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Introduction

HyGEARS V 4.0 covers all major gear types found in the gear industry.

The integrated 5Axis CnC Post-Processor generates, from the exact tooth definition without any
interpolation, the CnC machine part programs needed to manufacture every gear type of the
simulation model on any 5Axis CnC machine available on the market: the resulting tooth flank
topography is the same whether Face Mill, CoSIMT, End Mill or Ball Mill tools are used.

In one single stand alone software, HyGEARS allows :

to design gear sets: face milled spiral-bevel, hypoid, straight bevel, Cyclo-Palloid spiral-bevel
gears, Coniflex ™ spur, helical, Beveloid, herringbone and Face gears;

to analyze the kinematics, unloaded and loaded: TE, Contact Pattern, LTCA, FFT, Bending and
Contact stresses, and more, are all but one click away;

to develop and optimize the kinematic characteristics of gear pairs, through specialized
functions, in order to improve load carrying capacity and smoothness of operation;

to assess the manufacturing quality through an export/import interface to common CMMs;

to cut gears on conventional and 5 Axis CnC machines using Face Mill, Dish type cutter (for
Coniflex gears), Conical Side Milling Tool (or CoSIMT, such as made by Ingersoll Rand, Sandvik,
PTR-TEC), End Mill and Ball Mill tools;

to use an integrated Closed Loop, i.e. seamless use of CMM output to determine machine
corrections such that manufactured parts are within set tolerances when compared to the design.

Read on for a brief overview of HyGEARS.
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HyGEARS™ is built on Vector Simulation

In Vector Simulation, a theoretical gear generator is simulated
by translations and rotations applied to reference frames that
determine the relations between cutting tool and machine.

3: A Numerical machine is
created from the Vector Model

1: The reference machine is
discretized in a series of ref. frames

Aachine plane

-I.
Maehine rootangle I

"« achine center o back

2: The Vector Model uses the ref.
frames of the discretized machine

4: A Numerical gear set is
created with the Numerical
machine.




HyGEARS™ The Vector Model

The coordinates and normal vectors at any point on the tooth
flanks are obtained by applying machine specific rotations

and translations to cutter definition.

Point on tooth flank:

1 0 0 Scos(g)
D=|0 cos(ac)sin(oc) || 0
0 —sin(ac) cos(ae) || (R £ Ssin(g))

X =D [z]° [k]' [Radial] [L1]°[Dist] [ym]?[65]°

Normal on tooth flank:

1 0 0 sin(¢)
N=l0 cos(oc)sm(ac) || 0 z

0 —sin(arc) cos(ac) || F cos(d)

N, = N [t]® [k]' [L1]° [ym]?[65]° ’




HyGEARS™ The Vector Model

Higher order changes, up to 6% order, are superimposed to tool and work piece
movements in order to achieve specific kinematic behavior.

Example 1) Modified Roll higher order changes: Example 2) Helical Motion higher order changes:
= 2 _ 2_ oD _ 3, 24E _ Xb*m = Xb + lst (Cr — 3 R'r);::g + znd (Cr — 3 Rr)z + 3rd (Cr -
an 40:3 R?;:‘;Fz oo RZ) 7208 (o RT)G ta az R,)? +44 (G — a3 R)* +54 (G, — azR,)* + 64, (G, — a3R,)°
3 R:r') - E (C‘r — d3 Rr] + % (Cr - o3 Rr)
where: Ly modified cradle angle where: Xom: modified sliding base
0 work piece roll angle 0 work piece roll angle
R, ratio of roll, cradle to work piece R, ratio of roll, cradle to work piece
C: cradle ref. position C: cradle ref. position
1st: 1t Order parameter
2C: 2nd Order parameter (Gleason notation) 2nd ; 2nd Order parameter
6D: 34 Order parameter 3d: 314 Order parameter
24E: 4™ Order parameter 4th 4 Order parameter
120F: 5% Order parameter 5th 5% Order parameter

720G: 6™ Order parameter 6t : 6™ Order parameter




HyGEARS™ — Face Milling and Face Hobbing

Both the Face Milling and Face Hobbing processes are supported for all Spiral Bevel type gears.

ground circle

Face Milling (single indexing) | | Face Hobbing (continuous indexing) |




HyGEARS™ — Calibration

HyGEARS has been extensively calibrated against Gleason’s CAGE and Klingelnberg'’s
KIMoS softwares for tooth flank coordinates, Contact Pattern and Transmission Error, CMM
output, Corrective Machine Settings (Closed Loop), LTCA Contact Stresses, etc.

Some important milestones:

1993-1994: Machine Calibration (Gleason and Yutaka machines)

1994 Closed Loop 15t Order

1995: Closed Loop 2" Order

1996: Experimental TE

1997: Experimental LTCA

1998: Fillet Stress (against FEA)

2001: Contact Stress (against Gleason)

2004 Bending and Contact Stress — Face Hobbing — (against Gleason)
2006: Lapping Prediction (with AAM)

2011: First 5Axis CnC Interface

Consistently equivalent results are obtained, as is shown in the following pages.




HyGEARS™ — Calibration

Contact Pattern Comparison: Gleason TCA vs HYGEARS TCA

13x24 Face Milled Spiral Bevel gear set
Drive Side Coast Side

@ Gleason @

HyGEARS ——‘

Heel Heel
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Tooth Flank Topography Comparison: Gleason and Klingelnberg vs HYGEARS

8x39 Face Milled Spiral Bevel gear set: comparing Nominals using the same machine settings

HyGEARS vs. Gleason Nominal
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Tooth Flank Topography Comparison: Gleason and Klingelnberg vs HyGEARS

8x39 Face Hobbed Hypoid gear set: comparing Nominals using the same machine settings

HyGEARS vs. Gleason - Pinion

Typical differences are less than 1 um
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GEARS™ — Supported Gear Types

The most popular gear types are supported by HyGEARS.
All can be cut on any CnC machine.

» Spur/Helical

* Herringbone

« Spiral Bevel: Face Milled, Face Hobbed, Cyclo-Palloid
* Hypoids, both conventional and High Ratio (HRH)

« Straight Bevels

*  Coniflex ("M The Gleason Works)

* Beveloid

* Face Gears

» Spiral Bevel Face Clutches

Spiral-Bevel/Hypoid cutting processes:
* Fixed Setting (i.e. the old 5 cut system);
* Non Generated (i.e. Formate ®)
« Spread Blade
* Modified Roll
*  Duplex Helical
+ Semi-Completing
* Face Hobbed
* Cyclo-Palloid

Hypoid

Helical

Herringbone

13




Duplex Helical Hlyooid Plnlon

Full Model - Finion& Gear
FH203A-Developed-REHard.dat [Conwvex-IB]
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Sourniflex Gears Spurved Gears

Cuttinig Machine CiC (DN 200/5A%] PIni on [Fin] shingl[arniral]- Ler Cutting Machine CnC [DNM 200/5AX] Pinion [Fini shing)[Normi nal] - Comexlb

@ 0.0/R 18.87 /X -52.5926 /¥ 61.6493 /Z-593.5456 /A" -91.6260/C: 232 1946 | @ 00/R 000 /X -51.3996 /¥ -46.0000/Z-573.3747 /A" -90.0000 /C: 357.5001
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The HyGEARS™ § Axis CnC Post-Processor

Overview:

HyGEARS integrates a Post-Processor that can generate CnC part programs to cut any HyGEARS supported
gear type on any 3, 4 and 5 Axis CnC machine using any tool.

The part programs, based on the exact tooth definition, need no user intervention and can be uploaded directly
to any 3, 4 and 5Axis CnC machine.

Tool and machine movements are displayed in 3D, can be rotated in any direction for better viewing, and can
be animated or single stepped to allow visualization and collision detection throughout the tool path.

The use of the Post-processor is easy, intuitive, and reflects the actual work done on the shop floor.

The Post-processor directly supports machine architectures of “AB”, “AB”, “BA” and “BC” types, where :
«  the A axis rotates about the X axis

«  the B axis rotates about the Y axis

« the C axis rotates about the Z axis

Other architectures are supported through workpiece coordinates in Traori/TCP/TCPM/TCPC mode

Specific machines can be created and saved for later use: the translation and rotation axes can be renamed, and
their positive direction can be inverted.

Typical tools include Face Milling, Coniflex™ dish, CoSIMT (i.e. Conical Side Milling Tool), End Mill and Ball
Mill cutters. A tool box for each tool type can be created by the users to suit their needs.

22
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5 Axis CnC Post-Processor

Navigation: all steps are integrated; no outside software support required.

1- Design and optimize gear sets using
HyGEARS V 4.0 tools :
 Spiral bevel / hypoid / Zerol
 Spur/helical/herringbone
» Face gears
« Straight bevel/Coniflex
* Beveloid
Contact Pattern location and TE can be
modified to user’s desire in a few steps.

2- Create machine ready part programs
in a few steps using any cutting tool :

» Face Mill cutters
« Coniflex cutters
» « End Mill, Ball Mill cutters

* CoSIMT (conical side milling tool)
Part program definitions are parametric
and saved as re-usable Operations.

3- Cut the part on the selected
CnC machine.

Part programs can be in Machine
or Work piece coordinates.

7- Re-cut: only if needed !

6- Re-generate: re-use the desired
Operation to re-create the part program
with the modified Machine Settings.

5- Integrated Closed Loop: from CMM
« output, get changes in machine settings
to offset tool and machine errors.

4- Measure the part on any CMM
(Klingelnberg, Gleason, Zeiss,
Leitz, MdM, etc.)

L




The HyGEARS™ § Axis CnC Post-Processor

User Interface: simple switch selection from a single window; instant display;

Expected Cycle Time Workpiece Support
breakdown definition

Expected Surface Quality
metrics

%" SAxis CnC\—Sw'lAishing] 383000_3%2)01 14X31_rf31,h);g - [;ﬂyd/ >
Metrics Cycling Time/Power Abor  End Mill  Operati Process Stoc\

Cutting Tool
Machine — Tool - Display "B.C* [Type M] Dcosmr |
selection "AC" [Type P]
B End Wil
Tl [ Invert work
Specific Machine 1 Ball bl
[DMF 260 HTC B- [Inv] v | T
MNew Edit Delete List e
Compensation Display
Cutting Cycle - Output | —|  feexlocston 0.0000 Display Machine Head
selection e O Display Arbor
sfonnin [] Display T.Table

Machining Tolerance  |0.0127 [] Display Target Grid

L Display Tool Path

(® Tool Certer Pairt [TCP] [ Display Section
() Absolute Lock on Tool
() Differential Detect Gouging [] Display Waming

[] Workpiece is Fixed

Save Output +i- Anim Clk Cancel

Tool definition

Expected Stock
distribution

Process definition

Operation definition

24




The HyGEARS™ § Axis CnC Post-Processor

A-C machine architecture:
» X, Y, Z translations (tool and/or work piece)
» Work tilt about X axis: angle A
» Work rotation : angle C




))

The FlyGEARS™ 5 AXIS

(P"

CnC Post-Processor

machine architecture:
» X, Y, Z translations (tool and/or work piece)
» Work tilt about Y axis: angle B
» Work rotation : angle A

26
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The HyGEARS

(f’

™ 5 Axls CnC Post-Processor

B-C machine architecture:
» X, Y, Z translations (tool and/or work piece)
» Tool tilt about Y axis: angle B
» Work rotation : angle C

Note: the turntable axis may be horizontal or vertical

27
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1C Post-Processor

B-A machine architecture:
» X, Y, Z translations (tool and/or work piece)
» Tool swivel about X axis: angle A
» Tool tilt about Y axis: angle B

28




RE™ S Axis CaC Post-Processor

Main features of the Post-Processor:

Part Programs:

supports “AB”, “AC”, “BA” and “BC” architecture machines;

supports GCodes, Heidenhain, Siemens, Okuma, Fanuc and Mazak controllers;

supports Traori (Siemens), TCPM (Heidenhain), TCPC (Okuma) and TCP (Fanuc);

allows creation of specific 3, 4 and 5Axis machines from 4 basic architectures; specific machines can be fully
customized by the user to reproduce the exact implementation of any machine;

offers 14+ pre-defined cutting cycles for CoSIMT, End Mill and Ball Mill tools; and 4 pre-defined cutting cycles
for Face Mill tools (single roll/double roll);

CoSIMT and End Mill cutting edges can be linear or circular (to cut a Face Gear for example);

allows single pass and multi-pass roughing/semi-finishing/finishing for CoSIMT, End Mill and Ball Mill tools;
allows the generation of a negative protuberance in the fillet;

the tool path is easily customized by the user in order to optimize both cycle time and product quality;

allows automated / single stepping animation of the tool and work piece through the cutting cycle;

allows the display of the supporting arbor and the machine head to detect potential collisions;

allows the creation of “Operations” which define a given task; Operations can be re-used on different parts;
allows the creation of “Processes” which are a series of “Operations” in a specific order; Processes can thus
generate a complete program sequence including roughing and semi-finishing of the tooth flank and fillet using
different tools.

can be in CSV (comma separated values) format for import in Excel;

can include or exclude comments describing the logic and operations performed;

can be for Face Milling cutters (spiral bevel gears), Dish type cutters (Coniflex - ™ The Gleason Works -
gears), CoSIMT (such as made by Ingersoll Rand, Sandvik, PTR-TEC), End Mill, Ball Mill cutters.

29




The HyGEARS™ § Axis CnC Post-Processor

Conversion: To generate a part program, HyGEARS converts the movements of the conventional
cutter (in a conventional machine) into movements of a Face Mill, Coniflex™ dish,
CoSIMT, End Mill or a Ball Mill tool in a 5Axis CnC machine where:

» the relative orientation between the ref. frames of tool and work in the conventional machine
are maintained in the CnC machine;

 the relative position between the ref. frames of tool and work in the conventional machine are
maintained in the CnC machine.

The figure to the right shows a Face Photo courtesy of PTR-TEC.de

Mill cutter (pink) and a CoSIMT (green)
with coincident cutting edges.

The HYGEARS Post Processor tracks
the movements of the Face Mill cutter
in the conventional machine and
converts them to CoSIMT movements in
a 5Axis CnC machine.

The same approach is applied to all
tools and gear types.

