[42] Skiving cutter design system (English ver.)

Fig.42.1 Skiviné.cqltmfer design system

421 Abstract

Power Skiving, a type of gear cutting method for cylindrical gears
(external gears, internal gears), has passed 100 years since the patent was
established in 1910. However, in recent years, this construction method
has been reviewed and special machines have been sold both in Japan
and overseas. In addition, gear processing is not a gear cutting machine,
but in recent years, spiral bevel gears and special gears are also being
machined at machining centers (catalog (vol.16), page 41 pictures).

Power skiving can be processed with a high-performance machining
center if the tool mounting angle (crossing angle, taper angle) and even
the tool tooth profile are decided. The Skiving cutter design system is a
software that can generate a tooth form of a tool (pinion cutter) from gear
specifications and tool mounting angle. In addition, the generated blade
shape can be generated as an approximate involute blade shape. Fig.42.1
shows the whole screen.

422 Software structure

Table 42.1 shows the configuration of the Skiving cutter design system.

QO inTable 42 is included in the basic software, © is optional.
Applicable gear: involute flat, helical gear (external gear,
internal gear)
Table 42.1 software structure

No. Item Page | Structure
1 | Gear dimension 42.3 O
2 | Tool dimension 424 O
3 | Tooth profile (gear, tool) 425 O
4 | Setting software (2D) 426 O
5 | Tooth profile rendering 427 O
6 | Generating profile 428 O
7 | Tooth profile-output 429 O
8 Approximate involute profile 42.10 O
9 | designdata - O

10 | Chipshape 4212 ©

11 | Tool reviewing 4213 ©

12 | Chamfering (R, C) 4214 ©

O : included in the basic software, © : optional software

423 Gear dimensions

When the work gear is an internal gear, the gear specifications are set
as shown in Fig.42.2 and Fig.42.3. The dislocation coefficient has a
direct input method, a tooth thickness, and an over ball (between ball)
dimension. An example of an external gear is shown in 42.11.
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> Gearsetting == e
| Gearkind | @® Internal esar O External gear - - —
o [T Profile shift coefficien -~
IS 7 ) T hift coefficient
Normal module 3.00000 | Baze tangent length
Humber of teeth : |- o6 Betweer distance
Hormal pressure angle an | des 2000000
Helix anele & [dee [26]'[a0] 0.00]
Helix direstion — [ ight hand v
Reference diamster 4 | mm 2212458
Bisse diameter db | mm 204.5441 /
Input type of tooth thickness | —— | — | Profile shift cosfficierl v
Normal profile shift coefficient | xn | —— 1.25000 | M
Spanned teeth number Zm | — il
Base tangent leneth W | mm 97.30859
Measwement ball diameter | dp | mm 5. 02600
Between distance dm | mm 11587057
Toath thinning for backlssh | fn | mm 0.0000
Tip diameter da | mm 1167459
Floot diarmeter & | mm 1302453
Root R R | mm 1250 |
Face width b | mm 300000
Gancel || Back || Standard || Glear

Fig.42.2  Gear specification (internal gear) Flg 42.3 Chamfer

" Result of gear dimension EI = @
e ol e ]
Transverse module 3.8622
Transverse pressure angle at dEg 22,1318
Baze cylindical helix angle 8b deg 24,7897
#xial direction pitch pt mm 2.1824
Lead pz mm 1394.0738
Tooth depth h mm B.7500
Cutting profile shift coefficient NG === 0.2500
Min invalute diameter{TIF) dt mm 217.7458
Max involute diameter dh min 228.8901
Normal circular tooth thickness =h min 4. 1664
Transverse circular tooth thickness st mm 4. BBGE
Spanned teeth number zm ===
Basic base tangent length w min 47,2088
Desien base tangent length w' mm 47,3068
Measurement ball diameter dp 5
Bazic between distance dm min 215.9708
Dezign between distance dm' mm 215.9706

Fig42.4 dimensions

424 Tool dimensions

The specifications of the machining tool (pinion cutter) are shown in
Fig.42.5. Here is an example when the tolerance angle during machining
is set to @c = 20 ° with respect to the helix angle of the gear of 26.5 °.
Figures 42.5a and 42.5b show the shape, position and clearance angle of
the cutter, respectively.

