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Introduction

HyGEARS \b.0 coversll major gear types found in the gear industry

TheHYGEARS integratefAxis CnC PostProcessomgenerates, from thexact tooth definitionand
withoutany interpolation, the CnC machine part programs needed to manufasteingsupported

geartypeonany 5Axis CnC machinavailable on the market: the resulting tooth flank topography i

the same whether Face Mill, CoSIMT, End Mill or Ball Mill tools are used.

In one single stand alone software, HYyGEARS allows :

A

oo Do D>

o

to design gear setdace milled spiralbevel, hypoid, straight bevel, CydRalloid spiratbevel
gears, ConiflexE , spur, helical, Beveloid, herringbone and Face gears;

to analyze the kinematigaunloaded 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 characteristafggear pairs, through specialized
functions, in order to improve load carrying capacity and smoothness of operation;

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

to cut gears on conventional and 5 Axis CnC machinesng Face Mill, Dish type cutter (for
Coniflex gears), Conical Side Milling Tool (or CoSIMT, such as made by Ingersoll Rand, Sand
PTRTEC), End Mill and Ball Mill tools;

to usetheintegratedClosed Loopi.e. seamless use of CMM outpubtdain machineorrections
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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Vector Simulation

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

ed

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

3: A Numerical machine is
created from the Vector Mode

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




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 [l 9 [YOQRORE[OQ][6 ] [—]

Normal on tooth flank:

1 0 0 sin(¢)
N=l0 cos(oc)sm(ac) || 0
0 —sin(arc) cos(ac) || F cos(d)

X3
Machine center tv back




The Vector Model

Higher order changes, up td"®rder, are superimposed to tool and work piecs
movements in order to achieve specific kinematic behavior.

D

Example 1Modified Roll higher order changes: Example 2Helical Motion higher order changes:
Lim = as R, + 22—6 (C, — azR,)? — % (C,— az R+ % (€, — Xpm :3Xb + 14 (G — a3 Ri) +2pq (G — a3 Er)z + 34 (G — ]
@R — 28— asR)S + 28 (¢, — azR)® a3 Rp)” +44 (G — a3 Rp)™ + 545 (G — a3 R,)” + 64 (G — azRy)

120 720
where: Li modified cradle angle where: Xom modified sliding base
Us: work piece roll angle Us: 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: 1stOrder parameter
2C: 2nd Order parameter (Gleason notation) 2nd ; 2nd Order parameter
6D: 3d Order parameter 3 3d Order parameter
24E: 4t Order parameter 4th 4t Order parameter
120F: 5% Order parameter 5th 5% Order parameter

720G: 6" Order parameter 6th: 6" Order parameter




Face Milling and Face Hobbing

Both the Face Milling and Face Hobbing processes are supported for all Spiral Bevel type|gea

ground circle

Face Milling(singleindexing | | Face Hobbingcontinuousndexing |




Calibration

Hy GEARS

has been extensively
KIMoS softwares for tooth flank coordinates, Contact Pattern and Transmission Error,

c al

brat e

output, Corrective Machine Settings (Closed Loop), LTCA Contact Stresses, etc.

Some important milestones:

19931994
1994.
1995:
1996:
1997
1998:
2001:
2004
2006:
2011

Machine Calibration (Gleason and Yutaka machines)

Closed Loop % Order
Closed Loop ® Order
Experimental TE
Experimental LTCA

Fillet Stress (against FEA)
Contact Stress (against Gleason)
Bending and Contact Stresg-ace Hobbing (against Gleason)
Lapping Prediction (with AAM)
First 5Axis CnC Interface

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

d al
CMM




Calibration

Contact Pattern ComparisoBleason TCAsHyYGEARS TCA

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

HyGEARS ——‘

Heel Heel
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Calibration

Tooth Flank Topography Comparisdaleason and Klingelnbergs HYyGEARS

8x39Face Milled Spiral Bevel gear set: comparing Nominals using the same machine set

tingy

J7

HyGEARS vs. Gleason Nominal

T D —
=TT -
| l .0Z[mm] |

0imm]

HyGEARS vsKIMoS Nominal

Heel

_0.0001 Concave-0B /é/ﬁqt?

