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Abstract Latest research clearly demonstrates the excel-
lent capability of the gear power skiving technology.
For further improvement of the skiving process and en-
hancement of the process reliability, the fundamental
research on the cutting mechanism of cylindrical gear
power skiving was conducted. First, the kinematic mod-
el of power skiving and mathematical of tapered skiving
cutter were established according to the engagement
principle of crossed helical gears. Then, the simulation
process and chip deformation mechanism were devel-
oped. Based on the proposed modeling, we investigated
the cutting mechanism, including the cutter top rake
angle related to the cut strategy, skiving accuracy with
respect to the gear number, and tooth ratio. The results
support the skiving cutter design and process optimiza-
tion and are an important basis for the implementation
of the advanced gear process.

Keywords Cylindrical gears - Power skiving - Tapered
skiving cutter - Cutting mechanism

Abbreviations

X Setting angle of the cutter

o Helix angle of workpiece

05> Helix angle of cutter

v Cutting velocity

Vi Speed of skiving cutter

1 Speed of workpiece

Via Axial speed of skiving cutter

Vi Tangential speed of skiving cutter
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Ve Resultant speed of workpiece

o> Axial feed of workpiece

wy Angular velocity of skiving cutter

ws Angular velocity of workpiece

Awy Incremental angular velocity of w;

m, Normal module of tooth

01 Helix angle of skiving cutter

[653 Helix angle of gear

Z, Teeth number of cutter

Z, Teeth number of gear

i Ratio between cutter and gear

a Center distance between the cutter and workpiece
b Axial incremental movement

01, P2 Rotation angles of skiving cutter and workpiece
ny, no Rotation speeds of skiving cutter and workpiece
(u, 0) Surface parameters

P Screw parameter

rp Radius of base circle

09 Half angular tooth thickness on the base circle
b Width of gear

p Screw parameter of helical gear

JA Axial feed per gear rotation

op Radial feed of cutter

hp Nominal maximum chip thickness

Yz Top rake angle

o, Top relief angle

A Side relief angle

Fg Lead deviation of gear

1 Introduction
It has been known that the power skiving process for machin-

ing internal gears is multiple times faster than shaping, and
more flexible than broaching, due to skiving’s continuous chip
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removal capability. The patent of the skiving process was
assigned in the beginning of the 20th century. However, the
method was not implemented at that time because power skiv-
ing has always presented a challenge to machines and skiving
cutters. M. Kojima [1, 2] has studied the productive method in
1974; the geometrical relationships between skiving cutter
and spur gears were analyzed according to the analytical the-
ory of tooth profile, and the clearance angles of skiving cutter
were investigated numerically. With the improvements in nu-
merical control of direct drive train, stiff electronic gearboxes,
complex tool geometry, and the fast coating technology, latest
research demonstrates that power skiving is capable of being a
high-productive and flexible alternative to the advanced tech-
nology in market [3, 4].

The current developments were initiated at the Institute of
Production Science with a numerical method to calculate the
tools [5]; the power skiving was considered as a contemporary
gear pro-machining solution and the economic and environ-
ment friendly aspect of the power skiving process were ex-
plained. The subsequent methodical experimental analyses
indicated the potential and advantages as mentioned above
[6, 7]. Volker [8] established a 3D-FEM model of gear skiving
to investigate the kinematical conditions as well as chip for-
mation mechanisms and evaluation of the effects on process
reliability. Hartmut and Olaf [9] proposed a semi-completing
skiving method and apparatus for gear power skiving, then
[10] they provided a new method to improve the uniformity
of load to both flank cutting edges and extend the longest
possible tool service life. Li and Chen [11, 12] proposed a
slicing technology for cylindrical gears to improve the limita-
tion of current gear machining method for inner gear. Then
[13, 14], a design method of error-free spur slice cutter was
obtained; the structure of the rake face was determined accord-
ing to technological realization of the design, manufacturing,
and tool grinding. Although they laid a foundation for the
study of spur cutter optimization and tool life, the more com-
plex tapered skiving cutter was not designed and calculated.
Stadtfeld [15] presented an optimal opportunity for the skiving
process, including the power skiving machine setup defini-
tions, optimization of chip load, high-speed carbide cutter
for power skiving, cooling method, and measurement results.