30
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CnC Post-Processor

Machine/Tool: Machine and Tool selection; display options

Machines are optional;
» Generic type
 Specific type

\

Cycle

Machine Selection

=~

() 3 Axis CnC

() 4 Buis CniC

(D) 5 Axis CniC "B-C" [Type M]

() 5 Axis CnC "AC” [Type P

(D) 5 Axis CnC "A-B" [Type P]

(D) 5 Axis CniC "B-A" [Type T]

(®) Specific Machine
Apex Location: used in [DMF 260 HT-C B- [inv] ~]
“Machine” coordinates \ New | Edt | Delete uy

\ ion
Apex Location 0.0000
Alignment Angle 0.0000

Machining Tolerance  [0.0127

{® Tool Center Paint [TCP]
() Absolute

Metrics  Cycling Time/Power Arbor

% Sfxis CnC - Gear [Finishing] 383000_383001 14x31_m&,81.hyg - [mm]

End Mill Operation Process Stnc/

Cutting Tools are
optional; they are user
defined.

*

@ir‘g Tool

[] CoSIMT |
End Mil

[ Ball Ml

G Probe [CMM]

<
|

[ Invert work

9%

splay
Display Machine Head
Display Arbor
[] Display T.Table
[] Display Target Grid
Display Tool Path
[] Display Section
Lock on Toal

() Differential

Save

Detect Gouging

Workpiece is Fixed

Display switches control

<

what is shown on screen..

[] Display ‘."a'aming/

Output +-

Anim Ok Cancel

31




The HyGEARS™ § Axis CnC Post-Processor

Machines: 4 basic CnC machine architectures are available: AB, AC, BA and BC.

editor (bottom right figure).

Any specific machine can be derived from the basic types using the HyGEARS machine

%" 5Axis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [mm] :
" CnC Shuis Machine Definition =n =R
Machine// Toal |Cycle I Metrics I Cycling Time/Power I Arbar I End Mill | Operation I Frocess I Stock | Mach. Defrition | — I — Head|
ine Selection Cutting Tool
focine S \ - - Machine Name | Mikron GF [Heidenain] CoR-Wk.Spindl E}.?DD
- ace Vi er vy
\ . ine T @
) A CoC /We - 1 Tit Offset 0000
= 5 foas CnC "BL" [Type M} [ CosSIMT | Rotation Offset (00
71 5 Mads CnC "AC" [Type P Work Rfﬂaﬁow @ 357...363
71 5 Auis CnlC "A-B" [Type P] End Mil [ Tool Rotation © 357 .3
“) 5 fods CnC "B-A" TType T] 7 Invert work
: XYZSi @ i A
@ Specific Machine [] Eal ons @ Machine ~) Work
Mazak Integres 200 = _ z
B / 7] Probe [CMM] [ID Ref Axis Sign  Sync Out Oper. | Offset |
. X| X ®+® - 0.0000
Com Mazak VTC800 Di @ N
Mikron GF [Heidenain] splay Y ¥ ©0+@ 0.0000
& Mikron GF [Heidenhain] B+ Display Machine Head z zZ @ +0 - 0.0000
A? Mitsui HUB3A-5X [ Dispiay Machine Hea
Aligi Mitsui HUB3A-5X, (Center) Display Arbor
Meri NT2100-BC i AB C Signs
Mori NT4250 / C1 [B:] Lzme s
o m NTB?DEDMU [B+] [ Display Target Grid [ID_Ref Axis Sign  Sync Out | -
@ Muttus ) _ _ [¥] + A Rotation
 Multus BADO 4uds Display Tool Path E e ‘{ - ARotation
~ | NMV 3000-AC || Display Section _
)| NMY 3000-AC [Fanuc] B @+6- @ B+3,B-3
NWM 3000-AB [Fanuc] [7] Lock on Toal - - ) B+3, B+357
Okuma MU-500VA [LH 0-360] . ) )
Okzm: MU-500VA %LH] ! [7] Detect Gouging [T Display Waming - ﬂ{
Okuma MU-500VA [RH 0-360] [ Workpiece is Fixed -
Okuma MU-500VA [RH]
Olcuma MU-500VA [Univ]
Okuma Mukus [LH 0-360] [ 2ooty |[ oK || Cancel |
Olkeuma Muttus [RH 0-360] 3 -
PAMA SPEEDRAM 2000 ) it |[_pety |[ ++ |[ aom |[ Ok || Cancel |
Machine Selection Machine Editor
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The HyGEARS™ § Axis CnC Post-Processor

Tools: HYGEARS offers 6 different tools: ~ Face Mill cutter
Dish cutter
CoSIMT
End Mill
Ball Mill
Probe (CMM)

(spiral bevel, Zerol, hypoid gears)
(Coniflex™ gears)

(all gear types)

(all gear types)

(all gear types)

(all gear types; for measurement)

s 5Axis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm] (e

Machine/Tool |Cycle | Metiics | Cycling Time/Power | Abor | End Mill | Operation | Process | Stock |

Machine Selection /ﬁing Tool \

et [C] Face Mill C
) 4 Axis CnC ace Mil Cutter  ——__Tice Cutier]

") B Axis CnC "B-C" [Type M]

[] CosSIMT
) 5 Peds CnC "AL" [Type ]
~) 5 Ads CnC "A-B" [Type P] End Mil
~) 5 Mis CnC "B-A" Type T] nvert wirk
@ Specific Machine Il Bal b

[New |[ Edt |[Delete |[ Lt | \D Probe [CMM] /
Compensation Dispiay

Apex Location 0.0000 [] Display Machine Head
Alignmert Angle 0.0000 Display Arbor

0.0000 [] Display T.Table
[ Display Target Grid

@ Tool Center Point [TCP]
Display Tocl Path

) Absolute
) Differential [ Display Section
[7] Lock on Tool
] Detect Gouging [C] Display Waming

7] Workpiece is Fixed

(o ) e ) [ ) om J[_ox_J[cars

Photos courtesy of PTR-TEC.de
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The HyGEARS™ § Axis CnC Post-Processor

Tools: Each tool is described in a dedicated data page where the defining dimensions are entered
by the user. The 30 character-long tool name is user defined.

The tools can be saved for re-use and are specific to users, i.e. they are not distributed with
HYyGEARS. Hence, proprietary information remains proprietary.

4" SAxis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm] =3
| Machine,/ Tool | Cycle I Metrics IC)'cling Time,/Power | Arbor | End Mil |Opecation | Process | Stock |
End Mill Details Mame  8mm Ball Moss -
Tool ID: 1 -
TLUID: © g Square L —
- 9.45 Suora Karti i =
Diameter 3.0000 50 Ca
Edge Radius 4.0000 (500.200.640
Sx38-Finish-TN1
Cone Angle 0.0000 W ajsdkajndkand
R. Curvature 0.0000 Chamf 16A
) < Coromant 12mm
Cutting Length 240000 Coromant 12mm Bull Nose
Guting liength il ... Coromant 4mm Bull Nose
Rl > 00 7" Coromant 4mm End Mil
Tool Length 35.0000 - D25 Coro Mill 210
Taper Length 0.0000 al
Stem Diameter 8.0000 [ Cone Angle
Holder Diameter 25.0000 ! =
[R. Carvature|——" '|I D5 10,32 3
Holder Length 40.0000 W | |DS 1225
4 | |DS 12/40
Holder Angle 0.0000 M' DS 12740 - 40degngle q
MNumber of Flutes 4 A /w7 DS 12/40 - 40degAngle-Bmm ™
Tip Reference . £ Radies , EEd}lﬂﬁlﬁEZDia
Tool Center Point|~" "~ EndMill 8Dia
ﬂ 15002 Eﬂd‘IMi" 8Dia-Cycl | |
[ 15392 Feeds [mm/min] FRESA_SMUSS!
(|3.6529 RPM 1200.0 GMC 1.57/0.33 <
E 17129 Rapid Mowe 15000 Plunge 50.0 Cutting 500.0
’ OU‘tDLIt “ P‘Dl:lr)' ” /- ” Anim ][ Ok ][ Cancel ] [ 00/R 1906/X 28.0126/¥ 221537 /Z 125000 8- 90.0000/C- 3094330)18] ]

Definition of an 8mm Bull Nose
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The HyGEARS xis CnC Post-Processor

Display: Several options allow selective information display. These include:
« the Machine Head,
» the Machine Turn Table
» the Work Arbor and support,

» the Target Grid, where the target coordinates are displayed in wire frame mesh,

* the Tool Path.

s§" Siuis CnC - Pinion [Finishing] 737 Spiral.HyG - [mm] (=23

MaChlan’T00|| Cycle | IMetrics | Cycling Time/Power I Arbaor I End Mill | Operation | Process | Stock |

Machine Selection Cutting Tool
() 3 Awis CnC ]
() 4 Awis CnC b= is " Cutting Machine

Cutting Machine tnC (Mikron GF [Hei Gear [Finishing][Norninal] - Concave-0

(7) 5 Auis CnC "BL" [Type M]
(©) 5 Axis CnC "AL" [Type P
) 5 Aods CnC "A-B" [Type P] End Mil
(7) 5 fuds CnC "B-A" [Type T]

[C] CoSIMT | ‘

[ Invert work
@ Specific Machine [T Bal b
Mazak Integrexi200 -
[T Probe [CMM]

[ New |[ Edt |[Delete || Lst |

Compensation f Display \

Apex Location 0.0000 [] Display Machine Head
Alignmert Angle  0.0000 [¥] Display Arbor
0.0000 [ Display T Table

[ Display Target Gid —— |
Display Tool Path

[ Display Section

[ Lock on Tool

[] Detect Gouging [ pisplay Waming

K D le'kplECE is Foeed / q: 9.2/R: 9.47/X -35.3863 /Y 17.3143/Z -15.5980 /B: -29.5956 /C: 223.7533 [1/9]
<

@) Tool Certer Paint [TCF]
() Absolute
() Differential

Ye j

[ outout |[ Apoty ||+~ ][ Am ][ ok || Cancdl |

Display of the Target Grid (beige)
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The flyGEA CnC Post-Processor

Display: Example of Tool Holder and Work Arbor with CoSIMT and 1.2 mm module hypoid pinion.

=3

% Shxic CnC - Pinion [Finishing] 7:37 Spiral.HyG - [rmm]

Machine,/ Tool |Cyde I Metrics I Cycling Time/Fower I Arbor I CoSIMT I Operation I Process I Stock |

" Cutting Machine (]
Machine Selection Cutting Tool Cutting Machine CnC [Fanuc Robodri |1 T21 5-Ai 5] Pinion [Fini shi nglNominal] - Corese B -
iz: EE [] Face Mill Cutter
(7) 5 Pods CnC "B-C" [Type M] | [ Invert Abor
() 5 Miis CnC "AL" [Type P]
) 5 fiis CnC "A-B" [Type P] [ End Mil
() 5 fis CnC "B-A" [Type T] [ Invert wark
@ Specific Machine [C] Bal il
Mazak Inteqgrex i200 -
- - [] Probe [CMM]
[ New |[ Edi |[Delete |[ List |
Compensation Display
Ppex Location 0.0000 Display Machine Head
Alignment Angle 0.0000 Display Abor
0.0000 [ Display T.Table
© Tool Canter Poirt [TCP] [ Display Target Gd
& Posoite Display Tool Path
e || Display Section
i [ Lock en Tool
[7] Detect Gouging [ Display Waming
7] Workpiece is Fieed Z\&,X
[@ 26/R 2620/% 1360321V 110623012 T5.0484 /A 124 7108/C: 27431801 | -
. [ v

| ouput || Appy ||+ || Anm || Ok | Cancel |

Display of the Arbor and Tool Holder
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CnC Post-Processor

Display: Detection of Gouging interference (tool back side contact with opposite tooth flank):
HyGEARS can determine, and display where, if any Gouging occurs such as to alert the
user of potential profile mutilation; valid for CoSIMT, End Mill, Ball Mill tools.

% Shxis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [rmm]

Machine,/ Tool |Cycle I Metrics I Cycling Time/Fower I Arbor I End Mil I Operation I Process I Stock |

=3

Machine Selection Cutting Tool

© 3 Auds CnC [ Face Mill Cutt
©) 4 s CnC ace Mi er
©) 5 s CnC "BL" [Type M [ CosIMT |
(7) 5 Axis CnC "AC" [Type F]
(7) 5 Axis CnC "A-B" [Type F] End Mil
() 5 Ads CnC "B-A" [Type T] [ Invert work
@ Specific Machine [ Bal b
Mazak Inteqgrex i200 -
[7] Probe [CMM]
[ New |[ Edi |[Delete |[ List |
Compensation Display
Ppex Location 0.0000 || Display Machine Head
Alignment Angle  0.0DD0 [C) Bisplay Arbori
0.0000 [ Display T Table

|| Display Target Grid
Display Tool Path
|| Display Section
[ Lock en Tool
Detect Gouging
7] Workpiece is Fieed

@ Tool Center Point [TCP]
) Mbsolte
() Differential

[ Display Waming

" Cutting Machine
Cutting Machine CnC [MAZAKINTEGREX Siemens] Pinion [Finishing][Norminal] - Concave-0B -
Current cutting point
b |
[q: -3.0/R:-11.62 /Xw: -9.90390 /Yw: -47.07247 /Zw: -183.31207 / A3=-0.454883 / B3=-0.885933 / C3= 0.090673] ~
< m »

| ouput || Appy ||+ || Anm || Ok | Cancel |

Display of Gouging points with Pink crosses
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CnC Post-Processor

Cycle: Selection of Output, Stock, Feed, Clearances, Tooth area, and Cutting Cycle

Output Format: allows
selecting wanted or
unwanted features

*Machine: XYZ ABC
*Work: XwYwZw ABC
*Traori: XwYwZw ijk

Cuts the Complete Gap
or
Cuts all the Convex flanks
and then cuts all the
Concave flanks.

