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Tooth Flank Modification of a Helical Gear by
Using Modified Tangential Dressing Motion in a
Gear Generating Grinding Machine
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ABSTRACT

The tooth flank of a ground helical gear is
conventionally crowned by adjusting the radial feed of
the grinding worm while the grinding worm is moving
axially with respect to the working gear in a modern
computer numerical control (CNC) gear generating
grinding machine. However, the tooth flank of a
helical gear crowned using this modified radial feed
method is frequently twisted. Therefore, we propose a
tooth flank modification method for helical gears with
the grinding worm fed diagonally (combined
tangential and axial feed) while the grinding worm is
meshing with the working gear in a grinding machine.
In addition, the grinding worm is dressed by the
dressing disk with additional tangential dressing
motion (TDM) while the dressing disk is moving
axially with respect to the rotating grinding worm.
Because all the required corrective motions for the
proposed TDM method are existing CNC controlled
axes in modern gear grinding machines, the proposed
method can be implemented easily without modifying
the grinder hardware. Two numerical examples are
presented to validate the proposed TDM tooth flank
modification method with four simultaneously
controlled axes

INTRODUCTION

Involute helical gears generated by a grinding
worm in a generating grinding machine are widely
used in industry for high productivity. However, a
twisted tooth flank results when the tooth crowning for
a helical gear is manufactured using such a
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modification, several methods have been proposed
that involve using five-axis motion flexibility of a
computer numerical control (CNC) grinding machine.
However, the anti-twist effect is limited by modifying
the CNC corrective motions only if the geometry of
the grinding worm is maintained similarly to that of a
standard worm surface. Therefore, we propose a tooth
flank modification method for grinding helical gears
that entails using an existing generating grinding
machine without additional effort or costs to modify
the grinder hardware.

Litvin, Zhang, and Handschuh (1988) proposed a
generation process with a five degree of freedom
(DOF) mechanism for modifying the tooth flanks of
involute gears to prevent gear edge contact and reduce
transmission errors. Bouzakis (1995) proposed a
methodology for optimizing the tangential tool shift in
gear hobbing. The helical gear tooth geometry and
basic meshing equations are derived from Litvin (2004)
and Dudley (2011). Karpuschewski et al. (2008)
illustrated a finishing tool and dressing motion by
detailing a gear finishing tooth surface and working
process. The bias error of helical gear tooth flanks
caused by radial feed adjustment cutting methods was
aptly explained by Lange (2009), who also proposed a
methodology for optimizing it according to contact
behavior. Xu et al. (2009) illustrated the effects of axis
deflection and bias errors on a tooth surface and the
stress distributions of a hypoid gear.

Chen et al. (2009) employed a mathematical
model to simulate a gear hobbing process with two
DOFs. To further support the application of gear
hobbing and grinding machines, Siemens researchers
(2012) developed a specialized function—an
electronic gear box bundled into their CNC
controller—to reduce the effort of CNC programing
for hobbing processes. Fan et al. (2008) proposed flank
correction methodologies based on the CNC hypoid
gear generator. Winkel (2010) developed a hobbing
process for crowned gears with a diagonal feed that
reduced tooth flank twist in the workpiece.

Shih and Chen (2012) have proposed a tooth flank
modification grinding method with a high-order
correction based on a five-axis CNC gear profile
grinding machine for reducing tooth flank twist. Hsu
et al. (2014) have proposed a modified hob with



variable tooth thickness for reducing tooth flank twist
in longitudinal crowning. Tran et al. (2014) proposed
a low-twist hobbing process with its tangential feed as
a second-order function of axial movement that
involves using a dual-lead hob cutter with a pressure
angle change. Jiang and Fang (2015) used six-axis
high-order tooth flank corrective motion in a CNC
hobbing machine by employing sensitivity analysis to
reduce tooth flank twist.