In this software, a tool is attached at an intersection angle ¢c and a
taper angle ot, and a tool edge shape when machining the gear of Fig.
42.2 is generated considering the rake angle and side clearance angle. For
pinion cutters during helical gear machining, side rake angle (blade
angle) is not given so that blade grinding is easy.

"® Tool setting EI @ '*‘
I T T T
Mumber of teeth
Grozsed angle ¢ c deg 20.00000
Taper angle @t deg a.00000
Outer diameter Da mm 24,4476
Trner diameter i mim 57.0000
Glearance ckf mm 0.5000
Taooth width b mm 15.0000
Rake angle de deg 5.00000
Front relief angle af deg G.00000
Side relief anele fs deg 2.0000 Bt
Tip R Ra i 0.7000 7
Helix direction -— - Right hand
Wirtual helix angle % deg 6.5000
Wirtual reference diameter dv mm 75,4862 e
Cancel Back Clear

Fig.42.5 Tool specifications ~ Fig.42.5b Cutter position
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425 Tooth profile (gear, tool)

The gear tooth profile is shown in Fig. 42.6, and the pinion cutter
blade shape is shown in Fig.42.7. The blue wire type shown in Fig. 42.7
is the blade shape of the machined end face of the pinion cutter shown in
Fig. 42.8, and the light blue line shows the blade shape of the upper face
of the pinion cutter. The tooth profile has enlargement, reduction,
distance measurement function.
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Fig.42.6 Tooth profile

Fig.42.7 Pinion cutter

Fig.42.7, light blue

D Fig.42.7, Blue line
Fig.42.8 Pinion cutter (tooth shape rendering function)

42.6 Assembly drawing (2D)

Figure 42.9 shows the assembly chart.  Asshown in Fig. 42.10, the tool
point (A, B, C) of the machining coordinate value has the center of the gear as
(0,0,0) origin.
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Fig.42.9 Assembly drawing

"B Tool point coordinate ==

| Point | X coordinate(mm) | ¥ coordinate(mm) |Z coordinate{mm)
* 4

0.0000 115.1128 00000
*B | 0.0000 | 28217 | 22111

[ 5.1303 | 73.6584 | 16.2872
A
; | {
B C \
: .
o ear
z
g ° the origin(0,0,0)
the cel\ler of
N face wilth

Fig.42.10 Machining coordinate value

42.7 Tooth profile rendering

In the tooth shape rendering (Fig. 42.12 - 42.15), it is possible to check
the engagement between the gear and the pinion cutter. ~ As an auxiliary
function, there is a function to move and rotate the tool in the X, Y, Z
direction. Therefore, as shown in Fig.42.13, it is possible to check the
relationship between the tool and the meshing (cutting) of the tool while
turning the tool blade. In addition, it is possible to display only the pinion
cutter as shown in Fig.42.15.

" Rendering (ol ==
Basic operation Deviation Diaplay .
Rotation
Vertical rotation | 111 < >
Horizontal rotation | -8 > DJoN
Zoom -160.00 | < > Step angle
Horizontal shift 0.000 | € >
0.5 ~
Vertical shift -14.800 |« >

Fig.42.11 Tooth profile rendering

"B Rendering EI@
Basic operation  Deviation  Diaplay .
Rotation
(®) Shading (® Tool reference coordinate Mon
) Wire flame () Gear reference coordinate
Step angle
Giear Machining side 0
+.
O [ Tool side >

Fig.42.12 Tool cutting end face (cutting edge) and gear

& Rendering

= fendering == el S on =
Dizpla H Basi tion Deviation Diaplay (%)
Basic operation Deviatin  Diaplay o e e Fotation
@® Shaging ® Tool reference coodinate [ 0N ® Shadine ® Tool reference coordinate [ oN
O e flame O Gear reference comdiate © Wi flame ) Goar reference coordinate
Step gl ep o
A Gear [ Machinirg side s [ Gear .
%] [ Teol sice = O -

Fig.42.13 Rake angle cross section  Fig.42.14 Pinion cutter
42.8 Tooth creation drawing

Fig. 42.15 shows the setting screen of the tooth creation diagram.
Here, Fig. 42.16 shows the tooth creation Fig. When the cutting depth of
the tool during roughing is 5 mm and the cutting depth of the finish is
6.75 mm.