Targeted tooth region:
* Fillet,

* Flank,

+ Combined,

* Chamfering

% SAxis CnC - Gear [Finishing] 383000_3830017 14x31_m8,81.hyg - [mm]

Machine/Tool Cycle  Metrics Cycling Time/Power Arbor

-

End Mill Operation Process Stock

—

5‘/1:5.1;:11 Format \ /taﬂ-ﬁeed I I
Begd. Sugg. Actual
Boovromst tome [ W] 5o |1 s
[] Line Numbers 1 B
HFi idth Pt:
[] Include Operation Switches acew S 51 Battom Up ]
Include Short Header e 30
[ Include Start Positions Moving Contact Pt~ [] — Over Run 0.0000 //
[ Explicit Indexing Constant D-Radius )
Finish Stock | 0.000
N Mo Comments Roughing 1 *{ —
[] Coordinates Only sl
&I Work Coordinates Clearance [mm] | Indexing 5
[ Traori (Siemens) Toe  |12.000 Skip # Start Gap
\ / gel [12.000 Mimor <] _ EndGap |33/
Qﬁing Cycle
\\L_S Siot by 5ot onvex (.B) Concave (0.B) —
Flank by Flank O None Q Nene
(® Toe -> Heel -> Toe ® Toe -> Heel -> Toe
() Fillet-Root 0.00 () Heel > Toe -> Hesl () Heel > Toe -> Hesl
(® Tooth Fank Toal Pivot|0.000 (") Toe -> Heel () Toe > Heel
ﬂ () Combined n () Heel -> Toe () Heel - Toe T~
() IB-OB OShape-Toe (") OB-IB OShape-Toe D
O Charfer Tool Side | pepth  [0.000 () IB-OB OShape-Heel () OB-IB OShape-Heel
8 g::ﬂ:[ ¥EZ| End Chamf A. |0.000 () Rock Me [babe] () Rock Me [babe]
\Chamfer Heel /
Save Qutput +/- Arim Ol Cancel

Controls step depth, cycle
coarseness, Toe and Heel
clearances, gap indexing.

# Gaps skipped between
2 cuts. If “/X” where X =

1,2, ...,n, then
« StartGap=1
« EndGap =Z

Distributed about one
central tooth gap

Tool movement types
during cutting cycle
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CnC Post-Processor

Cycles:

Cutting cycles can be extensively tailored to user preferences, depending on tool choice.

Output Format

Use Actual Tooth
CS5V Format
Line Numbers
| Include Operation Switches
| Include Short Header
| Include Start Positions
Bxplicit Indexing
No Comments

Traor (Siemens)
Haas Horizon

Cutting Cycle

%" 5Axis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm]

Machine/Tool | Cycle | Metrics | Cycling Time/Power | Abor | End Mill | Operation | Process | Stock

=X5

Reqd.  Sugg.

\

/gock—Feed |
H Steps

H Facewidth Pts
Retract Factor
Maoving Contact Pt
Constart D-Radius
Roughing

Clearance [mm]

Toe  20.000
wel 10.000

;
40

_{ Finish Stock  0.000

| Indexing Sequence

Skip &

Mimrar

Actual |
Start 1 Steps
End 21 [¥] TatPis
Bottom Lp

0.381

Vil Start Gap 1

Convex (L.E.)
@ Slot by Slot None
Flanic by Fank @ Toe -» Heel -> Toe
Fillet-Root 10.00 Heel -» Toe -» Heel
9 Teth Fank Tool Pivot 0.000 Toe > Heel
Combined Fixed Heel -> Toe
Chamfer Tool Side | pepth 0.000 IB-OB OS5hape-Toe
Chamfer Toel End |B-OB OShape-Hee!
Charmf A 0.000
Chamfer Toe ) a Rock Me [babe]
Chamfer Heel Pivot A.  D.000

EndGap 7 /

Concave (0.B.)

Maone
@ Toe -» Heel -» Toe

Heel -» Toe -> Heel
Toe -» Heel
Heel -» Toe
(OB-IB OShape-Toe
OB-IE OShape-Heel

0wt || onty |[ -~ ||

Anim || Ok || Cancel|

Cycle Options for CoSIMT, End Mill and Ball Mill tools

Stock-Feed along the face width
(#Facewidth Pts) and tooth depth (#Steps)
When cutting starts and ends (Start / End)
Tool retraction at end of cycle (Retract
Factor, based on Heel tooth depth)
Whether the tooth description is with
constant roll angles or constant radius
(Constant D-Radius)

Whether the contact point moves, or does
not move, along the tools cutting edge
(Moving Contact Pt)

Roughing and Finishing cycles

Toe and Heel clearances

Tip, Toe and Heel chamfering

Indexing sequence in order to spread tool
wear and thermal load over non
sequential teeth (Skip#).
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Cycles: Constant D-Radius: checked:

un-checked: constant roll-angle steps — improved surface near fillet

constant radial steps; insensitive for Z > ~25

better for Z < ~20

Cutting Machine Cnt [Univers

al5 Axis A C'] Finion [Finishing][Morminal] - Left Cutting Machine Cni: [Universal 5 Axis A '] Finion [Finishing]Nominal] - Left
£
y:
X | .
N | N
N ‘ N
N \ N
‘\\ ‘I
’/’
0
o 1
| 7 ¥ ¥ Y
[2: 0.0/R: 21.39/X 27.6469 /Y 0.0000/Z 38.1891/A: -90.0000/C: 138.6130] [1/9] [2: 0.0/R: 19.48/X 263793 /¥ 0.0000/Z 38.1891/A: -90.0000/C: 140.5183] [1/9]

Constant D-Radius

Constant D-Roll
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Axis CnC Post-Processor

Cycles:

Moving Contact Pt: checked:

un-checked:

contact point moves along tool edge; better Finish
and reduced tool wear;

contact point always at tool tip: more tool wear

T T

Y, /

4
-
-
-
// /
S \
/ ¥ 4 5~ 4

Moving Contact Pt: Finishing

Fixed Contact Pt: Roughing
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ARS™ S Axis CaC Post-Processor

Cycles:

Over Run: =0:
> 0:

End Mill stops at Fillet Line
End Mill extends below the Fillet Line: prevents lip forming in the
fillet when negative stock is used on the flank

Over Run: 0

Over Run>0
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5 Axis CnC Post-Processor

Cycles:

HyGEARS offers 7 cycles for Face Mill cutters and 1 cycle for the Coniflex™ dish cutter.

=" SAxis CnC - Pinien [Finishing] 7x37 Spiral.HyG - [mm] @ ﬁ" Shxis Cn(C - Pinion [Finishing] 3:80 HRH m1,03.HyG - [mm] @
| Machine;"Tooll Cycle | Metrics | Cycling Time/Power | Arbor | Face Mill | Operation I Process | Stock | | Machine/Tool |Cycle| Cycling Time I.Arbor I Face Mil | Operation I Process|
Output Format Stock-Feed Output Format Stock-Feed
[7] Use Actual Tooth # Steps 7 [[] Use Actual Tooth # Steps g
7] €SV Format - 7] C5V Format .
E Line Numbers = [ Line Mumbers rl‘l
Include Operation Switches ) )
Include Operation Switches
Include Short Header bietac e 40 Retract Factor 4.0
——— Include Short Header e
Include Start Positions - LU - — 0.0000
[F Buict Indexing Include Start Posttions
7] Mo Comments _{ Finish Stock  0.000 ] Bxplicit Indexing ‘{ Finish Stock  0.000
7] Coordinates Only 0.381 [C] No Comments 0.381
Woark Coordinates Clearance [mm] | Indexing Sequence [[] Coordinates Only Clearance [mm] | Indexing Seguence
] Traori (Siemens) Toe 20000 SkipH# A Start Gap 1 Work Coordinates Toe 14.000 Skp# A Start Gap 1
[T Haas Horizon Heel  10.000 Mimor [[]  EndGap 7 [C] TCP (Fanuc) Heel  14.000 Mimor [ EndGap 3
Cutting Cycle \ " Cuiting Cycle \
/| Face Wil Cycle /| Face Mil Gycle
@ Single Roll - Toe to Heel © Toe -Heel/ Toe -Heel
I I
Single: Roll - Heel to Toe ; Toe -Heel/ Heel-Toe ]
Plunge Roll - Toe to Heel 1500 Heel-Toe / Heel-Toe 1500
Plunge Roll - Heel to Toe 1000 2500 Heel-Toe / Toe -Heel 1000 250
Double Roll - Toe to Heel 200 200
) Double Roll - Heel to Toe
\ ) Mon Gen. Plunge Cut = 0.000 100 250 12 \ — 0.000 100 250 12
N J N— j
[ouput |[ pply |[ ++ || Anm || ok || Cancel | | ouput || Apply |[ <+~ || Anm || Ok || Cancel |

Cycles for Face Mill cutters / Completing

Cycles for Face Mill cutters / Fixed Setting - Semi-Completing
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The HyGEARS™ § Axis CnC Post-Processor

Cycles: HyGEARS offers 14+ different cutting cycles for End Mill and Ball Mill tools, and 15 for
CoSIMT tools. Tool can be Pivoted to improve cutting conditions.

%" SAxis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm] (=5

g Tt rvg MB ot G [DUIF S50 F1-C] Gag [FAr s g NGmairal ] - Corome-0b

=

| Machine;’Tooll Cycle |Me'trics ICycling Time/Power I Arbor I End Mill I Operation | Process IStock |

Positive Tool Pivot

Output Format Stock-Feed

[Reqd. Suagg. Actual |

Travel direction |
[[] Use Actual Tooth # Ste ; /
ps 21 -[3_ Start 1 Steps
7] €SV Format - A‘ 0 :

7] Line Mumbers 0 End 3 Tat Pts

Include Operation Switches Botiom Up (]
Include Short Header

# Facewidth Pts 11
Retract Factor 40

Include Start Positions Maving Contact Pt — QOvwer Run 0.0000

] Explicit Indexing Constant D-Radius ‘{ Firish Stock  0.000

[7] No Comments Roughing

[ Coordinates Only

Work Coordinates Clearance [mm] | Indexing Sequence

[ Traori (Siemens) Toe 20000 Skip #

7] Haas Horizon Heel 10.000 Mirror

(/tf:";mc;; Convex (LB} Concave (0.B) \\

5) Flank by Flank pt fene - Hone €2 50409 2 -4148927 /B 36 55054 1304 505300 |14
@ Tgers Heel -» Toe @ Toe -» Heel -» Toe e S,

() Fillet-Root 10.00 7 Heel -» Toe -» Heel () Heel -> Toe -> Heel

G Tooth Flank Tool Pivet 0.000 ) Toe -> Heel () Toe -> Heel
) Combined [ Fixed () Heel - Toe ) Heel > Toe
e | e
() Chamfer Tool End ape-Hes - ape-Hee
Chamfer Toe Chemf 10,000 ) Rock Me babe]
\ ©) Chamfer Heel Pivot A.  0.000 )
N _

(o ) o )] [on ][] (on

Cycles for CoSIMT, End Mill and Ball Mill tools




CnC Post-Processor

Cycles:

Finishing cycles for CoSIMT, End Mill and Ball Mill tools.

4" 5fuis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm] (=]
Machine/Tool | Cycle | Metrics | Cycling Time/Power | Abor | End Mill | Operation | Process | Stock
Output Format Stock-Feed . .
. . [Read Sﬂ ool » Fillet/Root, Tooth Flank, Toe, Heel and Tip
eps 21 -_?: tart 1 Steps - H
oy Fomat ; }m 2 @ Tans Chamfer (Deburring) are different
¥| Include Operation Switches # Facewidth Fts M Bottom Up 0 pe ra‘ti O nS -
¥| Include Short Header SRR 40 ’
) incude Stat Postions e T It « They can be cut Slot by Slot or Flank by
Explicit Indexing Constant D-Radius 7 Finish Stock 0,000 . . .
o o Foughing { = Flank, depending on machine selection,
Coordinates Onfy == . - -
7] Wor Coordnates Gearance fmm] | Indexing Sequence work size, and how much travel is required
Traor (Siemens) Toe  20.000 Skp# A Start Gap 1 .
Haas Hoizon Hesl 10000 Miror EndGap 7 by the machine or tool between tooth
ﬁlﬂi': Cbt’d; Conwvex (1.B) Concave (0.B) \ fl an kS ;
@ Slat ot - . - -
Pk by P e s e s - Finishing cycles can be different on each
@ T
oe -> Heel -» Toe @ Toe -» Heel -> Toe
Fillet-Root 10.00 Heel -» Toe > Heel Heel -» Toe > Heel tOOth ﬂ an k
@ Tocth Flank Tool Pivet 0.000 Toe -> Heel Toe -> Heel !
Combined Fived Heel -> Toe Heel -> Toe
Chamfer Tool Side | pepth 0.000 IB-OB O5hape-Toe OB-B OShape-Toe
Chamfer Tool End Chamf A D.DDD IB-0B CShape-Hesl CB-B OShape-Heel
Chamfer Toe s Rock Me [babe]
\ Charfer Heel Fivot A, 0.000 /
[ output |[ Aopty || «+ || Anm || ok | Cancel |

Finishing Cycles for CoSIMT, End Mill and Ball Mill tools
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The HyGEARS™ § Axis CnC Post-Processor

Cycles: Roughing cycles for End Mill and Ball Mill tools.

4" 5hxis CnC - Pinion [Finishing] 7537 Spiral.HyG - [mm] =
Machine/Tool | Cycle | Metrics | Cycling Time/Power | Abor | End Mill | Operation | Process | Stock L4 Fi”et/ROOt and Tooth Flank are different
m:: AF:::E:'c.uth Stock-Feed [Reqd. Su?g Actual | OperationS;
Co Formt # Steps 21 Sat 1 [ Steps « They can be cut Slot by Slot or Flank b
| End 2 7| Tgt.Pts

7] s Ot Sucres P Flank, depending on machine selection,
Nnclude [¥] eader & ek 4[:' - - -

o e - — work size, and how much travel is required
Sl Indexng Constant Dfisdus 1/ 0,000 by the machine or tool between tooth
e ML R et e

V| Work Coordinates Clearance [mm] | Indexing Sequence )

Tren (Semere) ;ZZ e ;TLT o e * Roughing cycles need not be the same on
¢ Cutting Cycle : _ \ both tooth flanks;

© Satbr S o e « Center Slot cuts a through in the center of
Flank by Flank Dni el = Toe ("] u:eni eel -» Toe
Fillet-Root 10.00 -Hreel —;I:I"oel > Eeel -ll-leel —>|:|I'oe| - Eeel the gap;

@ Tooth Flank ool Pivot 0. ae -x Hee oe -» Hee . . . .
ot | PRH0000_[}| © Tox > e it « MultiPass is a Slot by Slot operation; it
e o 000 | R oSeeted | © BB St makes an even number of passes per Step,
opemter Toe -y HiiPase y based on slot width and tool diameter; the

N i
number of passes is calculated at each
owe Loy JLot Jitom Sl oren ) Step; allows greater tool feeds over Center

Roughing Cycles for End Mill and Ball Mill tools Slot because the tool is never captive in a
through.




g A

The HyGEARS

AAIS

CnC Post-Processor

Cycles: Roughing cycles for CoSIMT tools.