In this paper, we propose a tooth flank
modification method for helical gears with a grinding
worm fed diagonally (combined tangential and axial
feed) while the grinding worm is meshing with the
working gear in a grinding machine. The grinding
worm is dressed by the dressing disk with additional
tangential dressing motion (TDM) while the dressing
disk is moving axially with respect to the rotating
grinding worm. With such four CNC axis corrective
motions and the modified TDM grinding worm, the
twist of a modified tooth flank can be reduced to a
negligible level. Because all the required corrective
motions for the proposed TDM method are the existing
CNC controlled axes in a modern gear grinder, it can
be implemented easily without additional cost to
modify the gear grinder hardware. Three numerical
examples are presented to validate the proposed TDM
tooth flank modification method with four
simultaneously controlled axes

MATHEMATICAL MODEL OF
DRESSING A WORM GRINDING
WHEEL

As shown in Figure 1, a generating grind
machine for helical gears typically has six CNC
controlled axes: three linear and three rotational
movements. The axial feed Z is parallel to the
workpiece rotation axis C. Moreover, the tangential
feed X moves along the rotation axis of the grinding
worm B. The radial feed Y is perpendicular to the
workpiece axis C and along the infeed axis of the
moving column. The workpiece rotates about axis C.
The cross angle A is the angle between the grinding
worm axis and workpiece rotation axis C. The
grinding worm rotates about axis B, and the dressing
disk rotates about axis V. In a typical gear grinding
factory, the dressing disk is purchased from machine
tool suppliers. The profile of a dressing disk, which is
defined at the design stage, is generally custom-made.
The grinding worm profile is shaped by a dressing disk
through a form dressing process, and the working gear
profile is generated by the grinding worm through a
generating grinding process. If the tooth flank
modification method for generating grinding were
developed using the six existing CNC axes or their
subsets, the developed tooth flank modification could
be implemented through CNC programing without
changing any hardware of the grinding machine.
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+z  A=Grinding worm cross angle axis
B = Grinding worm rotational axis
C = gear rotational axis

X = Tangential axis

Y = Radial axis

Z = Axial axis
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Fig. 1 Definition of axes in a gear grinding machine

The grinding worm is dressed by a rotating dressing
disk mounted on the V axis, as shown in Fig. 1. The
dressing process requires five DOFs and the X, Y, Z,
V, B, and A axes in the grinder. In the conventional
dressing process, the grinding worm is a thread of a
constant pitch. The grinding worm rotates and moves
axially at constant speeds; that is, two simultaneously
controlled axes, B and X, are required in the
conventional dressing process. The other four axes—
Y, Z, V, and A—are the machine settings that are
maintained constant during the dressing process.

However, in the proposed tooth flank
modification method, the grinding worm is dressed
with three simultaneously controlled axes, B, X, and Z,
whereas the other three axes, Y, A, and V, are the
machine settings. The movement Z provides an
additional tangential shift with respect to the grinding
worm. The coordinate systems for the grinding worm
dressing process are shown in Fig. 2, in which
coordinate systems Sw ws Vs Zi) and
Sa(xq,¥q,2z4) are rigidly connected to the grinding
worm and dresser, respectively.

B Axis
rotation

Fig. 2 Coordinate system of the schematic generation
mechanism for grinding worm dressing

The coordinate system S,(x,,¥,,2,) is the
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auxiliary coordinate system for the dressing feed. A
CNC gear grinding machine involves three grinding
worm movements: a traverse movement F.(¢,,)
along the axis of the grinding worm (the X axis
movement), a tangential movement F,(¢,,) alongthe
axis of gear (the Z axis movement), and a rotary
motion, the rotation of the grinding worm ¢,, (the B
axis motion). Because the dresser is circular, the
dressing disk rotation angle can be disregarded in
deriving mathematical formulas.

The profile used to polynomial grinding worm
that is generated by the dressing disk. The profile of
the dressing disk is shown in Fig. 3.