This work aims to investigate the cutting mechanism, in-
cluding the principle of power skiving, design of tapered skiv-
ing cutter, chip formation, and skiving accuracy with respect
to the workpiece and cutter parameters.

2 Principle of gear power skiving
Skiving is a continuous chip removal method for universal
gear manufacturing. In this manufacturing technology, it is

performed different from hobbing and sharping. A tool is
placed in a cross-axis angle relative to the workpiece, similar
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to the shaving process; chip building is initiated by the relative
velocity between tool and workpiece. The geometric setup of
a skiving cutter relative to an internal gear is shown in Fig. 1.
Consider that Cartesian coordinate systems S;(O1-x1,)1,21)
and S»(0,-x,,25) are rigidly connected to the coordinate of
workpiece and skiving cutter, respectively. The front view of
the generating gear system is shown in the upper graphic, the
internal gear is oriented in the coordinate system S; with its
axis of rotation collinear to the z;-axes, and the skiving cutter
is oriented in the coordinate system S, with its axis of rotation
collinear to the z,-axes. The cutter center is positioned out of
the center of xy plane by a radial distance vector a. The pitch
circles of the gear and cutter contact tangentially at the lowest
point of the pitch circle. The top view, which shows the tool
shaft angle J’ between workpiece axes and skiving cutter axes,
is drawn below the front view. In case of spur gear, the stroke
motion vy® is directed in line with the z;-axis. The workpiece
and cutter perform with an angular velocity w; and w;,, respec-
tively. When the axial feed motion vy® is increasing, the
workpiece rotates about z;-axes by ¢ and the cutter rotates
about z,-axes by ;.

The cutting velocity v, results form positioning constraints
during the rolling of the generation train and uses the resulting
relative movement of workpiece and skiving cutter. Therefore,
the cutting velocity depends on the number of revolution of

Front View

Top View

Fig. 1 Kinematical principle of power skiving for an internal cylindrical
gear
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the generation train and the shaft angle. As shown in Fig. 1,
the cutter velocity v, is divided into the axial speed v,, and
tangential velocity v,,. Then, the tangential velocity v,, and the
workpiece v, result in the resultant tangential velocity v.. Con-
sequently, the cutting velocity v, results from the axial speed
v,, and the resultant tangential speed vy.

In case of working a helical gear, the stroke motion is
oriented in z;-axis direction, but an incremental angular veloc-
ity Aw;, which depends on the axial feed, has to be added to
wi. The incremental angular velocity of workpiece, Aw;, is
determined by the following equation:

B 2v(()2) sinf3;

Aw1
myZg

(1)
where v,® is the axial stroke feed, m1,, is the normal module of
tooth, Z, is the tooth number of workpiece, and Z, is the tooth
number of skiving cutter.

Therefore, the relationship between the angular velocity of
workpiece and cutter and axial feed satisfies the following
relation:

7 72v(()2)sinﬁ1

2
7. mZ, @

w1
On the contrary, if the workpiece provides the incremental
movement, the relation can be represented as

Zy 72v(()2)sinﬁ1

w2 muZ,

3 Calculation of skiving cutter profile
3.1 The equation of meshing

Skiving process can be investigated as a pair of helical crossed

gear engagement, so the tool profile should satisfy the equa-
tion of meshing [16], [17]

W12, =0
(wm AD_p@ o @) vg”—vg”)-n —0 (4)

(12)

The relative velocity v~ is expressed as

12)

v = (~wiy—wrzsinX + wyycos )i + [wix—ws (x + a)cosZ—vpsinX]j

+ w2 (x + a)sinX + vo;—vgacos Xk

©)

Consider that the tool surface is represented by the vector
equation
v = r(u,0) = x1 (u,0)i +y,(u,0)j + 21(u,0,p)k  (6)
where (u,0) are the surface parameters; p is the screw param-

eter in the screw motion about the z; axis. The normal to the
surface is represented as

iy i ki

o o) a0 o 0n
nt=——=x =|0u Ou Ju
S A R T
o0 00 o0

= ng)il + n;l)jl + nﬁ”kl (7)