X5

<" 5Axis CnC - Pinion [Finishing] 737 Spiral.HyG - [mm]

Output Format

Use Actual Toath
C5V Format
Line Numbers

| Include Operation Switches
| Include Short Header
| Include Start Posttions

Retract Factor 40
Moving Contact Pt =

Machine, Tool C‘fChB Metrics | Cycling Time/Power | Abor | CoSIMT | Operation | Process | Stock
Stock-Feed
[Reqd.  Suga. Actual |
# Steps b Start 1 Steps
| End 2 7] Tat.Pis
# Facewidth Pts 11

Explicit Indexing Constant D-Radius o —
Mo Comments Roughing i ~{ —
Coordinates Only Rough Stock 0,331
V| Work Coordinates Clearance [mm] | Indexing Sequence
Traori (Siemens) Toe 20000 Skip# /1 Start Gap 1
Haas Horizon Heel 10000 Mirror EndGap 7
ﬁlﬂing Cycle -
Convex (1LB) Concave (0.B)
@ Slot by Slot
Flank by Fank
Fillet-Roat 10.
@ Tooth Flank 0.0
Combined
Chamfer Tool Side Depth 0.000
@ Center Slot MultiPass
\ Plunge Center Slot /
| output || Aoply ||+~ |[ Aim || ok || cancel |

Roughing Cycles for CoSIMT tools

Fillet/Root and Tooth Flank are different
operations;

They can be cut Slot by Slot or Flank by
Flank, depending on machine selection,
work size, and how much travel is required
by the machine or tool between tooth
flanks;

Center Slot cuts a through in the center of
the gap;

MultiPass is a Slot by Slot operation; it
makes an even number of passes per Step,
based on slot width and tool diameter, the
number of passes is calculated at each
Step; allows greater tool feeds when
compared to Center Slot;

For Fillet roughing, only Center Slot is
available;
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Cycles:

Face Mill Cutter — Completing cutting processes

" 5Axis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [mm]

(=)

| Machine/ Toal |C‘.-’C|B| Metrics I Cycling Time/Power I Abor | Face Mill | Operation | Frocess | Stock |

Output Format

[ Use Actual Tooth
[] €5V Format
[ Line Numbers

Include Short Header
Include Start Positions
[ Erplicit Indexing

] Mo Comments

[ Coondinates Only
Work Coordinates

[ Traori (Siemens)

[7] Haas Horizon

Include Operation Switches

/

( Cutting Cycle

Face Mill Cycle

@ Single Roll - Toe to Heel
) Single Roll - Heel to Toe
) Plunge Roll - Toe to Heel
) Plunge Roll - Heel to Toe
) Double Roll - Toe to Heel
) Double Roll - Heel to Toe
) Mon Gen. Plunge Cut

~

Stock-Feed

# Steps il
11

Retract Factor 40

ﬂ{ Firish Stock  0.000

Clearance [mm]
Toe 20000
Heel 10.000

[ Indexing Sequence

381

Skip# A
Mimor ~ []

Start Gap 1
EndGap 7

250

250 12

J

(ouoa ] (2o ) [

|| Anm || ok || cancel |

can be Single Roll/Double Roll;

Double Roll plunges the cutter to full depth
between the start and end of the 1 roll, and then
generates full depth on the 2" roll;

can be Toe to Heel or Heel to Toe;

the use of Toe/Heel clearances allows
progressive cutter entry/retract for better tool
life (see the Target Volume in light blue below);
the Indexing Sequence allows spreading tool
wear and thermal load over non-consecutive
tooth slots.

Cycles for Face Mill cutters

™ Cutting Machine ==

Curting Machine EnC [Universal 5 & s - C] Finion (Finishin z][Morinal] - Cormeclt

[@ 0.0/R 0.00/X. -16.9496 /Y. 52384 Z 0.2852 /A -83.3418/C: 178.1692]
« i
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Cycles:

Face Mill Cutter — Fixed Setting / Semi-Completing cutting processes

« xx/yy: Istpart is Convex flank; 2" part is
Concave flank
» the use of Toe/Heel clearances allows

§" 5Axis CnC - Pinion [Finishing] 7537 Spiral.HyG - [mm]

| Machine, Tool | Cycle |Cycling Time/Power I Arbar I Face Mil | Operation | Proce55|

Output Format

[ Use Actual Tooth

[7] €SV Format

[ Line Numbers

Include Operation Switches
Include Short Header
Include Start Posttions

[ Explicit Indexing

] Mo Comments

[ Coondinates Only

[] Work Coordinates

[] Haas Horizon

/Cl.l'ting Cycle
Face Mill Cycle
@ Toe -Heel/ Toe -Heel
) Toe -Heel/ Heel-Toe
) Heel-Toe / Heel-Toe
1 Heel-Toe / Toe -Heel
) Double Roll - Toe to Heel
~ Double Raoll - Heel to Toe
) Mon Gen. Plunge Cut

=

Stock-Feed

# Steps 2
1

Retract Factor 40

0.381
[ Indexing Sequence
Skip# 1 Start Gap 1
Mimor [ EndGap 7

ﬂ{ Finish Stock 0,000

Clearance [mm]
Tee 20000
Heel  10.000

1.050 1000 250

0.250 200

100 250 1.2

J

| output |[ Aeply || +~ ][ Anm |[ ok || Cancel |

progressive cutter entry/retract for better tool
life (see the Target Volume in light blue below);
» Negative Finish stock pushes the cutter In such
as to compensate for tool wear;
 the Indexing Sequence allows spreading tool
wear and thermal load over non-consecutive
tooth slots.

" Cutting Machine

Cycles for Face Mill cutters

am?”

[lo 00K 0.00/K -16.0996 /1. 52384 Z 0.2852/A. -83.34918/C. 178.1692]
4 0

a ¥
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nC Post-Processor

Cycles: Face Mill Cutter

4" 5Axis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [rmm]

| Machine/Tool I Cycle | Cycling Time/Power | Arbor | Face Mil |Ope|ation | Process|

=
/ Face Mill Details MName 2" 17 50B/22 5B FM 2" 17 540B/22 5-IB|
Tool ID: 1 1250
2175/ 225
TLUID: 0 275" 2218 180E D.032PW
I 35" 1833308 21666 1B
Body Diameter 58.0479 35" 180B 2218
Eody Height 5.0000 2.0 BBZE'? E
2 MM oo
Blade Depth 48353 ¥ 53 mm Body
Cutter Gaging 0.0000 Tii
Number of Blades 12 FM 1.5" 150B/251B
Tool Lengih EE Tool Lengt S 08 /22 518
\| Cutter Holder E] / ; Gleason 12in
\\ / L Gleason 275in
- | Bodv £ Gleason 3.5in
Gleason 4.5in
Gleason 6in

7 Gleason 6 in +3mm

| | Gleazon &in +5mm

\ | 1 Gleason 7.5in

> Gleason 7.5in +3mm

— Gleason 7.5in +5mm
E’ Gleason 9in

IB-400 OD- 22.5 PA

the Face Mill cutter used on the 5Axis CnC
machine can be defined and saved;

cutter Diameter, Blade angles, Edge Radii, and
Point Width are those described in the Summary
Editor (see below).

OB-400 OD-17.5 PA

Feeds [mm/min]
RPM 250.0
Rapid Move 15000 Plunge 1000  Cutting 200.0

[ ouput || Apply || +~ || im |[ ok || cancel |

" Pinion [Spiral-Bevel] [Finishing][Mominal] s16-55a formate.hyq - [mm] [dd.m... [

| Blank | Cutter |TopF{em | Machine | Hi Order | Other | Operating | Rim-Material | Beal 1 | »

@ fn] ) [mm]
Concave-0B Convex-1B
Average Diameter 2 DDDD
Blade Angle 175 225
B Edge Rad. 00090 0.0030
Point Width 0.0220
Cutter Edge Straight - Straight -
Rad. of Curvature 0.0000 D.0000
Ref. Height 0.0000 D.0000
Number of Blades 12
Cutter Gaging 0.0000
[ Apply ] l OK l Cancel

Face Mill cutter definition
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5 Axis CnC Post-Processor

Cycles:

CoSIMT, End Mill, Ball Mill

%" 5Axis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm]

=5

| Machine/Toal | Cycle | Metrics I Cycling Time/Power I Arbor I End Mill I Operation I Process I Stock |

CoSIMT, End Mill and Ball Mill tools can rough
and finish tooth flanks and fillet;

CoSIMT, Bull Nose End Mill and Ball Mill tools
can finish the fillet, and a protuberance can be
imposed in the form of negative Stock;

End Mill and Ball Mill can Chamfer (i.e.
deburring) tooth Tip;

Positive and Negative stock can be used;

Toe and Heel clearances can be imposed;

The Indexing Sequence can be selected.

" Cutting Machine ==
Cutting Machine CnC[Universal 5 Axis 'A-C'] Pinion [Finishing][Nominal] - ConvexIb

Output Format Stock-Feed
0 [Regd. Sugg. Actual |
Use Actual Tooth # Steps By 8l Stat 1
t] Steps
[F] CSV Fomat . . O] Step
[] Line Numbers Risk of collision: check Cycle and #5teps
HF; idth Pt
Include Operation Switches acew s
Include Short Header e 3
Include Start Posttions Moving Contact Pt~ [C] — 0.0000
licit Indexi Constart D-Radi
[/ Bxplct Indesing onstant D-Redics L1y o Gk 0000
[] Mo Commerts Roughing ] =
[7] Coordinates Only 0.381
[7] Work Coordinates Clearance [mm] | Indexing Sequence
Tee 20000 Skip# 1 Start Gap 1
[~] Hazs Horizan Heel  10.000 Mimor [ EndGap 7
Cutting Cycle 4y
- Convex {I.B) Concave (0.B) N
Lk ) Mone ) Mone
(Z) Fank by Flank - -
) Rk by P @ Toe -> Heel -> Toe @ Toe -> Heel -» Toe
) Fillet-Root 10.00 ) Heel -» Toe -> Heel ) Heel -» Toe -> Hesl
1@ Tooth Aank Tool Pivet 0.000 () Toe -» Heel () Toe -» Hesl
() Combined [ Fixed ) Heel -> Toe ) Heel -» Toe
() Chamfer Tool Side Depth 0.000 () 1B-0B OShape-Toe () OB-IB OShape-Toe
() Chamfer Tool End . ) |IB0B O5hape-Heel 1 OB-IB O5Shape-Heel
. Chamf A.  D.000 _
() Chamfer Toe ) = () Rock Me [babe]
*) Chamfer Heel Pivot A.  D.000 K
M

| ouput || Apply ||+~ || Aim || ok || Cancd |

Cycles for CoSIMT, End Mill and Ball Mill tools

2’/
K

[a: -6.2/R:-61.98 /X: 13.8813 /Y: -12.1258 /Z: 18.2678 /A: 126.7734 /C: 366.3381]
m

«

<
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CnC Post-Processor

Cycles:

Example: End Mill tool, Toe-Heel-Toe (IB-Side) / Heel-Toe-Heel (OB-Side)

%4 Shxis CnC - Pinion [Finishing] 7x37 Spiral HyG - [mm]

5]

| Machine/Tool | Cycle | Metrics | Cycling Time/Power | Amor | End Mill | Operation | Process | Stock |

Output Format

[[] Use Actual Tooth

[ C5V Format

[7] Line Numbers

Include Operation Switches
Include Short Header
Include Start Posttions

[] Explicit Indexing

[ No Comments

[ Coordinates Only

Stock-Feed
[Reqd. Sugg. Actual |
# Steps e Start 1 [7] Steps
0 A‘ End 21 [0 TatPs
# Facewidth Pts 11 Bottom Up [

Retract Factor 2 @
Moving Contact Pt 0 -
Constant D-Radius
Roughing

O Finish Stock  0.000
[

0.381

/

[C] Work Coordinates Clearance [mm] | Indexing Sequence
Toe  20.000 Skip# 1 Start Gap 1
[ Haas Horizan Hesl  10.000 Mimor [ EndGap 7
Cutting Cycle :
V- Convex (1LB) Concave (0.B) N
© Slot by Slot ( None Nore
Hank by Flank - -
Sl o @ Toe -» Heel = Toe @ Toe -» Heel = Toe
"I Fillet-Root 10.0 1 Heel -= Toe -» Heel 1 Heel -= Toe -» Heel
e T':'Dth_ Flank Tool Pivat 0.00 ) Toe -> Heel ) Toe -» Heel
- Combined [] Fixed ") Heel -> Toe *) Heel > Toe
*) Chamfer Tool Side | pepth 0.00 ) IBOB OShape-Toe ) OB-IB OShape-Toe
) Chamfer Tool End Chamf A 0.00 ) |B-0B O5hape-Heel ) OB-IB OShape-Heel
I Chamfer Toe Bt A ) D.I}DL ) Rock Me [babe]
Chamfer Heel . - \
= A
[ Output J [ Apply ] [ +- I l Anim “ Ok “ Cancel ‘

Cutting cycles can be different for each tooth

flank (IB-OB, Left-Right);

a cutting cycle may start on the IB and finish on

the OB (Left-Right for non spiral-bevels);

for example, with the selections made in the left
figure, given the IB cycle ends at Heel, unless
otherwise dictated it could make sense to start
the OB cycle at Heel to reduce cycle time (the
tool path is the red line in the figure below).

End Mill cycles

" Cutting Machine

Curting Machine tat (Universal 5 &4 'A-C'] Pini on [Finishing][Norminal] - Concave OB

(=)

ﬁl] 02/MR: 153X -18453 1. 242305/Z 6.9701/A -96.8432/C. 165.8739] |
« n

¥
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The HyGE

ARS™ S Axis CaC Post-Processor

Cycles:

Example: tapered End Mill tool, O-Shaped cycles

% 5Audis CnC - Pinion [Finishing] 737 Spiral.HyG - [mm] (==l
| Machine/Toel | Cyele | Metrics | Cycling Time/Power | Abor | End Mil | Operation | Process | Stock |
Output Format Stock-Feed
[Regd. Sugg. Actual |
[C] Use Actual Tooth # Steps b Stat 1 7] Steps
[] C5V Format - Ed 21 [ TaPe
[ Line Numbers = ’
HF idth Pt
Include Operation Switches aeent s M Bottom Up [
Include Short Header e 3
Include Start Posttions Maving Contact Pt O - 0.0000
licit Indexi Constant D-Radi ]
[ Explicit Indexing onsta adius Finish Stock 0,000
[ No Comments Roughing 0 ——
[ Coordinates Cnly 0.321
[] Work Coordinates Clearance [mm] | Indexing Sequence
Toe  0.000 Skip# 1 Start Gap 1
[T Haas Horizon Heel  0.000] Mimor [] EndGap 7
Cutting Cycle
Convex (.B) Concave (D.B)
) MNone @ MNone
~) Toe -> Heel -> Toe 7) Toe -= Heel -> Toe
_ Fillet-Root 10.00 ") Heel -> Toe -» Heel ") Heel > Toe > Heel
LRI Taol Pivot 0.000 ") Toe > Heel 7 Toe -> Heel
) Combined [7] Fixed Heel - Tge Heel == Tog
“) Chamfer Tool Side Depth 0.000 @ |B-OB OShape-Toe ) OB-IB OShape-Toe
) Chamfer Tool End Chamf A 0,000 ) |B-OB O5hape-Heel 1 OB-IB OShape-Heel
1 Chamfer Toe ) T Rock Me [babe]
“) Chamfer Heel Pivot A.  D.000
| ouput || Apply ||+~ || Anm || ok || Cancd |

one starting flank — IB / OB - and tooth end —
Toe / Heel - is selected, the other being slave;

for O-Shaped cycles, the cutting cycle takes a
pass along the face width on the one flank and
switches to the opposite flank for return; the
cycle then switches back to the starting and takes
one step depth wise before starting over again;
can be a real time saver when used with a
Tapered End Mill or a CoSIMT.