N RN

N A NN
Toe \ A\

The colored lines are
the Gleason nominal;
HyGEARS is in black
Note the deviation at
fillet, HeelOB

iy 00002 . -8.0001
mm .0.0002 on 0.0000

/S
A

-0.0001 Conve-IB T ooz

Pinion [Finishing] [Nominal] [Meas. Surface - spirrhpingengrindcurvedp.teof1]

0.0000 Concave-0B
———

0.0000
% % kY
R S = S S S
— %, ——
Iy LY —
R S e S
13 5 R P S Y. W Yol
e e e N S — % R, ] i
L — i - S S W 5,
i X 1)
L —

Convex-1B 0.0000

The colored lines are
theKIMoSnominal;
HyGEARS is in black
No deviation here !

Pinion [Finishing/Th.Err.0.0012 [Nominal] [Meas.Surface : sollmesngenl.teo/1]
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Calibration

Tooth Flank Topography Comparisdateason and Klingelnbergs HyGEARS

8x39Face Hobbedypoid gear set: comparing Nominals using the same machine settin

HyGEARS vs. GleasonPinion

Typical differences are less than 1 p

m

HyGEARS vs. GleasonGear

gs
N Concave-0B oosor | The colored lines are
Y SN W W the Gleason nominal;
e ) 3 R LN Y . '
T LW W WL W BN HyGEARS is in black
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odfraf ¥ ¥ ¥ ¥ ¥~ Corven I o004
Pinion [Finishing] [Mominal] [Meas.Surface : fhhyplhpinformp.teo/1]
R . Comexis oooos | The colored lines are
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S VL L W \\ - HyGEARS is in black
N
R i Yo e L WY 5 \ N8 % Y
P — LN B %5 b b % %
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P e e e I 77 777
0.0p18 Concave-0B Gr0005
Gear [Finishing] [Nominal] [Meas.Surface : fhhyplhpinformg tea/1]
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Supported Gear Types

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

Spur/Helical
Herringbone
Spiral Bevel: Face Milled, Facdobbed CycloPalloid

Hypoid

Hypoids, both conventional and High Ratio (HRH)
Straight Bevels

Coniflex € The Gleason Works)

Beveloid

Face Gears

Spiral Bevel Face Clutches

To o To Do Po Io Do Do I

SpiralBevel/Hypoid cutting processes:

Fixed Setting (i.e. the old 5 cut system);
Non Generated (i.e. Formate ®)
Spread Blade

Helical

Modified Roll
Duplex Helical
SemiCompleting
Face Hobbed
Cyclo-Palloid

To o To Do Po Io Do Do

Herringbone

13
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Cutting Machine CnC[DHIA 200/5A%] Pini on [Fini shing)[Narnirial]- Left

o

Cutting Machine CnC[DNIA200/SAX] Pinion [FinishinglNami nal]- Core<lE

0.0 /R 18.87 /X -52.5926 /¥ 61.6493 /Z-593.5456 /A" -91.6260/C: 232 1946

a

0.0/R°_0.00 /X -51.3996 /¥ -46.0000 /Z 5733747 /A" -950.0000 /C: 357 5001
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PostProcessor

Overview:

HyGEARS integratesRostProcessomhich generate€nC part programs to ciiny HyGEARS supported
gear type on any 3, 4 and 5 Axis CnC machine using any.tool

The partprograms are basedn the exact tooth definitionged no user interventioand can be uploaded
directly to any 3, 4 and 5Axis CnC machine.

Tool and machine movements are displayed in,&@an be rotated in any direction ferewing and can be
animated or single stepped to allow visualization and collision detection throughout the tool path.

The use of the Paegtrocessor is easy, intuitive, and reflects the actual work done on the shop floor.
The Posfprocessosupports horizontal lathe and vertical milling center machine architectures.
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 rename«
their positive direction can be inverted.