Combining the relative velocity in Eq. (5) with the vector
equation in Eq. (7) yields the following meshing equation

n(l){(—y—izlsinZ + iyycos X)wi + (—i'sinX + i'ycos Z)voo }+

nﬁ,l){(y—izl (x + a)cosX)wy + [iz1 (x + a)cos X—sinX]vo, } +
nV{ (g1 (x + a)sinX)wy + [ia1 (x + a)sinZ—cos vy} = 0

zZ

(8)

where i,; indicates the ratio between workpiece and skiving

cutter, i’ = 2:1'“231, (3 is the helical angle of workpiece.
According to the Principle of Gearing [15], the angular

velocity w; and the axial feed vy, are independent with a

two-degree-of-freedom engagement movement, thus

nN (—y—iy;sin % + iy ycos ) + nﬁl)(y—im (x + a)cos X)) 4 n) (iy; (x + a)sin¥) = 0 9)
M (=i'sin 2 + i'yeos X) + n{! (=i (x + a)cos X-sinX) + n!) (iy; (x + a)sinL—cosX) = 0

. . . . Uicosp, =V sinp, = W,
After the coordinate transformation, the meshing equation { Ucosip,—Vasing, — I (10)

is represented as follows:
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where

Ui =iy (—zln( )smE—an( Jcos X +x1n( >sin2)

Vi=1in (—zln siny + an Deosy +y1n st)

W1 = (1-iz cosX) <y1n£])—x1n(,l)> azlzn( Jsin X
Uy=1i (*Zln( )sinX— anﬁ Jcos X —|—x1n< >51n2) { )st
Vy=1i ( —zin,, )smﬂ + an< cosX +y1n( )st) (-1 sin}/,
Wo=—i (yln)(q —xlnﬁp)cosﬂ + (cosX—ai'sinX) ng)

When the angle ¢, is given, there is one solution (u,6)
meets the requirements of Eq. (7). Equations (4), (5), (7),
and (7), yield

yinlD=xin(D }’Z(ll)COSE + n{lsinZcosp; + nl)sin Tsing,

(11)

121 i

3.2 Equations of tooth profile

Equations of gear tooth profile in transverse plane is repre-
sented as

(12)

xo = rpcos(og + u) + rpusin(og + u)
Yo = rpsin(og + u)—rpucos(oy + u)

where r,, is the radius of base circle; oy is the half of angular
tooth thickness on the base circle.
The normal to the transverse tooth profile is

{x;) = rycos(og + u) (13)
Yo = rpsin(og + u)

Using the coordinate transformation, we obtain the tooth
profile by the equations

x1 = %0€08(0 + ;) + yosin(0 + ;)
y1 = Xosin(0 + p;)=yocos(0 + ;) (14)
=p(0+¢,)

1
[xocos(0 + @, )—yysin(f + ¢, )]sinX— (— —cosX +
6 =n") el

Similarly, the tooth profile is obtained in the coordinate
system of skiving cutter by the following equations:

= (x1c08~ysing,; + a)cosp,

[ x18iny,; —i—ylcosgol)cosE—zlsmEﬂ sinep,
—(x1c08¢0,—y,sing, + a)sing, (15)
(v1sing, +ylcosg01)cosZ—zlsinZ>} COS(p,

zy = (xysing; + y cosp; )siny 4 zjcos X—1,

|—|

where [, is the incremental movement of cutter.
3.3 Equations of cutting blade in normal plane

Due to the top rake angle ~, on the front face of skiving cutter,
the cutting blade on the front face can be calculated by

(x3 + r)tany, + y,sinX—zycos X = 0 (16)

where 7 is the radius of skiving cutter in pitch circle; ~, is the
top rake angle.
Equations (9), (13), and (14) yield the cutter blade

= (x1c08¢;—y;sing; + a)cosp,
[ x18ing, +y1cos<p1)cosE—zls1nE>} singy,
Vo = —(x1008, —ysing; + a)sing,
+ [ (x18ing; + y, coswl)cosE—zlsinﬂ)}coswz
z9 = (xysing, + y,cosp, )siny + zjcos X—1,
(x2 + r)tany, + y,sinff—z,cos3 =0
»n n( )—xln“) al )cosE + n( )stcosgo] + n( >s1n27s1ng01

(17)

i91 i

According to the meshing Eq. (9), xo, Yo, ng), n}}), and ng)
are relative to the parameter u, and p, X, i”, and i, are con-
stant. Therefore, assume that u is equal to (f+ ;); we can

solve the parameter u.