O-Shaped cycles

" Cutting Machine ==
Cutting Machine CnC [Universal 5 &xis 'A-C'] Pinion [Finishing][Norninal] - Concave-OB -
|
‘ Xz
[l -9.1/R.-90.14 /. -0.5502 V- 29.8320/Z. 1.8862/A -85.0761/C: 260.2450]
‘ i v
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5 Axis CnC Post-Processor

Cycles:

Example: CoSIMT tool, Rock-Me (babe)

4" 5Axis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [mm] (=]
| Machine/ Taol | Cycle | Metrics I Cycling Time/Power I Arbor I End Mil I Operation I Process I Stock |
Output Format Stock-Feed
[Regd. Sugg. Actual |
[7] Use Actual Tooth # Steps 7 Stat 1 [F] Steps
[7] €5V Fomat = Bd 21 [ TFis
[ Line Numbers HE dth Pt = ’
Include Operation Switches meew =N
Include Short Header e 3
Include Start Positions Moving Contact Pt~ [] — 0.0000
[7] Explictt Indexing Constant D-Radius Furssh Sincke (0,000
[] Mo Comments Roughing [l ﬂ{ =
[7] Coondinates Only e
[7] Work Coordinates Clearance [mm] | Indexing Sequence
Toe  D.0DD Skip# 1 Start Gap 1
[7] Haas Horizen Heel 0.000 Mimor [ EndGap 7
Cutting Cycle
- Convex (1.B) Concave {0.B)
fnier ) None @ Mone
) Toe - Heel -> Toe ) Toe - Heel -> Toe
10.00 ) Heel -> Toe -= Heel ) Heel -> Toe -» Heel
@ Tacth Rank Tool Pivot 0.000 () Toe -> Heel {©) Toe -> Heel
() Combined [T Fixed ") Heel -> Toe 7) Heel -> Toe
— (") |B-OB QOShape-Toe (") OB-IB OShape-Toe
— (21 IRNB NShape Heel () OB-IB OShape-Heel
— [ @ Rock Me [babe]
| ouput |[ Apply I[ +~ || Aam || ok [ cancel |

the cycle starts at IB Toe-Tip, generates depth
wise to the Fillet, switches to the OB and
generates from Fillet to Tip, advances along the
OB face width, generates depth wise along the
OB side to the Fillet, switches to the IB and

generates till Tip, advances along the IB face
width, and starts over until Heel is reached;
this process is well suited to CoSIMT and
finishing in one operation.

Rock Me (babe) cycle

«" Cutting Machine =

Cutting Machine CnC [Universal 5 A s ‘A-C'] Pinion (Fini shing]{Norminal] - Coreslp

N

Tool Path

<")<

[lo- -8:87/R-86.95 /X: 13.9245 IY: -12.7373 IZ 19.3013 /A 127.1548/C: 392.2027] -z
< .
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The HyGEARS™ § Axis CnC Post-Processor
Cycles: Example: End Mill tool, Fillet
Fillet finishing is integral to tooth flank finishing
" 5Axis CnC - Pinion [Finishing] 7x37 Spiral HyG - [mm] @

| Machine/Tool | Cycle | Metrics I Cycling Time/Power I Arbor I End Mill I QOperation I Process I Stock |

[Regd. Sugg. Actual |

Output Format Stock-Feed
H Steps 6
[C] C5V Format # Bottomland Pts

[ Line Mumbers

Include Operation Switches
Include Short Header
Include Start Postions

# Facewidth Pts 11
Retract Factor 3

[ Explicit Indexing Constant D-Radius <{ ket Sk (0,000
[7] No Comments Roughing
[7] Coordinates Onty Rlank Stock  0.000
[] Work Coordinates Clearance [mm] | Indexing Sequence
Toe  D.00D Skip# 1 Start Gap 1
[] Haas Horizon Heel 0.000 Mimor [ EndGap 7
Cutting Cycle
Convex (1.B.) Concave (0.B)
) None @ MNone
) Toe -» Heel -> Toe ) Toe -» Heel -> Toe
[ @) Fillet-Root Tool Tt 10.00 ) Heel -» Toe -» Heel ) Heel -> Toe > Heel
——Footh-Hanl TooT Prvat U000 ) Toe -> Heel ") Toe - Heel
) Combined | [T Fixed ") Heel -> Toe
S Gt Toui oo | Dot 0000 ; IBOB OSh HI _ gg:: gg:ape_ﬁi
Chamfer Tool End 2 ape-Heel F - ape-Heel
) Chamfer Toe 0.0 ") Rock Me babe]
Chamfer Heel Pivot A.  0.000

End 21 [0 TatPts

<‘ Start 1 [ Steps

| oupet [ Aeply

||+ |[ aam ][ ok || cancel |

when using a Face Mill cutter since the tool
sweeping movement generates the fillet;

Fillet finishing is done in a distinct operation
when using CoSIMT, End Mill or Ball Mill tools;
negative Stock can be imposed to produce a
protuberance;

End Mill and Ball Mill tools can be tilted away
from the tooth to avoid interference;

Fillet finishing uses the same cycles as for Flank
finishing.

" Cutting Machine =)

Cutting Machine CnC [Universal 5 Axis %-C'] Pinion [Finishing][Norinal] - CorvelB.

Fillet cycles

022

[la” 81/R-30.83 /X. -0.4050 V. 29.0273/Z 0.9756 /A -84.5453 /C. 260.0558] |
‘ e
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The HyGEARS™ § Axis CnC Post-Processor

Metrics: Profile-wise step depth, slot width, expected surface quality

Profile-wise Steps

Machine/ Tool

Cyc Cycling Time/Power Amor  End Mill Operation Process Stock

Finishing Convex—-IB [Toe] [mm]
Step%/;’ct—ﬂidth Step-Depth Tot_Depth Flat-Width Flat-Prof. Ramp-Ang.

3 1
- [E—— 2=3 1l2.2043 0.71&0 2 _.2005 1.0023 a.0058 -
Considered Tooth flank < _
5.9725
2.14¢
Z.83€5

Finishing Convex—IB [Heel] [mm]
Stepg Slot-Width Step-Depth Tot.Depth Flat-Width Flat—P@-Aﬂg-

[Tooth Tip Diameter]

Starting Depth: 1.2050 ™~
1=2 24.843€ l.1s312 2.3982 1.9647 0.0074  0.2329
| V=3 22.04132 1.1758 3.8720 1.2850 0.0071 0.2342
Step by step breakdown ] 304 21.29%95 1.1527 4.7308 1.2081 0_00g7  0.2354
4 15 €263
Total - 3_525¢
Ending Depth 4,730

Finishing Concave-0B [Toe] [mm] W

Save Qutput +- Anim Ok Cancel

is CnC - Pinion [Finishing] 6x37 Spiral-73mmFwidth.HyG - [mm] X

[Too Tip Diameter]
Stpfting Depth: 0.75058 //
1=2 20.3535 0.7340 _d544 1.0555 0_00&2 -

[

:
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The HyGEARS™ § Axis CnC Post-Processor

Metrics: Length-wise step depth, slot width, expected surface quality

Length‘Wise Steps fucis CnC - Pinien [Finishing] 6x37 Spiral-73mmFwidth.HyG - [mm] >

Machine/To Cycling Time/Power Arbor  End Ml Operation Process  Stock

\ A
Length-Wise Steps |
Finishing Conwvex—IB [mm]
Pciuiﬁ/}' Flat Length Flat-Prof.
[Ta
ES 1.30862
- —1 A 1=2 1.3087
Considered Tooth flank - 1132
3=4 1.31¢€8
435 1.320%
S 1.3244
£=7 1.3280
78 1.3318
8>3 1.3357
5=10 1.3337
10=11 1.3437
1112 1.3478 \\\\‘
12-13 1.3520
13=14 1.3563
IR, 4 - .
Step by step breakdown 14-13 1-3¢0¢
15=1¢ 1.3850
16>17 1.3894
17=1a 1.3740
18>1% 1.378¢
1320 1.3833

Save Qutput +- Arim Ok Cancel
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The HyGEARS™ 5§ Axis CnC Post-Processor

Metrics: Scallop height: for Plunge Generation with CoSIMT

%" 5Axis CnC - Pinion [Finishing] Bx37 Spiral-73mmFwidth.HyG - [mm] >
Machine/Tool  Cycle : | Cycling Time/Power Abor  CoSIMT  Operation  Process  Stock

Stepping Dimensions

[Toe] ~
O=1 11.5015 0.1758
1x2 11.79493 0.15%33
2=3 12.1451 0.2127
34 lz2.5452 0.2345
4=5 lz.0102 0.25%532
5=¢ 13_5528 0.287%
&=7 14_15a045 0.321¢
7=8 14 5454 0.3822

Total = 103 .€945

Finishing Concave-0B [mm]

Point# Flat Length Flat-Prof.

[Toe] | h
01 11.7101 0.0041
1=2 11._585¢ 0.0015
2=3 12_3001 0.001e
34 l2.e5591 0.0043
4=5 l3.0€58 0.o0ae7
5=g 132.5400 o.oL1z7
&=7 14 _ 0308 0.0174a
7=8 14 _705& 0.021e

Scallop Helght _\icn:al : 104 0510
| Scallop Height [mm] 0.1a7 |
W
Save Output Apply +- Anim Ok Cancel
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Cycling Time: Flank by flank operation Cycling time breakdown

Convex Tooth Flank

Concave Tooth flank

MXchine/Tool Cycle Metics Cycling Time/Power  Arhor

% SAxis CnC - Pinion [Finishing] 6237 Spiral-73mmPFwidth.HyG - [mm]

End Mill Operation Process Stock

Convex-IB

Complete Cycle

W

Concave-0B

Tool Feeds & Speeds

Line:

Face:
Plunge/Retract:
Return:

Flank:

Line:

Face:
Plunge/Retract:
Return:

Flank:

\ Total/Slot:

Indexing:
§ Slots:
Operatiomn:

Cutting Feed:

Plunge Feed:
/l!pid Move Feed:

Tool BEM:

38

127

2.41 [sec]
€4 [sec]
.53 [sec]
.00 [sec]
.50 [sec]

.47 [sec]
.8% [sec]
.93 [sec]
.00 [sec]
.75 [sec]

.25 [sec]
.72 [sec]

00 [min]

-50 [mm/min]
1500.
3000.

12000,

00 [mm/min]
00 [mmy/min]

Power HReguired

For Each Tooth Flank

* Line: each line in the face
width direction

 Face: the complete tooth
flank

 Plunge/Retract: time needed
to go in and out of the slot;

 Return: return trip time
(when applicable)

For the current cycle

« Total/Slot: total time per slot

* Indexing: indexing time

 Operation: time needed to
complete the operation

Save

Output +/- Anim Ok Cancel
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The HyGEARS™ § Axis CnC Post-Processor

Power Required: Estimate of average cutting torque required from tool

% SAxis CnC - Pinion [Finishing] 6237 Spiral-7T3mmPwidth.HyG - [rmm] X
Machine/Tool Cycle WEI’ Abor  End Mill  Operation Process Stock COSIMT, End Ml” Ba,” Ml”
Cyele Times depending on the type of
Flank:  173.78 [secl A cutting cycle selected,
ComeavedE HyGEARS will calculate the
ey 20232 feee) ae value, which is the size of
Reruma: 0.0 [=ec) the cut / tool blade or flute, in
eissiee. 33002 feect order to estimate torque and
Trdgwing: 972 feec] power based on material Kc
Operation: 35.07 [min] Value.
Cutting Feed: 127.50 [mm/min]
_Plunge Feed: 1500.00 [mfm:?.n] . .
e oot Lonnn g | m Face Mill / Coniflex:
__________________________________________________________ HyGEARS calculates the
L Porer e ! volume of material to be
Uit Gomen spe 199 s removed from the gap and the
- Thaie Reddl 200 00ty time required to remove this
Power reqUIred A:e_eP;:rzr; ;.-J-_;lzlj Elir::]mn] - -
Ave. Torue: 0 001¢ [N-m] volume in order to obtain the

Ave. Torque and Ave. Power
Save Output /- Anim Ok Concel ValUES.
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The rlyGEARS™ 5 Axis CnC Post-Processor

Arbor: Blank supports on the machine.

Work body between Heel
arbor and Heel fillet

" 5Axis CnC - Gear [Finishing] 66809736400 16x39_m6,3173.HyG - [mm]

[l

|\1E|d1ine,-"|'oo| I Cycle | Metrics I Cycling Time |.Pu'bor

/\

Cumngachme CnC[Uitrix [CMM-Siemens]] Gear[Flmshmgl[Nommall Concse0B

Heel arbor definition

Detail=s
Length Dia
Work Back -.,
000" o0 | |
000 T, 0.00
_\\ 0o e 0.00
Heel -.._ ]
.00 0.00
0.0, 0.00
000 0.00
0.00 0.00
0.00 ., 000
Toe .
/ 0.00 0.00
— 0.00 0.00

Toe arbor definition

0.00 0.00

Output

l[a: 138 R: 15.36 /Xw: -25.5465 /Yw: 111.1720 /Zw: -54.7067 /A: 44.2382/C: 326.0422] [1/5] ;
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AXIS

CnC Post-Processor

Tool Definition: Tool dimensions, reference (tools are user defined).