Ya
24y Y

At

Fig. 3 Coordinate system of the dressing disk profile

This latter is combined with profile modification
E,(s), as expressed in Equation (4) in polynomial
form, to produce the dressing disk’s actual normal
profile T,(s). The surface position vector X;, the
dressing disk’s normal vector N, and its actual
normal profile T;(s) can then be expressed as:

.
L (91 S):[de Zdy L, 1:| =M, T,

1) (1)
_0x,(0,9) y 0x, (6,s)

N, (@,5)=[N, N N T 2
d( ) |: dx dy dz:| 69 65 ()
I, (s)= [xd (s)FF,(s) s+r, O 1]T
3) (3)
where
1 0 0 0
3 0 cos@ -sing O
® 10 sind cos® O
0O O 0 1
2 3
S S S
FG)=V | —|+V, | =] +V,| — 4
@=u (e (2) () ©

(4)
where + indicates the right or left profile of the
dressing disk, 7,4 is the pitch radius of the dressing
disk, and m and m, are the module and normal
module, respectively. The profile function x;(s) is
expressed as follows:

S
X (s)=i?”Trstanoen

Q)

where S, = m, /2, And «a, is the pressure angle,
S, is the tooth thickness, and + and + indicate the
right or left profile of the dressing disk.

The profile modification of dressing disk F,(s)
is simplified as a third-order polynomial of a
parameter. The degree of the polynomial is subject to
change depending on the accuracy requirement. When
a higher DOF is required for specific tooth profile
modifications, a piecewise polynomial curve such as a
cubic spline can be used. The modification effect on
the dressing disk’s normal profile in terms of
polynomial coefficients is outlined in Table 1, in
which coefficients v; — v; are the design parameters
to be used in tooth surface topology optimization.

Table 1 Modification effect on the dressing disk
profile in terms of polynomial coefficients

Coeffi - Modificatio
; Schematic diagram
cient n Type
" Pressure
1 angle
v Profile
2 crowning
v Inflection
3 profile

As shown in Fig. 2, the tangential dressing is
formed by the dressing disk moving at axial feed
F,(¢,,) asthe grinding worm rotates at constant speed.
The grinding worm tooth surface X, is derived as
follows:

r, :[rWX Ly T 1:|T =M, L,
(6) (5)

(7 (6)
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Here, L, is the upper left (3 x 3) submatrix of
M,, 4, and the crossed angle y,,, and operating center
distance E;, between the grinding worm and
dressing disk axes correspond to machine settings.

As Eq. (10) shows, the tangential feed of the
grinding worm F,(¢,,) issimplified as a second- and
third-order polynomial. Parameter B, is the screw
parameter of the grinding worm.

Again, the degree of the polynomial is subject to
change depending on the accuracy requirement, and a
piecewise polynomial curve such as a cubic spline can
be used when a specific modification requires a higher
DOF.The modification effect on the grinding worm in
terms of polynomial coefficients is illustrated in Fig. 4,
where the coefficients v, and vg are the design
parameters to be used in tooth surface topology
optimization. The term b, represents the working
length of the grinding worm, and b,, is a constant

value in the dressing process.
Zy

(b) 3" order
Fig. 4 Modification effect on the dressing disk
profile in terms of polynomial coefficients

MATHEMATICAL MODEL OF GEAR
GENERATING GRINDING WITH A
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WORM GRINDING WHEEL

The CNC axes in a gear grinding machine and
the corresponding coordinate systems for gear
generating grinding are shown in Fig. 1. The motion
control diagram for the gear grinding machine is
shown in Fig. 5, in which the gear set icon defines a
constant gear ratio applied to fulfill a specific relative
motion between the working gear and grinding worm
in a standard gear generating process. The curved table
icon represents a modified function added to the
corresponding standard constant gear ratio to modify
the working gear’s tooth surface topology. The bold
line indicates the proposed four-axis machining in this
simulation.

As Fig. 6 shows, coordinate systems S,,andS,
are rigidly connected to the grinding worm and
working gear, respectively, and coordinate systems
Ss, Sy, and Sg, respectively, are the auxiliary
coordinate systems defining the grinding worm’s
tangential, radial, and axial feeds during the gear
grinding process. The grinding worm has three
movements: axial feed z along the axis of gear z,,
tangential feed F; along the axis of grinding worm
x5, and radial feed Fp along the center distance
between the grinding worm and the working gear (the
Z, X, and Y axes in Fig. 1). It also has two rotary
motions: that of the working gear and that of the
grinding worm (the C and B axis rotations in Fig. 1).

