displacement differs by 0.0054mm.

4. Conclusions

In this paper, the method of differential envelope principle is
used to unify the measurement and molding process of the
workpiece surface, and the research of application of complex
linear profile measurement in closed-loop manufacturing is
carried out. ,is method equates the probe with the cutter,
completes the envelope of the actual measured surface, and
then calculates the deviation of the actual measured profile
from the theoretical profile. According to the forming principle
of theoretical profile, the quantitative optimized calculation of
the machining adjustment parameters related to the surface to
be tested is completed, and the closed-loop manufacturing
process of the complex linear surface is realized. ,is method
provides a good solution for the intelligent manufacturing to
machine complex workpiece surfaces. In this paper, the ef-
fectiveness and feasibility of the proposed method are verified
by the application of manufacture and reverse in camshaft
profile and gear characteristic parameters.
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