" Tool generating setting == =
ymtollunt] - vale | " Tool generating figure (=N R |
Maz cuttin amount hmaz | mm 6.7500 M oo e
Start cutting ameunt P mm 5.0000 Gear Start  End
End cutting amount h2 | mm 6. 7500
Crossed agle deviation | 4¢G | dee 0.0000
Taper angle deviation AT | dee 0.0000
Taal location deviation X aK | mm 0.0000
Toal location deviation ¥ A% mm 0.0000
Tool location deviation 2 4z | mm 0.0000
Display No.of generating testh | N | — | &1
Gear rotation angle deviation | 48 | dee 0.0000
Desien crossed anele ®C [des | zo.0000
Desien taper ansle OT | dee 2.0000
Gancel || Clear e

Fig.42.15 Creation setting Fig.42.16 Tooth profile
429 Tooth profile file output

You can output the gear tooth form and the tool blade shape as DXF
file and IGES file. Fig. 42.17 shows the tooth profile output setting
screen, and Fig. 42.18 shows the tool CAD drawing example.
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" File output [E3w]

Gear profile | | Toal profils |

Taol profile =
DA 0) () DRF2D tPlane)
O DHFAD (Trigonal pyramid)

gls

(oEs oy © IGES (Side) z 1l sl (e v -
O IGES (Machining side) e FE
(O IGES (Reliet side) A eELEE 25
H 3
T T :
CQutput teeth number 3 ~ H B
,. ]
Interpolation accuracy [ 0.2 | pn 2 -

Division No. of gear's face width 5 B

Output || Gancel

Fig.42.17 Output setting o Ea) Blad'é (smie)

— — . B

23]l

7 EEad MR e e aee anBEeT
e — B ——— ot
(b) Blade (front) (c) Blade (flle merger)

Fig.42.18 CAD drawing example (3D-IGES)

4210 Approximate involute blade shape

Since the blade shape generated in Figure 42.18 can be approximated
as an involute, it can be easily handled when ordering (manufacturing) a
tool. For the blade shape of Fig. 42.18 in this example, as shown in Fig.
42.19, the pressure angle can be approximated by o n = 20.6265 ° and
the helix angle by B = 8 © 30 'in the case of the left cutting edge. As
shown in Fig.42.20, the difference between the approximate blade shape
and the theoretical blade shape is as small as 0.0007 mm in the vicinity
of the cutting edge of the cutter.

" Approsimatety involute ool = @ B | " appronimately imolute oot [ESS o8~
Dinenaion. Tool ofie faure Dinension Teol ecie e
-_mm HEE Zoem PG

Nermal ncchie
Tranayerse mals m :[: i T
Hamber of besih %
Hormal prosare mgle | andee 0. )
Tiarteverss poassins sale | G dee 0,650 .94z
| 5o T O v
.50 3.5
Helix direction Fight hand Fight hard
Reforece dameter To.a A
Baee diamee T e | o
ToR — e
Tio dameter 497 _____4_4———‘ — — T
ot dlameter CE L f -
Tootn depn 7.5
Crossed angle. 20,0000 A
[ oo / N
Fake sl (0 rd N
e ree argie &0
Gantor datancs AT

Fig.42.19 Involute approximate blade shape

Distance measurement X

o Distance= 0.0007mm

Fig.42.20 Difference in approximate shape of involute (distance
measurement)
42.12 Chip shape (option)

Figures 42.22 to 42.24 show the chip shape when skiving is performed
under the processing conditions in Figure 42.21. In the machining
condition of Fig. 42.21, you can set the feed amount, crossing angle and
cutting amount of the tool arbitrarily. The chip shape shown in Fig. 42.22
and Fig. 42.23 shows the shape until one blade of the tool finishes cutting
for the first time. Fig.42.24 shows the state of the gear and rake face, and
Fig.42.25 shows the 2D cutting thickness by 100 times.
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"B Chip shape setting == R
I . T T S
Feeding in eear axis direction mmdrey 0. 0500
Divizion Mo. of rotation anele N - 51
Grozsed anele b deg 20,0000
Desien taper angle @t deg 3.0000
Design cutting amaunt h mm 6.7500