Typical tools include Face Milling, Conifléx 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




PostProcessor

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

1- Designandoptimizegear sets using
HyGEARS V 5.0 tools :

A Spiral bevel / hypoid / Zerol

A Spur/helical/herringbone

A Straight bevel/Coniflex
A Beveloid
Contact Pattern location and TE can be
modi fied to user 6s

A Face gears »

2- Createmachine readyart programs
in a few stepsising any cutting toot

A Face Mill cutters

A Coniflex cutters

A End Mill, Ball Mill cutters

A CoSIMT (conical side milling tool)

Partprogram definitions arparametric

d and Javect as fasableaOpdragions s t

L J

T

7- Recut: only if needed

3- Cut the paron theselected
CnC machine

Part programs can be in Maching

AY%)

sar Work piece coordinates

6- Re-generatere-usethe Operation in

the modified Machine Settings

2. to generate a new pamogramwith «

5- IntegratedClosed Loopfrom CMM
output, get changes in machine setting
to offset tool and machine errars

4- Measure the pagnany CMM
(Klingelnberg, Gleason, Zeiss,
Leitz, MdM, Mitutoyo, etc)

L J




PostProcessor

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

ExpectedCycle Time
breakdown

ExpectedSurface Qualit

~

metrics

WorkpieceSupport
definition

e

Machinei Tool - Display

selection

" Shuis Cncwmhing] sxsn-Deégm-onginay(yg ] W X

Metrice Cycling Time/Power Arbor

Cutting Tool

[ Face Mill Cutter

Cutting Cycle- Output
selection

[] Workpiece is Fixed

Save

End Mill Operation Process

s CnC "B-L" [Type M] [ CostMT |
iz CnC "A-L" [Type P]
() ¥ Axis CnC "A-B" [Type P] End il
5 fuis CnC "B-A" JType T] [ Invert work
Specific Machine (] Ball Mil
|DMF 260 HT-C B- ~]
] Probe [CMM]
Mew Edit Delete List
Compensation Display
[ Apex Location 156.9230 Display Limits Wamings
Aignment Angle 0.0000 [] Display Machine Head
0.0000 [ Display Arbor [ Display Labels
Machining Tolerance  [0.0127 L] Display T.Table
= [] Display Target Grid
Display Tool Path
(®) Tool Center Point [TCP] [ Display Section
O Absolute [ Lock on Toal
O Differential [ Detect Gouging

4‘ [] Display Waming

Anim Ok

Cancel

Tool definition

Process definition

Operationdefinition

24




PostProcessor

A-B VMC machinearchitecture
u X,Y, Z translations (tool and/or work piece)
U Work tilt about Y axis: angle B
u  Work rotation : angle A

25




PostProcessor

A-C VMC machinearchitecture
u X,Y, Z translations (tool and/or work piece)
U  Work tilt about X axis: angle A
u  Work rotation : angle C

Note: corresponds to anB machine pivoted 90 deg. around the tool spindle axis.

— 1

Z

26




PostProcessor

B-C Horizontal Lathe machinearchitecture
u X,Y, Z translations (tool and/or work piece)
U Tool tilt about Y axis: angle B
u  Work rotation : angle C

Note: the turntable axis may be horizontal or vertical

27




PostProcessor

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

28




PostProcessor

Main features of the PosProcessor

To o I To To Po Po To Do I I Do Do

Part Programs

A
A
A

supports AABOo, AACO, ABAO and ABCO architectur
supportsGCodesHeidenhain Siemens, Okuma, Fanuc and Mazak controllers;

supportsTraori (Siemens), TCPMHeidenhain, TCPC (Okuma) and TCP (Fanuc);

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

offers 14+ predefined cutting cycles for CoSIMT, End Mill and Ball Mill tools; &ore-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 multiass roughing/sentinishing/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;

all ows the creation of nAOper ati on s asewdndifelent dadd; i
all ows the creation of AProcesseso which are 4
generate a complete program sequence including roughing anefisgshing of the tooth flank and fillet using
different tools.

U7

A1

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 (ConifleXhe Gleason Works
gears), CoSIMT (such as made by Ingersoll Rand, Sandvik), End Mill, Ball Mill cutters.