Tool name & ID

Tool dimensions

Tip reference warning

/_ Tool list
" Ds CnC - Pinicn [Finishing] 7:37 Spiral HyG - [mm] (=23
| Machineﬁth\l\f.ycle I Metrics I Cycling Time/Power I Arbar | End Mil |Opemti9(| I Process I Stock |
End Mill Dela'ls\A Name  1.5mm Ball Nose 1.5mm Eall Nose! -
Tool ID: 1 1.5mm Ball Nose -
1.5mm Ball Mose GKN
TLUID: 0 1/16aper-ball
1/16 GMC ~
™ Diameter 15000 e
Edge Radius 0.7500 1/2" BallNose E
- 1/2" Sq EndMil
o 0.0000 folder Dismeter|ae | 1/32GMC
) : 1/8" 4FLUTE BALL ENDMIL
Cutting Length 4 5000 10mm BallNose
Cutting Length in ... 1.7500 [ Stem Diameter e }ﬁm EE!W';DSB
Tool Length 10.0000 - 14mm 2ER
14mm Sharp 1
Taper Length 1.5000 16mm Sharp P
Stem Diameter 3.0000 [ Cone Angle T Tmm 0.15 Edge
) ] 1mm Ball Nose
Holder Diameter 20.0000 — a 1mm GMC
Holder Length 30,0000 Lol aup | | 1mm Sq
E 25mm Sg
Holder Angle 0.0000 Diameter ; 2081688
Nurmber of Fiutes 4 A w T 25mm
Edge Radius —— /% Zmm Ball Nose GKN
Tip Reference : - / % 2mm BEull Nose
/ Tool Center Point |~ = 2mm EndMil
T 1 5084 ) 2mm Hoer Ball Nose | |
o i 2mm Sq GKN
15382 e 3/16" Bull 0.062"
[ 36529 RFM 12000.0 3/16" 5q EndMil v
E 37129 Rapid Move 30000 Plunge 15000 Cutting 100.0

'

-

Dal
/[omput I[CAeety J[ +~ ][ am || ok ][ cancel |

Tooth reference dims.

Tool feeds & speeds
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The HyGEARS™ § Axis CnC Post-Processor

Tools: CoSIMT tools (or Conical Side Milling Tool; same as Sandvik's InvoMill and Gleason s
UpGear) can have circular cutting edges which allow the generation of tooth profiles with
concave profile curvature, such as Face Gears. Blade angles are totally flexible.

<" 5fuis CnC - Pinion [Finishing] 7:37 Spiral.HyG - [rmm] (23]

| Machine. Tool ICyc.le I Metrics ICycIing Time/Power I Arbar | CoSIMT |Opemtion | Process | Stock |

CoSIMT Details Name  001_229263R75_D1 001_229263R75_D1 A
Tool ID: 1 [ Clear |[ Save || Detete |
TLUID: O
Out. Diameter 56.0000 ;
Dia. OB 548196 4 = e Radius of Curvature
Dia. 1B §5.6000 ‘ = WA Outside Cutting Edge
Pw. O 0.7350 ' i ]
P Width 1.5077 h
Edgs Rad. 0.4000 Radius of Curvaturs
Outside Angle 0.0000 > Inside Cutiing Edge
Included Angle 30.0000 -1
Edge Length 9.0000 | :
Edge Lengthin Use 2 0000 |
Outside R. Curv. 0.0000 —| I' i
1

Inside R. Curv. 0.0000 — |
Arbor Diameter 25.0000 !
Tool Length 105.0000
Number of Blades 12

1.5084

15392 Feeds [mm/min]

16575 RPM 1680.0

3.7129 Rapid Move 30000 Plunge 15000 Cutting 12600

[Output “ Apply ” +- ” Anim H Ok ” Cancel l
Definition of a CoSIMT Spherical Cutting Edge
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The HyGEARS™ § Axis CnC Post-Processor

Tool Reference Point:

the Tool Length to be entered in the 5Axis machine controller depends on

the location of the Tool Center Point (TCP), as follows.

/r———-r K?"‘\

Inside R. Curv.

Included Angle
', i h
‘-‘1‘-""\-\_—

v \

Inside Blade

]

i
I
I ', lI | As i
i i
) -..\ L | \ ;
" ' A \ | [ ! v
deld e \\ * | \ ‘
| |T=q=-- \y \ [| . S
' A |
I i }" . .
. N, E
¥ | \ . -
I ' P
' ,
| \
'

Body Height

|
|
i 'Y
i ¥
i 'y
.
|
Tool Center Point : Tool L@
T T | ~
|
o | L
I'. ..' L I'. .'. Y
\ _ 'y
|
Blade Tip

CoSIMT : TCP (located @ mid P.Width)

Face Mill Cutter: TCP (in the plane of blade tips)
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The HyGEARS®

"5 Axis CnC Post-Processor

Tool Reference Point:  End Mill / Ball Mill tools: reference can be given at TCP or Tip.

3

| Holder Diameter J—b Holder Lengih

3
£

h 4

Stetn Diameter

. Tool Length
.
II Taper Length

A Y

Taper Angle

'

|

Tool Center Point

.

e

Ball Diameter ‘ |\_

Tip Reference

Ball Mill : TCP and Tip

[FlderDimets |—oje—s @T@

!
| v
|

r

| : / A
Cone Angle ,k—'—'—‘—-# Tool Length
: Cumng Length
To 01 Center Point |

Dmmeter

Tip Reference

¥
j Edae Radius

End Mill: TCP and Tip
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The HyGEARS™ § Axis CnC Post-Processor

Tool Reference Point:  Probe and Coniflex™ dish type cutter: TCP,

T

» | Holder Leneth |

| Holder Diam eter I -t

¥ |~‘- Po:.nt Diam eter

Probe Length IW"MI\Z\

‘ Stem [Ham eter |—b

Tool Center Point ‘

Edge Radius Blade Thickness IUDl T-E'ﬂEth
|
i
i

L J

I
I
I
f
I
I
I
|
|
I
|
|
|
|
I .
| acL. Angle
J_
|

Probe Diam eter

Probe: TCP Coniflex Dish Reference Point
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The rlyGEARS™ 5 Axis CnC Post-Processor

Part Reference Point:  The reference point on the work piece changes with geometry type; it is
tool independent.

" Cutting Machine

Cutting Machine Pinion[Finishing]TNominaI]-Leﬁ |

1

Work piece reference point:
Mid-face width (on the Axis)

=

p
ﬁq: 0.0/R: 16.74 00 26087 N -T61100/Z 107970/B: 64.9083/C. 194.8103] |

Spur/Helical/Beveloid/Herringbone gears




The HyGEARS™ § Axis CnC Post-Processor

Part Reference Point:  Straight Bevel / Spiral Bevel / Zerol / Coniflex gears.

" Cutting Machine

Cutting Machine CnC[Matec-30-HY] Pinion [Finishing][Marinal ] - CorwesslB

157 500 - @

E

[a: -3.5 /R:-14.20 [Xw: -88.6444 Yw: -4.2637 /Zw: -130.7288 / T -0.56200/ Ty: 0.81206/ Tz:-0.15722] |

i—z

Work piece reference point:

Pitch cone Apex

Straight Bevel/Spiral Bevel/Zerol/Coniflex gears
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The rlyGEARS™ 5 Axis CnC Post-Processor

Part Reference Point:  Hypoid gears.

" Cutting Machine

Cutting Machine CnC[Universal 5 &xis 'B-C'] Finion [FinishinngominaI]- Corree| B

ﬁq: -9.1/R:-20.58 X. 39.5634 /Y. -63.8406 /Z: -43.6745/B: 106.3012/C. 11.5980] |

Work piece reference point:
Crossing Point (Xp)

Hypoid gears
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\RS™ 5 Axis CnC Post-Processor

Part Reference Point:

Face gears.

" Cutting Machine

Cutting Machine Gear[Finishing]TNommaI]- Left

by

ﬁq: 0.0/R: -5.81 ¢ -1.3204 /v: 1422507 /Z. 50.8943 /B: 96.88916/C:. 5.8093] |

4

(]

Work piece reference point:
Pitch Plane (on the Axis)

Face gears
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The HyGEARS™ 5

Axis CnC Post-Processor

Operation: Saves all switches and choices such as to be reusable.

Operation name

N

—

Operation list

-ql.

s CniC - Pinion [Finishing] 7:37 Spiral.HyG - [mm]

5

| Machine/TodN Cycle | Metrics | Cycling Time/Pawer | Amor | CoSIMT | Operation | Profess | Stock

- Operation
Operatlon ID ~~ Name  CoSIMT 001_229263R75_01 CoSIMT 001_225263R75_D1 -
Used for the name of the A D# g e
part program and (Save | [Dote | [impon | (5727  [Outpt]
sub- programs _ \
1 ] ] ] 0 ] - "
Ii”u' :z : - - - - - Main and sub programs in
L — same file
Programmed tool change | ———— | Gp® |1 o 0 0 0 o
Switches
If 1st Gap =0, then no | Coolant On Coolart On Code M8
Tool change occurs. Coolartt Off Code 13
/ S Spindle CW Spindle RFM  600.0 =
| . 1 LiE - 0.0175 - R
A Spindle CCW oo < | Tool cutting torque; used
Operation switches - :"SDDDDDD o’ to estimate required
- R T £ .
May be turned On/Off in e torque & power.
the Output Format Feeds [mm/min] :
Rapid Mave 30000
,/ el 15000 Imposes the tool return
Cutting |IB Toe->Heel |B Heel-:Toe OB Toe-:Heel OB Heel-3Toe path
J 1260 100.0 100.0 100.0
Tool feeds & speeds
Origin from tool, and are :
|Out|:n.rt H HApphy ” || Anim || Ol || Cancel |

overridden here.
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5 Axis CnC Post-Processor

Operations: The Operations page allows saving combinations of Machine, Tool and Cutting Cycle
selections, for the current geometry, under one identifier such as to be able to use the
same combinations with different geometries, or when defining Processes.

%" 5Axis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [mm]
Machine/Tool | Cycle | Metrics | Cycling Time/Power | Abor | CoSIMT | Operation | Process | Stock
Operation

MName CoSIMT 001_225263R75_D1
I &:

CoSIMT 001_225263R75_D1

| Output I]

00

| Save || Delete | | Import | [ STEP |

Tool J
Tool D 1 0 0 0 ] ]
TWID 0 0 0 0 ] 0
Gap#H 1 1] 1] 0 1] ]
Switches
| Coolant On Coolant On Code M3

Coolant Off Code M3

e Spindle REM  600.0 =
indle I —
Spindls CCW ) 0.0175
ae: 0000  [mm]
Retum Trip Ke: 1B00.0
H Steps 1
Feeds [mm./min]
Rapid Move 3000.0
Plunge 1500.0
Cutting |IE Toe-xHeel B Heel->Toe OB Toe-xHeel OB Heel-=Toe

126.0 100.0 100.0 100.0

Intemal Subroutine

=

. it is saved in the “Operations.fil ” file
stored in a geometry s folder;

» the Save / Delete buttons conserve and
erase the selected operation;

 the Import button allows importing
Operations from other geometries; thus,
Operations can be re-used;

 the Output button generates the part
program for the selected Operation;

» Tool Changes can be imposed at specified
tooth gaps;

» Several Switches can be imposed to any
given operation.

« an Operation is specific to a geometry, i.e.

[output [ mppy ||+~ |[ Anm |[ ok

| | Cancel |

Operations Tab
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The HyGEARS™ § Axis CnC Post-Processor

Operations: The STEP button displays a selection window where one Flank and one Fillet
operation are selected, and then combines the selected operations in one STEP file
which can be read by any CAD-CAM software, such that the actual shape of the tooth
can be exported for assessment at any intermediate manufacturing step.

&4 SAxis CnC - Pinion [Finishing] 737 Spiral.HyG - [mm] 3
| Machine/Tool | Cycle | Metrics | Cycling Time/Power | Abor | CoSIMT | Operation | Process |Stock
Operation =
Mame CoSIMT D01_229263R75_D1 CoSIMT D01_223263R75_D1 -
ID# 002 Intemal Subroutine
| Save | [Delete | [ Import | [ STEP | [ Output |

Tool Change )

Tool ID 1 0 1]

TWwip 0 0 0

GapH 1 o |
Switches

Coolant On Coolant On Cofe M2

Coolant Off Coda, M9
" STEP File from Operations @
Flank Operation:  §1-CSlot CaSIMT - /
i Fillet Operation: FinFilet EM -
" 2
126.0 100.0 100.0 100.0
| output || Aoty || +~ || Aim |[ ok || cancel |
Operations: STEP output Final tooth: 0 Flank Stock, -1.5 mm Fillet Stock

/3




The HyG

il [‘J
e

) Crrv
! /-\_ I

~
~

—

2

Axis CnC Post-Processor

Process: Organizes Operations in a user defined sequence.