Calculation result

Feeding in axis direction{imm} [ Gear rotation angle(dee) Tool rotation angle(dee)

0.080000 359.987088 950, 400000
0.060002 380.000000 950, 434088
0.018384 186.368748 380.000000

Chip shape(3D) || Ghip thickness(2D) || Chip thickness valus(GSW)

Ganiel Default
Fig.42.21 Cutting conditions
"B Chip shape(3D) = =R <= "B Chip shape(3D) =8ISR
Basic operation Deviation Display Basio operation Devistion Display
(® Shading [ Tool locus(finished machining) [ Chip @ shading [ Teel lecustfinizhed machining) 7] Chip
O tWire flame [ Chipldevide) o ] Ghipldevide)
[ Gear tip cylinder = O e flsme [ Gear tin cylinder T =
[ Gear (] Tool machining side [ Gear Tool machining side =
[ Rake angle cone [ Tool side [ Rake angle cone [4] Tool side
HNumerical value bar 2] Numerical value bar
Unitmm Init:
- iz
0.0240 0.0240
In.nnnn
Fig.42.22 Chip shape Fig.42.23 Gear and chip shape
" Chip shape(3D) [l E s | | chip thickness(zo) (B0 =l =<
Basic operation Deviation Display FyI (= Zoom « |[Thickness display scale | 100
Vertical rotation 58 2 Numerios! valus bar
Horizontal rotation 7

Unitmm

Zoom -660.00

. 0,040
Horzontal shift 2,600
Vertical shift 4,000
Numerical value bar .
Unit:mm
| IR
0.0240 " 1o

Fig.42.24 Gears and rake faces Fig.42.25 Cuitting thickness

AAAAA
VY Y

At | Chip thickness valus(GSV) | in the cutting condition (Fig. 42.21),
the chip shape can be output to the csv file as shown in Fig.42.24.

Fig.42.24 Cutting thickness (csv file)

42.13 Tool sharing calculation (option)

When machining a gear different from Fig. 42.2 with the tool of Fig. 42.18,
calculate how much you can share with this tool. The gear of Fig. 42.25
has the same pressure angle as the gear module of Fig. 42.2, but the
number of teeth and the helix angle are different. Also, if the mounting
angle of the tool is shown in Fig. 42.26, Fig. 42.27 and Fig. 42.28 can be
displayed. Then, if we compare the O portion of Fig. 42.28 with the tooth
profile of the gear specification (Fig. 42.25), we see that the difference is
1.2 um as shown in Fig.42.29. Similarly, measuring the left tooth surface is
0.7 pm.

As shown above, by adjusting the intersection angle and taper angle
even if the tool is different from the target gear, it is possible to minimize
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the tooth profile error so it is possible to share tools. However, in the case
of this example, they match very well, but there are cases where they do
not agree well depending on specifications and conditions. And it is also
possible to analyze the tooth shape rendering table shown in Fig. 42.26
(Fig.42.27) and the chip shape (Fig.42.22) based on the processing
condition (Fig.42.21).

Here we showed examples of internal gears, but external gears can be
calculated in the same way. In addition, tool sharing is calculated on the
2nd screen as shown in Fig.42.30.