O—orer D>z
z 1 Leading Axis
| e
| \\
| ) Py
| aw
!
|
!
| T F(2)
| =N o
I X GOt
|
!
|
|
e ety
4 7y
2 g
B O L D> 9
| @Myi7
oo o
‘Udz—/ : o> -
Fel2)

Gear geometry Compensation Rotation
Fig. 5 Electronic gear box of a CNC gear grinding
machine controller

:

Ny = [rgx Ty Yo 1] =M,

(11) (120)
T

Ny =[Ny Ny Ny ] =Ly n,

(12) (11)
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f¢g(3191¢wy¢512):ng(s,9,¢w,¢8,z)-5rﬂ$’wzo
fz(s,¢9,¢w,¢5,z):ng(3,9,¢w,¢Blz).w:0
fu(s,0,6w) =0
(13)
where
Mg, =MgMyM,,
L0 0 R@®
|0 cosgy —sing, 0
" 10 sing, cosg, O
0 0 0 1
1=M;My
COS¢C(¢B,Z) —sing.(45,2) 0 O
Sln¢c(¢B,Z) cos¢.(¢s,2) 0 O
0 10
0 01
cos;/ﬁA 0 sing, O
1 0 Fe
—Sln¢A 0 cos¢, z
0 O 1
Wg:Z_

g

b
F(2)= ib—w z
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where + indicates the same or opposite rotational

direction of the grinding worm and working gear.

¢A=7/gw+ V6

2zrm,
Vow = =By T A)

(15)

where F indicates the same or opposite rotational
direction of the grinding worm and working gear. The
terms B, and A, denote the helical angle of the
working gear and the lead angle of the grinding worm,
respectively.

1
A

Fr=E
tanga, (16)

B = oy + o + Xog a7

where 7,, and 7, denote the pitch radius of the
working gear and grinding worm, respectively, and
Xng is the profile shift of the workpiece.

¢c (¢B ' Z) =
FC (Z) + mwg ¢B + mwg udT FT (Z) + udz z (18)
F.(2) - (v (22 +y, (isz

r b

o g (19)

Z4,5,g

C Axis
rotation

rotation

rotation

Fig. 6 Coordinate system of the schematic
generation mechanism for gear grinding

SURFACE NORMAL DEVIATION
TOPOGRAPHY OF THE WORKPIECE
AND SENSITIVITY MATRIX

Tooth surface normal deviation topography is
commonly used to depict the effect of tooth surface
modification. First, the working gear tooth surface is
digitized as a grid mesh with a varied transverse
section (Z;) in the lead direction and a varied radius
(R;) in the profile direction (Fig. 7). The normal
deviation of the tooth flank can then be calculated at
the grid points with specified (Z;, R;) by comparing the
modified tooth flank surface X, of the working gear
with the standard working gear surface Z,". The
normal deviations m; of the working gear and
standard gear tooth surfaces at grid points can be
obtained by solving the following simultaneous
system of equations:

m =N, (zg—z;)

X, +E, =R, i=12..,p

z =7

(20) (19)

As illustrated in Fig. 7, the standard working
gear surface, drawn as a flat grid mesh of thin black
lines, is the datum for comparison with the modified
tooth surface, which is drawn in thick red lines. The
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total number p of mesh grid pointsis p = 5 x 5 = 25,
with a 5 x 5 mesh on each of the two surface sides
shown. The outward normal deviation indicates that
the modified tooth surface is thicker than the standard
tooth surface, whereas the normal deviation
topography reveals the differences between the work
piece and standard gear tooth surfaces. The mesh grid
points can be expressed as follows, where 1, is the
center of the tooth profile and can be defined as
0.5(s +1,). The terms 7, and r, are respectively
the start and end of the active profile.

Tooth thickness
Increase(+) / decrease(-)

5
4 P z+
A
T
L Vso s | R
x
5 P &
° [=e
= S =
= 2 55
8 °le 8
° S
&£ - £
3 1 ng%u
E
D
1 Z-

\— standard gear
workpiece

Fig. 7 Normal deviation topography for the 5 x 5
mesh grid points on tooth surface