29

Fl




PostProcessor

Conversion To generatea part program, HyGEARSconvertsthe movement®f the conventional
cutter (in a conventionalmachine)into movementsf a Face Mill, Coniflexe dish,
CoSIMT,EndMill or a Ball Mill tool in a 5AxisCnC machinewhere

A therelative orientatiometween the ref. frames of tool and work in the conventional macHi

are maintained in the CnC machine;
A therelative positiorbetween the ref. frames of tool and work in the conventional maching
maintained in the CnC machine.

The figure to the right shows a Face Photo courtesy of PFREC.de

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

Cutter

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.

N

The same approach is applied to all

tools and gear types.

30
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PostProcessor

Machine/Toot Machine and Tool selection; display options

Machines are optional
A Generic type
A Specific type

N\

% SAxis CnC - Pinion [Finishing] Hypoid-MN10x60x120-01-Test-432_Corr.hyg - [mm]

Machine/Tool  Cycle

Metrics  Cycling Time/Power Arbor

End Mill Operation Process

Cutting Tools are
optional; they are usef
defined.

/

Machine Selection

== X

8 iz:: E:E (] Face Mil Cutter

() 5 Auis CnC "BL" [Type M} [ cosuT | ‘

(O 5 Axis CnC "ALC" [Type P]

(O 5 Asis CnC "A-B" [Type P] End Mil

(O 5 Axis CnC "B-A" [Type T] [ Invert work
[ Ball Mil

(®) Specific Machine

Apex Location: used in
A Ma c hdoaordinates

|MAZAK Integrex i-200ST [DTD]  ~ |
[] Probe [CMM]
Mew Edit Delete List

Compensation play \ //_ Display switches control
Apex Location 0 Display Limits Wamings what is shown on scregn
Alignment Angle 0.0000 Display Machine Head

e [] Display Abor [] Display Labels

Machining Tolerance L] Display T.Table
[] Display Target Grid
= Dizplay Tool Path
[] Display Section
] Lock on Tool
|:| Detect Gougmg

4‘ [] Display ."a'amm
Fixecl

Save Output +/- Anim Ok

(® Tool Center Point [TCP]
(O Lbsolute
() Differential

Cancel

31




PostProcessor

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

editor (bottom right figure).

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

43" Shxis CnC - Pinion [Finishing] 6x80-Design1-Criginal.hyg - [mm]

Machine/Tool Cycle Metrics Cycling Time/Power  Abor  End Mil
ine Selection \ Cutting Tool
() 3 Mwis CnC
Face Mill Cutt
(0 4 Pig CnC L] Face Wil Cuter
() 5 Axis CnC "B-C" [Type M] [ CoSIMT
() 5 Axis CnC "ALC" [Type P]
() 5 Axis CnC "A-B" [Type P] End Ml

O
®

5 Axis CnC "B-A" [Type Tl

Specific Machine

\

DMF 260 HTC B

DMF 260 HT-C B-
|ONE 280 HTLC B [lny]

Com) DMF 260 HTC B+

Ape
Alig

Mai

O0®

DMF 260 HT-C B+ [Inv]
DMF 260 HT-C TB

DMF 260 HT-C TB [Inv]
DMF 260 VT-A

DMF 260 VT-A [Inv]

DMG 65 - 840D

DMG 65 - 3400 [CoSIMT]
DMG 65 Monoblock
DMG DMC 125FD

DMG MORI NTX 2500
DMU 100 MonoBlock
DMU 125P

DMU 65 - 840D

DMU 65 - 340D [A+]
DMU 65 - 340D [WA+]
DMU 80 Monobloc

DMU 80 Monobloc [3Axis]
DMU4D

DMUSD

DNM 200/5AX%

[] Bal
[] Probe [CMM]

Display

Operation

Process

Invert wark

Display Limits Wamings
[] Display Machine Head

[] Display Atbor

[] Display T.Table
[] Display Target Grid
Display Tool Path
[] Display Section
[] Lock on Tool