"B Gear setting EI = @
m @ Internal gear (O External gear
Hems  Tip chamferine Fig.42.30 Tool shared screen
) T
I | mradul 3.00000
orie mese 4214 External gear example
MHumber of teeth z
Marmal pressure angle an Like the internal gear, the external gear calculates the tool edge shape,
Helix angle # . . - .
T e » the chip shape, and the involute approximate shape. Calculation
Reference diameter 4 | mm 1912318 examples are shown in Fig.42.31 ~ 42.43.
Baze diameter db mm 270.3085
Input type of tooth thickness == === | Profile shift coefficien « B Gear setting =l o sl
Normal profile shift cosfficient | sn | —— 0.25000 | M EECEDITE  Owersicer  ® Exomalcer
Spanned testh number Zm - 14 ems_Tip charferie :
Base tangent length i mm 124.96513 NI e — 3.00000 | | | = Result of gear dimension == SR (~=
Measurement ball diameter dp mm B.02300 Humber of testh z — 25 mm
Between distance dm mm 786.02807 Normal pressure angle an | des 20.00000 Transverse module R 3.3101
Tooth thinming for backlash " . TRTI Helix angle 8 | dee [26[[ 0[] 000" Transverse pressure angle at | des 21.9802
< - el ddiectio = | itz 4 Base cylindical helix anele fb | dee 23.3830
Tip diameter da mm 286.7918 R"':’E“Dj diamster :h mn jé;:i: fial direction pitch o | mm 22.3008
ace diameter mm .
fRooidiam ety i mm 300.2818 Tnput type of tooth thickness - - | Profile shift coeffician TDD::EddEDlh ';Z :: 55;:;3;
Foot R Rt mm 1.1250 .| Normal profile shift cosfficient | xn | — 0.25000 | Cuting profile shift confiiviont | e —— IEE0
Face width b mm 30.0000 S el anilts iz 8 Min nvolute diameter(TIF) d | mm 73.0381
e S Eriieln | G [m] AW
@il Back |[Standard || Glear e — T Normal circuler tooth thickness | sn | mm 5.2568
Tooth thinnin for backlash " p 10000 Transv;r&e m:x:\armmnlh ;hu:krvess st mm 5.8019
1 1fi 1 1 p diameter 5 | om ST Ta— panned testh number am | - :
Fig.42.25 Gear specification (tool sharing) o deneter oo e Bast base trent brath | w | nm | 41,758
Basic rack root R i . W’i Design base tangent length w mm 41.7562
S s X ball diameter d [ mm
"B Tool set angle EI@ = g e Basic over ball distance dm | mm 31,6071
Cancel || Back || Standard || Clear Design over ball distance dm' | mm 91.5071
ten Joymbol]Unt] Voo |
e Fig.42.31 Gear specification Fig.42.32  Gear specifications
Crozsed angle deo deg 18.00000 9 . P 9 P
Deszign taper angle Pt deg A.00000 (without chamfer)
Gancel Back Clear & Tool setting EI = @
Fig.42.26 Tool set angle Nurber of tecth
. . o s Croszed anels dc dee -20.00000
® Rendering -~ E &&= = o Taper angle @t dee 3.00000
Basic operation Devistion Diaplay
Fateten aer st Cuter diameter Do mm 123.4552
@ Shading @® Tool reference coordinate  [Jon F| 42 29 - -
Oiretlone O Gomrrferemecoorsnae 9.42. Inner diameter Di mim 36,4181
GW z::‘h:‘;': e 05 v Clearance chf mm 0.7500
Tooth width b mim 10.0000
Rake anele fe deg 5.00000
Fromt relief angle g f dee 5.00000
Side relief angle X dee 2.0000
) Tip R Ra mm 1.1250
Fig.42.27 Rendering Fig.42.28 Creating tooth profile Helix direction — |~ | |lefthand
Virtual heliz angle iR deg R.000n
) . Virtual reference diameter dv mm 117. 4468
Theoretical Involute profile i
oK Cancel Back Clear
= | S g e
B[] Ditonce messurement Fig.42.33 Tool specifications
Gear Start End Diet . -
elance measuremen S Transverse figure [= (@] | | " Tansverse figure == s
0% = Zoom v| ® Gear O Tool 0 % = Zoom | O Gear @EFaal
N o Distance= 0,001 Machining side Relief side
- - Pa
ff\ / /f‘\
N L/
Creating tooth prafile
]
Fig.42.29 Distance measurement (2) Gear Tooth Profile (b) Pinion cutter

Fig.42.34 Tooth Profile
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Fig.42.35 Assembly drawing

"B Chip shape(3D)

(=N o

Display

Basic operation  Deviation

@ Shadine [ Tool locustfinished machining) [ Ghip
) [ Chipldevide)
O e flame [ Gear tip cylinder T =
[ Gear Tool machining side