We now require a methodology for determining
the design variables (v; — vg) for the tooth surface
modification that optimally approximates the desired
tooth surface topology. The most common methods for
deriving such variables are singular value
decomposition (SVD) and least squares error
estimation (LSE) with a weight method, although a
sensitivity matrix is also required for surface
approximation. Because the sensitivity matrix Mg is
the first partial differentiation of the surface normal
deviation m; with respect to design variables v;, a
change in the normal deviation &m; at the ith point is
a linear combination of the normal deviation change
resulting from varied change &v; in the design

variables. Hence, the desired normal deviation
topography is given (i.e., {dm;} is known):

om,
{om} =M {60} =[6—UJ]{5UI.} (21)

(i=L2.,p;i=12.,9)

where
sm,
Mg = &:nz
6m24
oM,
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w,om, /dv, w,om, /du, W,, 6M,, [ Ov, W, My / du; || Su,
w,om /v, W,om,/dv, .. W, 0m, /ov, W, dm,/dv, ||dv,
W, om, /0v, W,0m,/du, ... W, OM,, [0V, W, OM, [/ Ov, || Suy
W, 0m, /ov, W,0m, [ 0v, ... W,,OM,, [0V, W, M, [ Ov, || SUy
R-tY (z Y
- : .
{w}=01+ —=| + i (i=12..,p)
r—r, b, /2 (22)

Table 2 Basic parameters for the workpiece, standard
gear, grinding worm, and dressing disk

Gear Data

Number of teeth (z,) 19
Normal module (m,,) 35
Normal pressure angle (t,,) 17.5°
Face width (by) 40mm
Helix angle (8,) 35" L.H.
Outside diameter (rq,) 88.5315mm
Root diamerter (r,.4) 72.4315mm
Normal circular tooth thickness (S ) 5.4978mm
Normal coefficient of profile shift (x,,) 0
Form diameter 76.2065mm
Grinding Worm Data
Number of teeth (z,,) 3
Outside diameter (r,,) 200mm
3.1472°
Lead angle (4,,) LH.
Center distance (E,,4) 136.2160mm
Crossed angle (¥v4) 121.8528°
Use area length (b,,) 48.1042
Dressing Disk Outside diameter (r44) 123mm
Dressing Disk Center distance (E4,,) 153.45mm
Dressing Disk Crossed angle (¥ 4,) 3.14723°
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Table 3 Tooth flank sensitivity topographies for
changes in the design variables, 6 = —0.05
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can be

Although the sensitivity matrix Mg
calculated using numerical differentiation, because the
number of grid points is higher than the number of
design variables, the matrix is nonsquare. Hence,
changes in the design variables in system Eq. (23) can
be solved optimally by using a linear regression
technique such as LSE:

{o,} =[] {w m}

(i=12.,p;j=12.,9)

(23)
To depict the changes in tooth surface
topography  resulting from  design  variable

modification, we use a numerical example based on
the basic workpiece, grinding worm, and dressing disk
data listed in Table 2. And Table 3 reports the tooth
surface sensitivity topographies &m; for each
modified design variable 8v;. Because the sensitivity
matrix is nonsquare and generally ill-conditioned, we
avoid numerical divergence by applying SVD to a
pseudoinverse of sensitivity matrix Mg, which can be
split as follows:

[M¢]=uw V' (24)
[IM{]=VvwWU" (25)

where U and V comprise a unitary matrix, and W
is a diagonal eigenvalue matrix with nonnegative real
numbers on the diagonal. The design variable changes

in system Eq. (25) can be solved using SVD as follows:

{ov,}=[M J{1,} (=

2,..p;i=12.,9) (26)

where W™ is the pseudoinverse of W, which is
formed by replacing every nonzero diagonal entry

with its reciprocal and transposing the resulting matrix.

The modified value I; on the mesh grid points of a
tooth surface can be expressed as follows, with the
superscript representing loop times:
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(i=12.,p)
@7)
where
Q,; additional pressure angle
Q,, profile crowned value
Q,, lead conical value
Q,, lead crowned value

By calculating the difference between the
calculated and modified tooth surface as input at the
next representing loop. The coefficient and total error
of the loop can be expressed as shown Fig. 8 to obtain
the correct coefficient through the loop operation. The
design variable v; is set at zero in the first trial, and
the change in the design variable év; is calculated
using Eq. (26) with the given residual error topography
{6m;}. The modified design variables v; — év; and
the corresponding gear generating motions are
calculated by substituting v; —dv; into the
polynomials (Egs. (4), (8), and (20)) to derive the final
equation of the machine settings. The aforementioned
process can be repeated iteratively until the residual
error topography {ém;} is within a certain tolerance
or remains unchanged.