[] Detect Gouging
[] Workpiece is Fixed

[] Display Labels

4‘ [] Display Waming

Anim Ok

&3 CnC 5Axis Machine Definition X
Mach. Definttion  Mach. Preamble  Controller  Machine Head./Limits
Machine Name |DMF 260 HTC B- X Offset 0.000
/u{(v Tilt Axis Length 0.000
chine Type
4‘ Tit Offset 0.0000
Rotation Offset 0.0000
Work Rotation — () 357 363 Herizen Quad Shitt 00000
@® 357 .3
XY Z Signs (® Machine O Work
[ID Ref Axis Sign Sync Out Oper. |Offset |
X ®@+0- 0.0000
Yy ®+0- [1] [+] [00000
zZ ®+0- 0.0000
A B C Signs
||D Ref Axis Sign Sync 0|.i|
[] + B Rotation
B ®+0-
- B Rotation
@ C+3,C3
C C -
O+® () C+3,C+357
Apply oK Cancel

Machine Selection

Machine Editor

32




PostProcessor

Tools: HYGEARS offers 6 different tools:Face Mill cutter (spiral bevel, Zerol, hypoid gears)

Dish cutter
CoSIMT

End Mill

Ball Mill
Probe (CMM)

(Coniflexe gears)

(all gear types)

(all gear types)

(all gear types)

(all gear types; for measurement)

Machine Selection

() 3 Axis CnC

(0 4 Myis CnC

(0 5 Axis CnC "B-C" [Type M]
() B Axis CnC "AL" [Type P]
) 5 Axis CnC "A-B" [Type P
() B Axis CnC "B-A" [Type T]

(® Specific Machine

|DMF 260 HTC B-

> |

New Delete List
Compensation
Apex Location 156.5280
Alignment Angle 0.0000

(® Tool Center Paint [TCP]
() Absolute
(O Differential

Save

Cutput

%" SAxis CnC - Pinion [Finishing] 6x60-Design1-Original.hyg - [mm]

Machine/Tool Cycle Metrics Cycling Tme/Power Arbor  End Mil  Operation Process

*

(ﬁing Tool

~

[] Face Mill Cutter —L] Hide Cuter
\
[ CoSIMT ‘
End Mill
Invert wirk
] Ball il
\D Frobe [CMM] /\
Display

Display Limits Wamings

[] Display Machine Head

[] Display Arbor

[] Display T.Table

[] Display Target Grid

Display Tool Path

] Display Section

] Lock on Tool

|:| Detect Gouging
[] Workpiecs is Fixed

Apply +-

_‘ [] Display Waming

[] Display Labels

Anim Ok Cancel

Photos courtesy of PFREC.de
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PostProcessor

Tools: Each tool is described in a dedicated data page where the defining dimensions are entey

by the user. The 30 charactieng tool name is user defined.

The tools can be saved foruse and are specific to users, i.e. they are not distributed with

HyGEARS. Hence, proprietary information remains proprietary.

%4 Sfxis CnC - Pinion [Finishing] Ex&0-Design1-Original.hyg - [mm] >
CnC[DMF 260 HT-C] Geax
Machine/Tool Cycle Metics Cycling Time/Power Abor  End Ml Operation  Process
End Mill Details Name  |2mm Ball Nose N[emm Bail Nose] “
Toal ID: [1 Smm Balll Nose ~
8mm Bull Nose
TLU ID: [0 8mm FRS — |
i 8mm Square —
Diameter 8.0000 Smm
Edge Radius 4.0000 T3 Suora Kartiotappi 74
|_— [5.942mm Shap
Cone Angle 0.0000 W 90 Cone Tool
R. Curvature ] 520.300.200 640
_ 0.0000 <7 %38-Finish-TH1
Cutting Length 24 0000 ajsdkajndkand
Culting Lengthin . BN 0.0800.03R
ing Length in 26.0000 Charf 164
Tool Length 35.0000 Cone-48530-C3
Taper Length 0.0000 Cone 0.001"TipD 60deg k]
Stem Diameter 20000 [Cone Angle - —a|
) '. I L
Holder Diameter 25.0000 — R I|| Cone 0.1 90Deg
Holder Length 200.0000 (B Curvaturel—""1\ | [ |Cone 0.2 60Deg
K | |Cone 0.4 60Deg
Holder Angle 0.0000 @—'\?’,‘ Cone 0.4 90Deg \\
MNumber of Flutes 4 A7/ w |ConeSeco 2.0244 30Deg
Edge Radius < /% |Coromant 12mm
Tip Reference M % |Coromant 12mm Bull Nose
*{Coromant 4mm Bull Nose
Coromant 4mm End Mill -
_ D25 Coro Mill 210
Feeds [mm./min] DS 0618
RPM 1200.0 DS 08/28 hd