ai'coty a
: p+ S

121

inXY

a P?[xpsin(0 + @) + yycos(0 + ¢))]sin2

Then, substituting Eq. (9) into Eq. (7) yields the
tooth parameter 6, that is #=60(u), so the rotation
angle ¢, can be derived by subtracting 6 form (0+

@ Springer

(18)

©1). Consequently, we obtain the cutter blade equa-
tions by substituting the parameters u, 6, and ¢, into

Eq. (15).
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To facilitate manufacture and measure for cutter profile, the
normal cutting blade not only parallel to the front face but
perpendicular to the direction of cutter surface should be cal-
culated (Fig. 2). The normal cutter profile in the section of N-
N is represented as

XN = —X2C087Y, + y,siny,sinX—z;siny,cos X
Yy = Vpc08X 4 z3sinX)

(19)

4 Power skiving process and simulation
4.1 Skiving process simulation

The tapered skiving cutter can be achieved according to the
cutter profile in Eq. (17). Fig. 3 presents the cutting blade
definitions and graphics in skiving process, f, is axial feed
per gear rotation, a,, is radial feed, 4 is nominal maximum
chip thickness, ~, is top rake angle, «, is top relief angle, )\, is
side relief angle, Y'is shaft angle, n; is cutter rotation, v, is axis
in-feed velocity (Fig. 4).

4.2 Chip deformation

Considering the chip removal capacity and the working
efficiency, an in-feed strategy for optimized chip forma-
tion is produced with 5 cuts based on an oscillating mo-
tion between the leading and trailing flank per cut. The
Ist cut depth is 1.75 mm, the 2nd cut depth is 1.5 mm, the
3rd cut depth is 2 mm, the 4th cut depth is 1 mm, and the
5th cut depth is 0.5 mm. Fig. 5 presents the in-feed strat-
egy and chip deformation mechanism with different cuts.

Fig. 2 Calculation of normal cutting blade

Skiving cutter Cutting slot

K

Side relief
surface

Z | ———
/ ! 2
Front face <
Cutting edge I e o,

Fig. 3 Cutting blade definitions and graphics

Power skiving chips with a 5x magnification are
shown in Fig. 6. The 1st chip is a side I-sharped chip
from the 1st cut of a module 3.0 mm gear with a
1.75 mm feed. The 2nd chip is L-shaped from the 2nd
cut with a 2 mm feed. The 3rd and 4th chip is U-
sharped, which means the side chips and the bottom
chip have not been separated. This chip is from the
3rd and 4th cut. The 5th chip is from a finishing cut
with a 0.5 mm feed. Fig. 6 shows the chips of different
cuts. The upper of the chips are thinner than the lower
of chips, and a crack in the middle of the rolled-up
sidewall can be observed. The chips deformation indi-
cates that the left channel wall has a more complex
shape than the right side (see Fig. 5), and the skiving
kinematic provides slightly different cutting conditions
on both flanks. The different chip thickness explains
the difference of cutting lines above.

The chip deformation from the different cuts shows on the
same level of cutter related load to a different sharp of the
chips. The shown U-sharp chips are on a high level of colli-
sion by themselves, and the chip flow area is very close to the
cutting edge, which will increase the cutting forces. By gen-
eration, only L-sharp or I-sharp chips, the level of chip flow
interference is reduced. The chip flow area on the rake face is
larger distance from the cutting edge, and due to that effect,
the cutting forces will be decreased.

5 Cutter top rake angle

According to the principle of metal cutting, cutter’s rake
angle relates to the tool’s wear and strength. The more
the rake angle is, the more the cutting forces. However,
the increasing rake angle will increase the tool’s wear.
So, a proper rake angle should be taken into
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Skiving cutter

Fig. 4 Skiving process simulation

consideration during the cutting process. The graphic in
Fig. 7(a) shows a typical plot of the cutting top rake
angle when performing a 5-cut strategy. Since the sweep
locus of cutter top is the elliptic equation from the side
view of workpiece, see Fig. 7(b), we can obtain the