Pre—calculated i=12...p
wol-on ) | 50
n=1

Recalculation

Topography
m’ (z =) for} =] {27
‘ e L md__n_ 0
I, + VT =YY
l z, n=n+1
T|£'z—£"1 > &
Next Input

“Total errors
f)
ey
)

L 2

|g"—e™ g e,

Finish Loop

I'=1"-wm’

£, accepted sum errors value

Fig. 8 Convergence loop flow chart

NUMERICAL EXAMPLES

We validate our proposed TDM tooth surface
modification method by using three numerical
examples, the first two of which involve typical lead
double-crowning and conical as the target tooth
surface modification but entail using a conventional
radial feed method and the TDM method, respectively.
In both examples, the twist of the tooth flank is greatly
reduced.

The third example, by contrast, has different
processes on the left and right tooth surfaces with the
modified lead and profile as the target tooth surface


https://en.wikipedia.org/wiki/Multiplicative_inverse

modification topology; however, it employs a TDM,
which has been shown to be effective for tooth
modification.

Example 1

This example uses a 19-tooth, 35° R.H. helical
working gear ground by a three-starts grinding worm,
whose basic data (working gear, grinding worm, and
dressing disk) are listed in Table 3. The target tooth
surface modification is shown in Table 6, whose left
column lists the normal deviation ém; at each grid
point.

Table 4 Modified values in the profile and lead
directions for the workpiece in example 1

tooth  Presure Profile Lead Lead
angle crowned conical crowning
_ Qs 0, 0 0
right 0 0.005mm 0.025mm 0
left | 0 0.005mm 0.025mm 0

K <]

Fig. 9 Tooth surface deviation topography double
crowning through TDM

As shown in Fig. 9, the TDM method can be used
in a modified double-crowning tooth case. The
convergence errors are shown in Fig. 10. This
convergence method can markedly reduce the error of
the pseudoinverse matrix. As Fig. 9 shows, the
modified tooth topology is very close to the target
tooth surface. Obviously, the twist on the crowned
tooth surface was dramatically reduced.

The simulation results are shown in Figs. 11-14.
The profile modified of dressing disk is shown Fig. 11.
The tangential dressing feed motion as shown in Fig.
12 and the surface deviation topography of the
grinding worm is shown in Fig. 13. The additional gear
rotation angle is shown in Fig. 14.

Fig. 10 Total errors in a convergence loop

J. CSME Vol.42, No.5 (2021)

Rignt Dressing Disk Profile

Dressing Disk ¥ mm

Flg 11 Modified value of the dressing disk proflle

Dressing Variable-Z worm grind Polynomial

Additional Z Feed
Zw mm
o
o
A
|

Dressing Feed(X) mm
Fig. 12 Tangential feed variables in the dressing
process (TDM)
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Fig. 13 Surface deviation topography of a grinding
worm
L _ C Axis Curve-Table
E ooz
-
g L T
- T
E -30 -20 -10 ° 10 20 20

Axial-Feed (zjmm
Fig. 14 Additional gear rotation angle feed variables
in the grinding process

Example 2

The basic working gear data and target tooth
surface modification, shown in Table 5, are the same
as those in example 1. However, the tooth surface is
modified using the proposed TDM, whose feed
variables are solved using SVD (Table 4). We verify
the effectiveness of the proposed TDM by using a
large conical tooth surface modification. The basic
working gear and grinding worm data are the same as
those for example 1. The modified value of the tooth
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surface topology is shown in Fig. 15.

Table 5 Modified values in the profile and lead
directions for the workpiece surface in example 2

Presure Profile Lead Lead
angle crowned conical crowning
_ o O, Q,, 0y
right 0 0.005mm 0.050mm 0.100mm
left 0 0.005mm 0.050mm 0.100mm

Again, the tooth surface is modified using the
proposed TDM with the design variables solved using
SVD. Not only is the modified tooth topology very
close to the target tooth surface topology (Fig. 15), but
the maximum error of approximately 0.3 pum is
negligible. This outcome clearly demonstrates that the
proposed TDM is valid for conical tooth surface
modification.