Rapid Move 1500.0 | Plunge [50.0 | Cutting [500.0 |

S Lo 2l ] o jlemed]| | o SO

12 5000 /590 0000 /309 43301 [15]

Definition of an 8mm Bull Nose&
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PostProcessor

Display: Several options allow selective information display. These include:
the Machine Head,
A the Machine Turn Table
A the Work Arbor and support,
A the Target Grid, where the target coordinates are displayed in wire frame mesh
A the Tool Path.

% Sfxis CnC - Gear [Finishing] 6x60-Design1-Criginal.hyg - [mm] *

Machine/Tool Cycle Metics Cycling Tme/Power Abor  End Mil  Operation  Process

Machine Selection Cutting Tool
O 3 Axis CnC
Face Mill Cutt
(O 4 Ads CnC L
(O 5 Awis CnC "B-C" [Type M] O] cosiiT
) 5 Axis CrC "AL" [Type F]
O 5 s CoC "A5" [Type Fl ez
(O 5 Axis CnC "B-A" [Type T]
(®) Specific Machine [] Ball mil
|MAZAK Integrex i-2005T " |
] Probe [CMM]
New Edit Delete List
Compensation Display \
Apex Location 0 Display Limits Wamings
Alignment Angle 0.0000 [[] Display Machine Head
0.0000 [} Display Arbor [ isplay Labels
Machining Tolerance _ﬂ_D‘IZT-" [] Display T.Table
0 Display Target Grid
[] Display Tool Path
(®) Tool Center Point [TCP] [] Display Section
O Absolute [] Lock on Tool

() Differential [] Detect Gouging _‘ [ Dlisplay Waming
[ Workpiece is Fixed

Save |[ Ot +f [ fom ]} O || Coned Display of the Target Grid (beige)
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PostProcessor

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

% Shuis CnC - Gear [Finishing] 6x60-Design1-Original.hyg - [mm]

Machine/Tool Cycle Metrics Cycling Time/Power Atbor  CoSIMT  Operation

Process

" Cutting Machine

Machine Selection
() 3 fuis CnC
() 4 fis CnC

Cutting Tool

[] Face Mil Cutter

(® Tool Center Paint [TCP]

() Absolute
() Differential

Save

(0) 5 Awis CnC "B-C" [Type M]
() 5 Awis CnC "AC" [Type P]
() 5 Ais CnC "A-B" [Type F] [ End il
() 5 Awis CnC "B-A" JType T]
(® Specific Machine ] Ball Mil
IMAZAK Integrex i-2005T v
(] Probe [CMM]
New Edit Delete List
Compensation Display
Apex Location 1] Display Limits WWamings
Aignment Angle 0.0000 Dizplay Machine
0.0000 Display Arbor
Machining Tolerance  |0.0127 (] Display T.Table

[] Display Target Grid
Display Tool Path
[] Display Section
[ Lock on Toal

[] Detect Gouging
[] Workpiece is Fixed

Output Ay

| ] Invert Arbor

[] Display Labe

4‘ [] Display Waming

Anim Ok Cancel

Cutting Machine CnE [Fanuc Robodri 1 121 52 ] Pimion [FinishingHomingl] - Cores B

[ 26/ 26287 13.6932 v 119.6230 /2 -75.0484 A 124.7100/C: 274.3190] |
« (I

Display of the Arbor and Tool Holder
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PostProcessor

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 t
user of potential profile mutilation; valid for CoSIMT, End Mill, Ball Mill tools.