Process name

Process ID
Used for the name of the
part program and sub
programs

Available Operations

N

—~

" 52N CnC - Gear [Finishing] 66811144400 23:24_m7,8887_new_V0a.HyG - [mm] / [=23a)

| Machine/TooNCycle | Metrics | Cycling Time | Abor | End Mil | Operation || Procss | stock

MName

M D

Processes

66811146000_Rou_L
6001

[ Save ] [Deleie ] [ Import ] [Summ ]

66811146000_Rou_L -

Process list

Intemal Subroutine

[7] No Comments \

Available Operations

- Process Content

(] ]

G_C_BM_Fin_THT_0-49/43_D4_B-

"EMCh_HeelD.5_PiAZ10_D8_B-
Ch_Heel0.5_FiA45_DB_E-

“Hee0.7_D15_B-

“Heel0.7 PiAd5_DE_B-

Heel-1.0_D13_B-

Heel-1 D19 B

l.’_)ﬂﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁﬂﬁﬁlﬁﬁlﬂﬁlﬂﬁﬂ

Fin_ THT D—'IU'I'I_D'I
Fin_THT_0-11/11_D1
Fin_THT_0-11/11_D8
Fin_THT_0-11/11_D§
Fin_THT_0-13/13_D8
Fin_THT_0-15/15_D#&
Fin_THT_0-15/15_D8
Fin_THT_0-15/15_D8_|
Fin_THT_0-8/3_0d4_B-
Fin_THT_0-3/3_D&_B-

QQQQQQQQQQQQQQQQQQQQQQ

“~

m

G_C_EM_R_SI_CxT_1-2/3_D10_B-

_OxT_4-4/5 DB B-
_OxT_55/5_D6_B-

All Main and sub
programs in same file

Overrides the No
Comments switch for all
Operations of a Process

(ot | o |

|| Anm || ok || cancel |

Selected Operations

4




The HyGEARS™ § Axis CnC Post-Processor

Process: A Process is an ordered sequence of Operations in which a Main, or Calling, program
Is generated which calls the selected Operations in the requested order.
For example, right column in the figure below, the Main program would call Operation
“Rough MPass” first, and then Operation “Rough Fil-MPass”

" 5Axis CnC - Gear [Finishing] 66811144400 23:x24_m7 8887_new_V0a.HyG - [mm] @1
| Machine/Toal ICyc:Ie I Metrics I Cycling Time Ia’-"rbor I End Mil IOpelation | Process | Stock i . . .
» A Process is specific to a geometry, i.e. it is

Neme 66811146000 Fou_L = saved in the “Processes.fil ” file stored in a

D% go01 7] Intemal Subroutine geometry K folder"
(Save ] (Ddete ] (o [ S ({'O—'““’”‘ o Comments = A Process can contain any number of
Available Operations I:I |:| rocess Content III - 9 .
G_C_BM_Fin_THT_0-45/45 D4_B- » |||G_C_EM_R_SI_OxT_1-2/3_D10_B- Opel’atIOI'.]S - the -COI’ltI"Oller' S memo’/y belng
G W es 0 A Do B |F][ GCEM Ao onT s e/a De the practical limit;
G_C_EM Ch_Heel0.7 D19 B- G_C_EM_R_F_THT 0-3/3 D6 B-
G EM O o1 B G-CENTD 9.0y DTS B * the Save / Delete buttons conserve and
E:E:EE:@:??'EE %lst[ﬁgg \G BN G a7 A OE erase the selected Process;

M _Lh_Tip- v _ - .
E G103 Pty 3 5 » the Import button allows importing
G CTEM G Toan Pinds, 08 £ Processes from other geometries;
G_C_EM_Fin_THT_0-11/11_D12_B-
gEEEE ﬁ Eﬁﬁ Eéfgﬂ « the Output button generates the complete
G-CEM P THT 0-13/13.D8 5. part program for the selected Process;
G_C_EM_Fin_THT_0-15/15_D&_B- . . . -
G EM P THT 0o AE Do b « All Switches imposed in any given
G_C_EM_Fin_THT_0-9/5_D4_B- . .
G_C_EM_Fin_THT_0-8/9_D6_B- % operation appear In each step of the
Process.
| ouput || Apply ||+~ || Aam || ok ][ cancel |

Processes Tab




CnC Post-Processor

Output:

The Output button instructs HYyGEARS to read the selected user choices, generate the
part program and send the output to a Text Results window.

% 5Axis CnC - Pinien [Finishing] 7:37 Spiral.HyG - [mm]

Machine/Tool C‘.-'C|E Metrics | Cycling Time/Power | Abor | End Mil | Operation | Process | Stock

/ Output Format \ Stock-Feed
[Reqd. Suga. Actual |
Use Actual Tooth # Steps 71 Stat 1 Steps
C5V Format - End
) 0 21 Tat.Pts
Line Mumbers HF idh Pt Bottom L
V| Include Operation Switches ace s 1 mllis
V| Include Short Header TEELEET 3
V| Include Start Positions Moving Contact Pt - 0000
licit Indexi Constant D-Radi v
Explcit Indexing ot =S Finish Stock  0.000
No Comments Roughing ——
Coordinates Only 381
Work Coordinates Clearance [mm] " Indexing Sequence
Toe  0.000 Skip#E 4 Start Gap 1
\ Haas Horizon j Heel 0.000 Mirmar EndGap 7
Cutting Cycle
Convex (LB) Concave (0B
Sk MNone MNone
Flank by Flank
= @ Toe -» Heel -> Toe @ Toe -» Heel -> Toe
Fillet-Root 10.00 Heel - Toe -» Heel Heel -> Toe -» Heel
@ Tocth Flank Tool Pivet 0.000 Toe -> Heel Toe -> Heel
Combined Ficed Heel -» Toe Heel -» Toe
Chamfer Tool Side Depth 0.000 |B-OB OShape-Toe 0OB-IB OShape-Toe
Chamfer Tool End |B-0B O5hape-Heel (OB-IB 05hape-Heel
Chamf A. 0.000
Chamfer Toe i = Rock Me [babe]
Chamfer Heel Pivot A, 0.000
| Output H Apply ” +- || Anim || Qi || Cancel |

<

Part program Output

A part program comprises:

» aHeader, in which user selections,
machine settings and tool definition are
listed; this is optional at output time using
the “No comment lines” switch,

» a Preamble, specific to the selected
machine, where machine code desired by
the operator is added automatically;

 the Indexing Sequence, where each tooth
slot calls the actual cutting program in the
specified sequence order;

 the actual cutting program with tool path
coordinates;

» Work Coordinates indicate that X, Y and Z
are in work piece coordinates, and that
angles A, B, C are machine angles;

» Traori, TCPM, TCP and TCPC indicate
that the unit vector of the tool axis is
provided along with X, Y and Z in work
piece coordinates.

76




The HyGEARS

il r‘l

Post-Processor

Output:

the Header lists user selections, machine settings and tool definition.

p." Part Program for : Gear [Finishing] 13x33d400_final_REG.hyg

File  Edit
T
: PROGRAM MAME : #2 Finish Moving Contace [1-10/10]
:PROGRAM DATE : 07-21-2015
 SUMMARY VERSICH : [Nominal]
sTOOL ID : 120121 27588 367
:TCOL DIAMETER : 6.00[mm]
sTCOL LENGIH : 40,00 [mm]

R R R E AR KRR KRR KRR AR AR R R E AR AR R

; Date / Time
General Units
Cutter Units
Prepared by
Version

HyGERRS V 4.0 @ @

Part Program

Machine

Operation

Member
Controller
Coordinates
Indexing
Contact Point
Tooth line sep.
Stock left
Tool Length
Bpex Location

; ¥ Gaps

; Start

H End

H Increment
: # Steps

; Start

H End

# Points width
Tool Tilt Angle
Retract factor
Toe Clear. [#pts]
Heel Clear. [#pts]
Compensation
Cutting Cycle
Target

IB/Left Cycle
OB/Right Cycle

21/07/2015 / 6:13:44 PM
[mm] [dd.mm.s=ss]

[mm]

Claude Gosselin
4.0.404.60-457

13x33d400 final REG.hyg

CnC [Ultrix] - [Finishing] [Nominal]

#2 Finish Moving Contace [1-10/10]

Gear

Siemens

Work Piece
Controller code
Fixed

Cst D-Roll
-0.5000
40.000

0.000

33

1

33

1

[

1

B

11

10.000

2.0
50.000[3]
20.000[3]
Tool Center Foint
5lot by Slot
Fillet Area
Toe-Heel-Toe
Toe-Heel-Toe

p." Part Program for : Gear [Finishing] 13:33d400_final_REG hyg

GEAR [FINISHING]

CUTTER SPECIFICATIONS [I.B.] B. WL
Average Diameter 304.8000

Blade Angle 28.4178 -4156
Blade Edge Radius 4.,1910

Point Width 6.1112

Rad. of Curvature .0000 &350.0000
Rad. of Curvature-Ref. Height 0.0000 .0000
TopRem Depth 0.0000 .0000
TopRem Radius 88.9000 .0000
Cutter Gaging 0.0000 .0000

GEAR [FINISHING] :Spread Blade
MACHINE SETTINGS - #175-5

m

Radial Distance

Cutter Tilt

Swivel Angle

Blank Offset

Machine Root Angle
Machine Center To Back
31iding Base

Rate of Roll

Cradle Angle

WORKPIECE DIMENSICNS

# Teeth

Module

Face Angle

Face Width

Front Crown to Xp
0D Toe

OD Heel

END MILL TOOL DEFINITICH

Hame

Diameter

Edge Radius

Cone Angle

Cutting Length H
Cutting Length in Use:
Tool Length :
Stem Diameter

Holder Diameter

.9870
L1644
3272
.0000
L5626
.0947
. 7400
1.07255
54.3272

33

.121
-T46
B.749
-047
.51z
.036

-000
.000
.000
-000
.000
.000
8.000

.000

Output: Header — 1%t part

Output: Header — 2" part

[




The HyGEARS™ § Axis CnC Post-Processor

Output:  Indexing Sequence: indexes the work piece axis in the specified sequence.

w Part Program for : Gear [Finishing] 13x32d400 final REG.hyg \EI@

File  Edit

P mmmmm e Start of Program  -—————————- 74 -
SEQINDEX[1] =

SEQINDEX[2] =
SEQINDEX[3] =
SEQINDEX[4] =
SEQINDEX[5] =
SEQINDEX[E] =
SEQINDEX[7] =
SEQINDEX[8] =
SEQINDEX[S] =
SEQINDEX[10] =
SEQINDEX[11]
SEQINDEX[12]
SEQINDEX[13]
SEQINDEX[14] = 14
SEQINDEX[15] = 15
SEQINDEX[16] = 16
SEQINDEX[17] = 17
SEQINDEX[18] = 18
SEQINDEX[19] = 19
SEQINDEX[20] = 20
SEQINDEX[21] =
SEQINDEX [22]
SEQINDEX[23] =
SEQINDEX[24]
SEQINDEX [25]
SEQINDEX[26]
SEQINDEX[27]
SEQINDEX[28] =
SEQINDEX[29]
SEQINDEX[30] =
SEQINDEX[31] = 31
SEQINDEX[32] = 32
SEQINDEX[33] = 33

[ A L S

L (I
R
W o

[

[

I
LR MR R R R R R R
(SRR R I TR S X

TEETH ANGLE = (360/TCTAL TEETH)

TEETH ANGLE = (ROUND(TEETH ANGLE*100000)/100000)
TRACRT

ORIRXES

P Start of Cycle —-—————————
H Section 1

T120121 Me

———————— Tooth Space § 1 ——————————mmn
RESTART TEET‘I 1
TRANS C= (TEETH ANGLE*SEQINDEX[ (RESTART_TEETH) 1)
STCOPRE
EXTCRLL "PROCL"™
;P Tooth Space # 2 ——-—-————-
RESTART TRETH=2

Output: Header — Indexing Sequence




The HyGEARS™ § Axis CnC Post-Processor

Output:  Tool path coordinates: the actual tooth flank cutting commands.

ﬁ'{ Part Program for: Gear [Finishing] 13x33d400_final REG.hyg

File  Edit

;o mmmm— - Cutting Cycle  -———————————- - v -
STRRT1: e
TRANS C=(TEETH_ANGLE*SEQINDEX[ (RESTART_TEETH)]) W
STCERE

;e Convex —-—————————————- =

; Toe
F=HYG_RMOVE_FEED
Gl X43.53071 ¥110.61900 Z-3.74949 A35.756273 C=DC(400.152521)
F=HYG PLUNGE_FEED

Gl H26.06661 ¥89.81821 Z-41.36221 A35.756273 C=DC(400.152521)
F=HYG CUT FEED
Gl X25.26790 ¥Y103.03668 Z-47.52692 RA36.029326 C=DC(397.961522)
Gl XK22.55098 ¥116.12572 Z-53.68882 A36.265516 C=DC(395.416752)
G1 X17.92101 ¥129.18801 Z-59.84734 RA36.460072 C=DC(392.519123)
Gl X14.29067 Y136.7E8683 Z-63.44583 R36.550894 C=DC(390.645807)
Gl X10.10552 ¥144.30330 Z-66.99595 A36.625650 C=DC(3BE.695267)
Gl X5.34714 Y151.70683 Z-70.49853 A36.680815 C=DC(386.646779)
G1 X-0.00629 Y158.96533 Z-73.95076 RA36.716033 C=DC(384.496324)
Gl X-5.97993 Y166.04370 Z-77.34803 R36.731920 C=DC(3B82.244733)
Gl X-12.80486 ¥172.90406 Z-80.68036 A36.732209 C=DC(379.913287)
Gl X-19.90785 ¥178.49789 Z-83.95180 A36.T709655 C=DC(377.447298)
G1 X-27.93179 Y185.77627 Z-87.14607 RA36.670126 C=DC(374.886054)
Gl X-36.71690 Y191.67622 Z-90.26119 A36.607962 C=DC(372.189166)
Gl X-46.31630 ¥197.12535 Z-93.28804 RA36.523252 C=DC(369.350248)
Gl X-54.77268 ¥Y201.37589 Z-95.73668 RA36.4348%4 C=DC(366.904596)
Gl X-63.87406 Y205.45836 Z-98.185E85 RA36.327558 C=DC(364.320003)
Gl X-73.611el ¥Y209.37427 Z-100.63336 R36.199903 C=DC(361.595408)
; Heel

Gl X-73.08370 Y208.26241 Z-100.84835 R34.528E885 C=DC(360.2892053)
Gl X-63.34294 Y205.30060 Z-98.40175 A34.664243 C=DC(362.2023E0)
Gl X-54.24202 Y201.17677 Z-95.95369 RA34.780279 C=DC(365.378343)
G1 X-45.78994 Y196.88887 Z-93.50434 R34.873262 C=DC(367.718440)
Gl X-36.23343 Y191.41968 Z-90.49238 R34.975347 C=DC(370.41831§)
Gl X-27.48794 ¥185.50425 Z-87.38904 A35.051837 C=DC(372.984634)
Gl X-19.50004 ¥178.21428 Z-84.20582 A35.106547 C=DC(375.413710)
G1 X-12.23398 Y172.61331 Z-80.94058 A35.150787 C=DC(377.779319)
Gl X-5.64100 ¥165.74836 Z-77.61518 A35.169065 C=DC(379.99018E
Gl X0.29936 Y158.66957 Z-74.21937 A35.178710 C=DC(382.154580)
Gl X5.62143 Y151.41360 Z-70.76635 A35.171167 C=DC(384.222515)
Gl X10.35029 ¥144.01533 Z-67.26063 R35.146073 C=DC(386.133378)
Gl X14.50776 ¥136.50658 Z-63.70516€ A35.103886 C=DC(3B8.071130)
Gl X18.11037 ¥128.91874 Z-60.09715 A35.051995 C=DC(389.302054)
G1 X22.66829 Y115.94751 Z-53.94874 RA34.929071 C=DC(392.726020)
Gl ¥25.31506 Y102.97743 Z-47.79827 R34.774315 C=DC(395.238174)
Gl X26.04511 ¥90.00484 Z-41.64624 A34.591863 C=DC(397.436114)

; Toe

"1 ¥3F 170732 ¥EGQ Q8&S1 F_471 O1NAS TEI 4SC4AN ~=NriEad S731Eah

Output: Tool path coordinates (with comments)




The

FlyGEARS™ 5 Axis CnC Post-Processor

Sample Result 1:

13x37 6.5 mm module, Face Milled hypoid gear set: soft-finish.