Fig. 5 In-feed strategy and chip
deformation mechanism

(a) 1" cut
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Feed marks
on flanks

cutter top rake angle in Eq. (18) by the differential
geometry relationship.
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Fig. 6 Chips of different cuts

n
Where a = Q’ngz’z—l.25m,, + Y a,(i), b=a-sinX, ay(i) is
i=1

1— ap (i)
n
ak1.25m+ 2, 4y ()
i=1

The top rake angle is determined by the shaft angle and the
tooth number of cutter, see Fig. 8. When the shaft angle is
increasing, the top rake angle is decreasing. When the cutter
tooth number, as well as the diameter of cutter is increasing, it
also decreases the top rake angle. At the same time, more cuts
induce a decreased top rake angle. Therefore, a better cutting
condition with respect to the top rake angle can be obtained by

cut depth in cut strategy, t = acos

Skiving cutter

th
i STicut| 3
|
| -4
i -
/S S/ /S / /
| SIS S SN th -5
| /////// 4™ cut
ny! pe i -6
A % 3" cut
———————4 7

1¥ cut 2 cut
¢V0() 97/ 99 100 101 102 103 104 105 106

(a)

(b)

Fig. 7 Calculation of cutter top rake angle

N

setting a larger shaft angle, choosing a larger cutter diameter,
and using more cuts strategy if possible.

6 Skiving accuracy and cutting parameters

As discussed above, the axial stroke motion with an incremen-
tal feed makes the waved feed marks on the flanks. The depth
of feed marks, which induce the tooth deviations on the flanks
and in root, correlate with the different process parameters
such as the tooth ratio between gear and cutter, the axial feed
velocity (Table 1). The power skiving accuracy is evaluated
and calculated exactly by the proposed mathematical model.
However, there are too many figures about lead deviations; the
lead deviations related to the cutting parameters are presented
in Tables 2 and 3.

6.1 Tooth ratio and processing lead deviations

To investigate the tooth lead deviations related to the gear
tooth number, the gear tooth number is divided into the odd
number and the even number. Besides, the tooth ratio between
gear and cutter is considered. Table 2 and Fig. 9 present the
lead deviations related to the tooth number and tooth ratio.
When the cutter feed per gear rotation f,=0.3 mmv/r, for odd
number of tooth Z,=63, very small feed marks (F5=1.3 um)
are possible for gears which have odd number of tooth when a
cutter (Z,=42) with 2/3, the gear tooth number is used. The
tooth ratio can be expressed as Z,*(2/3)=Z,, the greatest com-
mon divisor Zgcp=21, that means every third rotation of the
cutter cuts the same gap every second gear rotation. For even
number of tooth Z,=64, very small feed marks (#3=0.2 um)
are possible for gears which have even number of tooth when
a cutter (Z,=32) with half the gear tooth number is used. The
tooth ratio can be expressed as Z,*(1/2)=Z,, the greatest com-
mon divisor Zgcp=32, that means every second rotation of
the cutter cuts the same gap every gear rotation.

Besides, if the tooth ratio is about half number of gear
except for the gear number is even and the tooth ratio is
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Fig. 8 Top rake angle related to 60

cutter setting angle and cutter
tooth number
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exactly the half number of gear, then the lead deviations are
larger than others. For the odd number of tooth Z,=63, see
Fig. 9a, when the cutter number is 30, 31, 32, and 33, the lead
deviations up to the most (#3=20.2 um). For the even number
of tooth Z,=64, see Fig. 9b, when the cutter number is 31 and
33 (except 32), the lead deviations up to the most (Fg=
20.2 um).

Since the tooth ratio between gear and cutter determines the
lead deviations on the flanks, the tooth accuracy can be

Table 1  Basic parameters for power skiving process in the numerical

example

Items Units

(I) Workpiece data (spur gear)
Tooth number Z, 63 -
Module m,, 3 mm
Pressure angle o, 20 deg
Addendum circle d, 183 mm
Dedendum circle dy 196.5 mm
Gear width b 50 mm

(I) Cutter data (tapered cutter)
Tooth number of cutter Z, 21 -
Module m,, 3 mm
Helix angle /3, 20 deg
Top rake angle , 5 deg
Top relief angle o, 12 deg
Side relief angle \, 4.5 deg
Outside diameter d, 74.723 mm

(IIT) Machine setting data
Shaft angle X 20 deg
Setting distance a 26.957 mm
Rotation of gear n; 1000 r/min
Rotation of cutter 7, 1500 r/min
Chip thickness € 0.25 mm
Axial feed of cutter f, 0.3 mm/r
Processing time ¢ 2.5 min

24 28 32 36 40 44
Cutter tooth number Z,

(b)

35

improved by selecting the suitable cutter tooth number. For
one thing, regarding high workpiece flanks quality, the cutter
number should be divided with the greatest common divisor.
For another thing, it is required to avoid using a cutter with
half the gear tooth number except that the gear number is even
and the tooth ratio is exactly the half number of gear.