Input Sucface

3 2T
A oy
e
L 1= .5

L1171

R
i

Workpiece Surface

Fig. 15 Tooth surface deviation topography modified
by TDM

CONCLUSIONS

Conventionally, the tooth flank of a ground
helical gear is crowned by adjusting the radial feed of
the grinding worm while the grinding worm is moving
axially with respect to the working gear in a modern
CNC gear generating grinding machine. However, the
tooth flank of a helical gear crowned using this
modified radial feed method is frequently twisted
when the amount of crowning and the helical angle of
the gear are large. Hence, we propose a tooth flank
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modification method for helical gears that involves
using a diagonal (combined tangential and axial) feed
combined with gear rotational angle modification in
the grinding machine. The used grinding worm is
obtained by adjusting the tangential dressing feed of
the dressing disk with respect to the grinding worm’s
rotating angle. Based on our two numerical examples,
the proposed TDM method is easily implemented for
tooth surface modification in a general CNC gear
grinding machine because all the corrective motions
are existing CNC controlled axes in modern CNC
machines. The proposed TDM method is effective in
modifying tooth flanks, even with combined lead,
profile, tapered, and pressure angle changes. The
flexibility and effectiveness of mitigating twisted tooth
flanks are superior to those of the conventional
modified radial feed method for tooth crowning.
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NOMENCLATURE

normal pressure angle

face width of grinding worm

face width of gear

helical angle of gear

change in the normal deviation

. change value of design variables

center distance between dressing disk and
grinding worm

center distance between grinding worm and
workpiece

tangential feed when grinding

radial feed when grinding

cross angle between dressing disk and
grinding worm

cross angle between grinding worm and

Yau

YVaw

J. CSME Vol.42, No.5 (2021)

workpiece

lead angle of standard grinding worm
normal module

gear ratio of grinding worm and workpiece
The total number of mesh grid points
screw parameter of the standard grinding
worm

The actual crossed angle between grinding
worm and workpiece

the rotating angle of grinding worm

the rotating angle of workpiece

rotation angle of grinding worm

End of active profile (EAP)

the center of tooth profile

pitch radius of dressing disk

pitch circle radius of grinding worm

pitch circle radius of gear

Start of active profile (SAP)

line parameter of dressing disk

tooth thickness of the gear normal surface
angle parameter of dressing disk
tangential feed parameter

axial feed parameter

comprise a unitary matrix of SVD
comprise a unitary matrix of SVD

i=1 ~3, i order coefficient of dressing disk
profile parameter

i=4~5, (i-2) order coefficient of dressing
variable lead parameter

i=6~9 , constant of grinding crossed angle ,
radial feed design , 2™ and 3" rotation angle
parameter

diagonal eigenvalue matrix of SVD
profile shift of the gear

axial feed parameter

Thread number of grinding worm

Tooth number of gear

topography grid mesh points in face width
direction

BAIR S BRI 2
e B 3 IS G G

=

e 1 IR E S Hed g P
BFoay A mmphe &
@i”ﬁ KA, B FER TR o [T

g RS el

v
-

.

3

f/‘

~

>
P

@

3

3

[EX

/

*=

'}

Z

11

:ﬁ‘\;«;
b

A. F\\

i
@

zxl

m ®/ W
1“> @* *
!

—

e

%]

-518-



G.-H. Chen and Z.-H. Fong: Helical Gear by Using Modified Tangential Dressing Motion.

oA iR D - BEER e G A3 3
EH R IO R B T TRR S (T
el d i e fedhe B EEL KRB FEA KBS G
(TDM) o Ie P X R BR 2 7y P 2 38 Hipde chr o 8
FEE 6 (TDM) T3 & chi3 £y i o d 3597 dg 01 e
TDM = 2 3 2 @& AR S S HmER T BTG D
Tl h o TR 0 B N BT Sk
B s i kG R F R e A2 A BREF
AR IR SBE TR DR e B
Fodlphen TDM %5 5> 2 » kEp & B s
Bk B S e pAd o

-519-