Contact Pattern checks show perfect agreement with HyGEARS' prediction.

&

Actual Contact Patterns

HyGEARS Contact Patterns

Heel

Heel

Gear Concave-0B Gear Convex-I1B
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Sample Result 1:

13x37 6.5 mm module, Face Milled hypoid gear set: hard-finish.
Contact Pattern check shows perfect agreement with HyGEARS' prediction.

* Pinion Fixed Setting — Generated

» Gear Spread Blade — Generated

« Cut on DMUG65 Monoblock (AC type
machine)

* Roughing : CoSIMT

* Pre-Finishing : Bull Nose End Mill

* Hardfinish: Tapered End Mill

r

- ’
4

Actual Contact Pattern
Pinion OB - -

) —

HyGEARS’

13x37 hypoid gear pair on the VH tester

Predicted Contact Pattern N
Pinion OB __\
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The HyGEARS™ § Axis CnC Post-Processor

Sample Result 1: 13x37 6.5 mm module, Face Milled hypoid gear set: Pinion CMM output after
hard-finish shows negligible deviations between actual and HyGEARS’
theoretical.

Workpiece No. Ho. of teeth Measured teeth Mounting distance Md. Diff. Comment
GEAR PRO ? . 13x37p2 Testing 2 9x5 grid 13 1,23 4 5 6 124587 - 0127

b | Part No. Summary No.  Meas. point Pitch Measuring direction  Deviations Pitch
eve 19882-01-02 Final — Radius = 45.818eight = 29.817 Counter-clockwise MNormal section
ini 1 2 3 4 5 8 T B 9
PI nion 1 +1 + +2 +1 i +3 +3

Warp factor
3 o o o . -0.25'|3.00°
/ /G /D ,/D / /D /0 / / A
4 1 1 1 1 1 1 1 1 1 Flank 1 6 (om
-1

-0.0 _2iMmy
/ / / / 24 SO
5
gt 0.50 mm o -0 -0 -0 -1 -2 -2 12 Tolerances 1507150 1@ = 05271100
4=+ 1.00mm Toe Tip Heel Square error 96
-1 =l =1 -1 -1 -1 =l

v. 5.0 mm/s ] 0 0 Tolerances 150 /-15.0
fa=-0.11"]1.00"
y \ \ \ \ 02 a I

) 4 \1\ .0 \:o\ \.0\ \o\ \1\ \.1\ 1 2 Flank 2 - 1My
\ \ \ CONCAVE Jiom
0 ] 2imax)

) 0 0 ] 1 fb= 0.07'|1.00"

1 1 Warp factor

I 2 \J \ \ \ 0 \ \.1\ ] \1\-0.20'|3.00'
40 pm \
-1.4 ; 1 1 1 1 0 0.7

+0 +100 +1
1 2 3 4 8 8 T B 9
DIN 3965/86
Fp= 216 (415
Tooth thickness * fp= 7.8 (515
Tip cone Root cone pitch flank 1 +0 +0 = 86 (5

) CONVEX -3 8 i T )
57 42<-30 230 12 T T T | " _ Frsn= 20.4 (5/5)
Tos I4u pum ( Fr= 104 35
=3 -_. 73

-104 TR X1 o~ Fp= 200 15
) -2
Pitch flank 2 == . fp= 9.9 (519
concave ¢ *2 + He L, L. 7 3 *0 P
55 | 54 Y ofus= 84 (419
Hael
=+ 1.00 mm Frsn= 18.0 (45
Tootn thicknzss angie - 13.7471 *
ZEIXY Data path CMM Ho. é Date Time Operator Customer Signature Quality evaluation
1393701288 000000 o
N N:AGA4EI4E2 125 Hypokd Pinion Shaftibeval cutting processiommii 3x37p2 Tes 01.03.2014 13:14:28 Master
‘Wemake it e,
cwa:g?rmn Taaw- 7017 TEAN PG Baval W 4G 01 fam 7508 075 TIE0 Be TN Time of measurement M. 25, 5eC. 06
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The HyGEARS™ § Axis CnC Post-Processor

13x37 6.5 mm module, Face Milled hypoid gear set: Gear CMM output after
hard-finish shows negligible deviations between actual and HyGEARS’

Sample Result 1:

theoretical.

No. of teeth Measured teeth
37 1,2,3.4 5 6

Mounting distance Md. Dift.  Comment
63.500

First piece finished_ T8 run for entire part.

GEAR PRO % P TatEPAK
bevel Q farthe

19882-02-01 fry1

Summary No.  Meas. point Pitch

— Radius = 98.874Height = 17.494 Counter-clockwise

Measuring direction

Deviations Pitch
Normal section

Ring gear

9

1
-0.8

\

4~ 200mm Toe

1 Warp factor
-0.33°
fb=-040" PR
4 6D
Flank 1 X
3.8 / CONCAVE - 2iMn)
5
hgl— mm fa=-038"

Square error 638

v. 8.0 mmis 5
fa= 172°
3.4 P Flank 2 - i)
CONVEX 12(08)

3 BiMax)
\ \ fb= 027"
Warp factor

I 20 pm

-0.52°
7.6

8

AU

DIN 3965/86
Fp= 13.8 (3]6)

Tooth thickness + 5 e GG T 09+8+7+5 T fp= 25 (16
Pitch flank 1 -0+ 0=t 14430, 102, g S = 40 216
coNcavE 7 B I o . o 5 B i P VR u= 4
-16] 30 — Frsn= 109 (3]6)
Toe Izu pm Fr= 262 (516)
Fp= 184 (316)
Pitch flank 2 . fp= 46 (316
fu= 3.7 (219
e 4=+ 2.00mm Frsn= 17.1 (4]6)
Tooth thickness angle - 4.8045°
Data path CMM No. & Date Time Operator Customer Signature Quality evaluation
13836822628 e’ .
ot oy, N1GA48B2226 Hypoid Ring Gearioeve! sutling prosessiammi 133794 14025 28.02.2014 15:28:49
o g R R TORT T R T R TI0s F R ST
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The HyGEARS™ § Axis CnC Post-Processor

Sample Result 2: 26x26, 1.5 mm module, duplex helical spiral-bevel pinion cut using a Face
Mill cutter.

Pinion CMM output after soft cut show a combination of pressure and spiral
angle errors, plus some surface bias and lengthwise crowning.

Orginal Flankenform fehler RMS Flanke 1:0.0146

o=
=
(%]
—
i

Flank 1
fa=-92.08

0.0323 4 wf=-T7.75 /10 mm
=N -0.0024
Toe Topland Heel
|
0.0037 ===
"y =S N fb=-272
002 T fa=-93.05
Flank 2~ = S .- —\_wf=-100.81 /10 mm
(Convex) i
]0.0500 mm

EMS Flanke 2:0.0119; Quadratfehlersumme:0.00002464
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CnC Post-Processor
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Sample Result 2:

GAGE s calculated Correction data and expected residual errors after re-cut

show negligible pressure and spiral angle errors

the Concave too

flank.

but crowning will remain on

GLEASON Maschinenkorrekjuren

Flankformmessung bezogen auf medifizierte Soildaten - 11/26/2014/13:10:14
275HC Summarydaten- Andenjngen (991801)

ﬂdialabstand

Neigungswinkel
Schwenkwinkel

Maschinengrundwinkel

Schlittenplatte
Walzverhaltnis
Walzmitte

AM. Eingriffswinkel
|.M. Eingriffswinkel

Zahndickenfehler

Quadratfehlersumme (original)
Quadratfehlersumme {nach 1st)

O.D?35mm\
0.0129°

-0.0603°
-0.0108°
-0.1921mm
0.017765
015797
0.0000°
0.0000°

0.1805mm

0.000024564
0.00000375

Mittlerer Fehler

Konkav Flanke

Eingriffswinkel -92.058°
Spiralwinkel -15.57
Verwindungsfaktor ST7.757 110 mm
RMS Fehler (Original) 0.0146mm
RMS Fehler (nach 1st) 0.0033mm

Konvex Flanke
-93.087

272
-100.81" /10 mm
0.0119mm
0.0066mm

Onginal Flankenform fehley RMS Flanke 1:0.0146

-0.0024
Heel

(Convex)

]o.0500 mm

fa=-92.05
wf=-77.75 /10 mm

fb=-272
fa=-93.08
wf=-100.81 /10 mm

=]
=]
[}
=
5

RMS Flanke 2:0.0119; Qua

ratfehlersumme:0.00002464

Erste Ordnung Flankenform

ehler RMS Flanke 1:0.0033

(Convex)

]0.0500 mm
RMS Flanke 2:0.0066; Quadratfehlersumme:0.00000375

\, 00056
5
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Sample Result 2:

HyGEARS’ calculated Correction data and expected residual errors after re-
cut show negligiz{e pressure and spiral angle errors,/and crowning on the

Concave tooth flank disappears.

Cerreceive Machine Sestings ’ﬁ" Corrective Machine Settings - Pinion J =S
1750 - Jea:':;3523:2:.“;31;?;3;2—“—.1-nesf_ ooges Concave-OB 0.0027
Pinion [Finishing] [2/2] [Backward] \l \ ': \ _\\ -‘\ \‘\,. _\I l‘ fa° -0.0005
Znd Qrder Changes 0.2 I.B. \ \‘} j\\ \ \ \ \ \I e
OO N W N \ NN \
Hadisl Tisztance El.lS-EE \| \ \ ‘\I \ B\ \ \

Cutter Tilt 0.2661 Toe 000 — I:I Tionz
Rt RtE [l gools  TeeView -0.0013
:{.ac::!.ﬁe chcj uﬁzleB_Fk —Bf“ SZE:J-. f@‘:_ .r'f ; f‘ / _{f /‘ / /F
taghins S R f—7 7 7 7 7 7 7 7
Rats of Roll 001307 /"L - _?g__ vy /S i/ __,7,’.9' fb: 0.00.06
Blade I-l.n-':l; 1300 - 0.0000 /JLF&_‘*‘{ [73_ '{f___"ﬁ, = ’f_ j_ e nonod
Zirerage Eiame-..er _gaco 0.0033 Convex-lB D—Dﬁzﬁ
Foint Width L0000
pofified Beo ion [Finishing];/Th Err0.0001 [Nominal] [Meas.Surface : pinion-gage-outl mes/L] [Bad
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The HyGEARS™ § Axis CnC Post-Processor

Sample Result 2: CMM results after the 15t corrective cycle appear below. As expected,

crowning remains in the GAGE corrected tooth while it is not visible in the

HyGEARS corrected tooth.

In both the GAGE and HyGEARS corrected teeth, spiral and pressure angle

errors have been eliminated.

A = — 1a , s ¢
\snv — \n \us = 7\\\41 :’us"“”“‘ N "\ 2
iso um \“ \ \-k N\ : \ E 13‘ \
14\1«1 X} th \F \x \.- \ \4 7\6 5 Nom. Diff. Winkei 1 2 3 4 5 Py 7
Nom. Diff. Winkel: 7.0282° Akt. Diff. Winkel. 6.8697"
Akt. Diff. Winkel. 6.8326° 6 !
Ml - i
GAGE correction HyGEARS correction
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The HyGEARS™ § Axis CnC Post-Processor

Sample Result 3: Gouging detection is a desirable feature to prevent the mutilation of the tooth
flank opposite that being cut by the back face of the tool.
The left figure below shows the HYyGEARS detected gouging points (pink
crosses) on the concave side while the convex side is being cut. The right
figure shows what happened in practice. The correlation is obvious.

Cutting Machine CnC[DMGG-S Monoblock] Gear [Finishing][Mominal] - CorveslB

b y
[ 48/R: 710/X -57.73776 /Y. 241607 /Z: 25.51051 JA: -93.454464 /C: 308.144387] L 4

HyGEARS predicted gouging on OB Actual gouging on OB
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Summary

HyGEARS'’ tooth flank generation and TCA calculations match Gleason’s CAGE and
Klingelnberg’s KIMoS; therefore, the reference topography in HyGEARS is the exact tooth
definition;

HyGEARS designs gear set geometries, i.e. the Dimension sheet and Machine settings for all
HyGEARS supported geometries are calculated and a Summary is created;

Geometries can be imported from Gleason SPA, KIMoS ND and BECAL ND files;
Spiral bevel cutting processes such as Face Milling and Face Hobbing are integral to HYyGEARS;
Geometry kinematics can be analyzed unloaded and loaded for contact and tooth fillet stresses;

5Axis CnC machine Post-Processing, i.e. the generation of a part program “machine ready”, is
integral to HYyGEARS;

Part programs are generated in reference to the exact tooth surface definition (rather than an
interpolated surface as is the case with other CAM softwares);

Part program generation is based on a wide range of user selected cycle features;

Any 5Axis CnC machine architecture can be accommodated, current architectures include “AB”,
“AC”, “BA” and “BC”; any controller can be accommodated; current controllers include
GCodes, Siemens, Heidenhain, Okuma, Fanuc and Mazak;

10. Part programs can be in Machine coordinates, Work piece coordinates with axis angles, or Work

piece coordinates with tool axis vector (Traori, TCPM, TCP and TCPC);
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Summary

11. Users can define their own tool box for Face Mill, CoSIMT, End Mill, Ball Mill and Probe tools:

12. Cutting Cycles include Slot by Slot and Flank by Flank, both for tooth flank and fillet; Toe, Heel
and Tip chamfering is available;

13. Animations and single stepping allow the visualization of tool movements and the verification of
tool paths and possible interference;

14. A “Metrics” function gives an estimate of the deviations between the theoretical tooth flank and
the “flats” and “peaks” created by the discrete movements of the tool; thus, the # of depth wise and
face width steps can be adjusted to optimize quality and cycle time;

15. Toe and Heel clearances allow smooth tool entry and exit, and full speed tool plunge;
16. “Stock” allowance is available for roughing and finishing;
17. The “Roughing mode” allows to quickly remove material before the finishing operation;

18. “Operations”, including all user selections for a given task, may be saved for later re-use;
“Processes” allow the organization of several Operations in 1 file;

19. Closed Loop (i.e. Corrective Machine Settings) is integral to HYyGEARS and allows the seamless
manufacture of gears to the required topography and tolerances.

20. The HYGEARS Closed Loop corrections match (and in some respect are better than) those of
Gleason’s GAGE.

HyGEARS covers just about all your needs for the design and manufacture of gears.
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