6.2 Axial feed and processing lead deviations
Reducing the axial feed per gear revolution can further

reduce the depth of feed marks. The lead deviations relat-
ed to the axial feed of cutter are given in Table 3 and

Table2 Lead deviations related to the tooth number and tooth ratio/um

Even number
Z,=64, £-=0.3 mm/r

Odd number
Z,=63, £-=0.3 mm/r

Z; Fgin root F on flanks F5in root Fg on flanks
42 1.3 0.4 73 2.4
41 6.1 2.0 6.6 22
40 7.5 2.5 3.8 2.4
39 59 1.9 5.7 1.8
38 6.3 2.1 5.7 1.8
37 7.2 24 59 1.9
36 59 1.9 7.5 2.5
35 7.8 2.6 10.7 35
34 13.0 43 16.6 54
33 19.7 6.5 20.2 6.7
32 20.2 6.7 0.2 0.13
31 20.2 6.7 20.1 6.7
30 18.5 6.2 15.5 5.1
29 11.9 39 9.9 33
28 7.5 2.5 73 2.4
27 35 2.5 6.6 22
26 7.8 2.6 6.1 2.0

@ Springer



Int J Adv Manuf Technol (2015) 79:541-550

549

Table 3 Lead deviations related to the axial feed of cutter/um

Z,=63,Z,=36 Z,=64, Z,=32

JA Fj in root F 5 on flanks F3in root Fg on flanks
0.1 0.7 0.2 0.08 0.03
0.2 2.6 0.9 0.12 0.09
0.3 59 1.9 0.2 0.13
0.4 10.4 34 0.35 0.21
0.5 14.1 4.7 0.7 0.4
0.6 15.9 5.3 1.1 0.53
0.7 18.0 6.0 1.7 0.7
0.8 20.0 6.7 2.3 0.9
0.9 20.2 6.7 2.9 1.2
1.0 20.4 6.8 3.1 14

Fig. 10. As the amount of axial feed is increasing, the lead
deviations are increasing. For example, when f,=0.5 mm/r
and Z,=63, Z,=36, the tooth lead deviation F3=14.1 um.
However, when f£2=0.5 mm/r and Z,=64, Z,=32, the tooth
lead deviation F3=0.7 pum. Hence, the feed marks on

flanks are relative to the axial feed and the tooth ratio.
For the number of gear and cutter with the greatest com-
mon divisor, the processing efficiency should be taken
into consideration by selecting a larger axial feed. If the
number of gear does not match an existing cutter number,
then the axial feed has to be chosen until the lead devia-
tions meet the processing requirement. However, if the
axial feed is so little that it is also against the cutting
process, not only the cycle time is increased but also a
tiny chip increases the level of chip flow interference.

7 Conclusions

This paper has established a kinematic model for the latest
power skiving technology. Based on the principle of power
skiving and mathematical model of tapered skiving cutter, we
investigated the cutting mechanism, including the process
simulation, chip deformation, cutter rake angle, and skiving
accuracy with respect to the gear and cutter parameters. The
performed investigation allows to make the following
conclusions:

Fig. 9 Lead deviations related to 25¢ S— 251 S
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(1) The chip deformation from the different cuts shows the
cutter load to a different sharp of the chips. U-sharp chips
are on a high level of collision by themselves and may
increase the cutting forces. L-sharp or I-sharp chips can
reduce the level of chip flow interference.

(2) When the shaft angle and the cutter diameter is increas-
ing, the top rake angle is decreasing. A better cutting
condition with respect to the top rake angle can be ob-
tained by setting a larger shaft angle, choosing a larger
cutter diameter and using more cuts strategy if possible.
(3) The tooth ratio between gear and cutter determines the lead
deviations on the flanks. Regarding high flanks quality, the
cutter number should be divided with a greatest common
divisor, and it is required to avoid using a cutter with half
the gear tooth number except that the gear number is even
and the tooth ratio is exactly the half number of gear.

(4) Reducing the axial feed of cutter can further reduce the
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