[] Rake anele cone Tool side

umer ical walue bar
Unit:mm

-
B Rendering =N =N === B Rendening =
Batic cperation  Devi (53] . iation Diapha
cpe Deviation  Diaplay Rotation Basic cperation  Deviation aplay Akt
Vertcal rotation [-131 |« > i i —
Horgontal rotation - 127 < > |m|] = o OoN
© Wire flame O Gear reference coordnate
= = > [Glepawk - Step
Horizonnal shitt < > W [ Ger 4 Machning side o
Vertial shft < > 2 > O ] Tool side A

Fig.42.36 Rendering

B Rendering
Basic cperation Deviation  Disolay

==
=]

Fstation

®) Shading ®) Tool reference coordinats [ o
O Wiee flzme O Goar reference comdinate
Step argle
[ Ger 7] Mschining side R
A Tool side o

Fig.42.38 Rake angle cross section

Fig.42.37 Cutting Edge

Lo = B [ o 7o) generaing fgure
BAYRE bnax | mm £.7500 ElwH= Zoom

MLRAAE | bl | om 50000 Gear
h2 i £.7800
A@C | dez 0n.0000
A@T | deg a.0000
AY mm a.0000
A [ 0.0000
AZ i 0.0000

IR N[ 3
HEEERAE 48 deg a.0000
FHIER o’ dez -20.0000
SEtT—1iA @T dez 2.0000
-

===

Start  End

Fig.42.43 Gear and chip shape (external gear)

42.15 Chamfer C, R (option)
If it is necessary to chamfer teeth of a gear, you can give a chamfer
shape to the tool. As shown in Fig.42.44, chamfering of gear
specifications in Fig.42.2 can select C face and R face.
(=] & =

(®) External gear

"B Gear setting

Tip chamfering

() Internal gear

Tems

[ e [omelii]  vew |

Chamfering v
Founding

Tip chamfering -

Length of taoth depth direction | Gah | mm et
Leneth of tooth thickness GCaw | mm 0.5000
0K Cancel Back Standard Clear

Fig.42.44 Chamfer setting

42.16 HELPfunction

You can use the [HELP] function if you want to know the operation
method. If you have unknown contents as shown in Fig.42.46, you can
select the table of contents of Fig.42.46 by pressing [F1] with that screen
active as shown in Fig.44.45.

"B Skiving cutter design system Sample Program / AMTEC INC.
File View Tool Window

05 | R [

Tool sstting

Contents Ctrl+F1

& Index
@ search

Fig.42.39

Setting of tooth

Fig.42.40

Creation of tooth profile

Transverse figurs

Aszembly fizure

Chek for updata
Download updata

% Approsimatetyimvelute tosl
Direrson Tool roie e

Hormal mechie
Tranaverse module mt
Htoer af testh z

Normal preceurs angle | din
Trarsversn pressus anels | &t
el anle o

Helex direction

[E=S ¥R~

[Symbol [Unit | Valw(Left tace) | Vabie{Right face)
= mm 8.0000

o Pl 308

03157

Falerence damelsr d

Base disneter &

TeR )

To dameter da
Foat diameter ) 08,2574
Tooth dsgth W e 7,568
Crassed ancle 0c  dee 20,0000
Taper anele &1 dee 3.0000
Rake angle 0 dee 5.0000
Froe reat argie 61 e 5.0000
Cenfer dstance W mm 1000157

" Agproximately imvolute toal

Dimenzion Tool prufile i

[ESREoR ==

B = =

v FATel

Rendering
File output

Wersion information...

Tool generating figure
Approximately involute
Chip zhape

Toal common

Fig.42.45 Help function

Fig.42.41 Involute approximate blade shape

"B Chip shape setting

Feeding in sear axis direction Ve
Divisian No. of rotation ansle N
Crossed angle s
Desien taper angle @t
Design cutting amount h

Caloulation result

Chip shape(3D)

Chip thickness(2D)

=E
[ ymbol |t | Ve ]

mm/rey 0.0500

= 51

deg -20.0000
deg 3.0000
mm £.7600

Feedine in axis direction{mm} Gear rotation anele{dee) Tool rotation anele{dee)

0.050000 -360.032286 230.769231
-0.043396 360.000000 -230.748537
0.078000 -561.650366 360. 000000

Chip thickness value(C8W)

Gancel

Default

Fig.42.42 Cutting conditions

E T —

[ &

Fig.42.46
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Explanation (example of chip)
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