Machine/Tool  Cycle

Machine Selection
() 3 Axis CnC
() 4 Axis CnC

Metrics Cycling Time/Power Arbor

() 5 Axis CnC "B-C" [Type M]
() 5 Axis CnC "AC" [Type P]
() 5 Auis CnC "A-B" [Type P]
(O 5 Axis CnC "B-A" JType T]

%" Shxis CnC - Gear [Finishing] 6x60-Design1-Original.hyg - [mm]

Cutting Tool

] Face Mill Cutter

[] CoSIMT

(® Specific Machine [ Ball Mil
|MAZAK Integrex i-200ST v
[] Probe [CMM]
New Edit Delete List
Compensation Display
Apex Location 0 Display Limits YWamings
Alignment Angle 0.0000 Display Machine Head
0.0000 Display Arbor
Machining Tolerance  |0.0127 (] Display T.Table
= [] Display Target Grid
Display Tool Path
(®) Tool Center Point [TCP] [] Display Section
O Absolse [ Lock on Toal
O Differential Detect Gouging

[] Workpiece is Fixed

Save Output +/-

End Mil Operation Process

4« Cutting Machine

Cutting Machine CnC [MAZAK INTEGREX Siemens] Pinion [Finishing][Mominal] - Concve-0B

[] Display Labels

[] Display Waming
[] Display Values

P
Current cutting point

[g0 -3.0/R:-11.62 Xw: -9.90390 fvw: -47.07247 fZw: -183.31207 | A3=-0.454883 /B3=--0.885933/ C3= 0.090‘5?3]'

T

v

Display of Gouging points with Pink crosses
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PostProcessor

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

Output Formatallows
selecting wanted or
unwanted features

AViachine:XYZ ABC
ANork: XwYwZw ABC

Araori: XwYwZw ijk

Cuts the Complet Gap
or
Cutsall the Convex flank
and then cuts all the
Concave flanks.

Targeted tooth region:
A Fillet,

A Flank,

A Combined,

A Chamfering

S

/

Machine/Tool ~ Cycle

Metrics  Cycling Time/Power Arbor

%" SAxis CnC - Gear [Finishing] Hypoid-N10x60x120-01-Test-452_Corr.hyg - [mm)]

End Mill Operation Process

X

—

4 /EiEput Format Teed
0 [Regd. Sugg. Actual |
Use Actual Tooth H G —
0 End |3 |[] TatPts
HF: idth Pt:
[] Include Operation Switches acent s n Batiom Up [ ]
Include Short Header e 30
Include Start Posttions Moving Contact Pt~ [] — 0.0000 //
\ [ Explicit Indexing Constant D-Radus ]
Finish Stock
N ] No Comments Roughing | *{ e e ,D.DD?
tl Coordinates Only e
[ Work Coordinates Clearance [mm] | Indexing
Tos  (0.000 Skip # Start Gap
k /\#{I 0.000 Miror [ wEndGap |g_/
ing Cycle
~—~——_ (S Sotby St onvex [IB] Concave [OB] I —
¥
Flank by Fank T Q) None
o -> Heel -> Toe o -> Heel -> Toe
L= Toe -= Heel -» Ti (® Toe -> Heel -> T
() Fillet-Foot 0.00 Heel -> Toe -> Heel (O Heel -» Toe -> Heel
(®) Tooth Flank Tool Pivat -D.DDD Toe -> Heel (O Toe -» Heel
(O Combined O % Heel -> Toe O Hesl-> Toe ) o
; |IB-0B OShape-Toe (_) OB-IB OShape-Toe N\
8 g:a::er ?D: ::'; Depth  |0.000 |B-OB OShape-Heel () OB-IB OShape-Hesl
EiLEr len Rock Me [babe] (O) Rock Me [babe]
(0) Chamfer Toe Charrrf £50.000
QChamfer Heel Pivot A, |0.000 /
Save Qutput +- Anim Ok Cancel

Controls step deptlrycl
coarseness, Toe and H
clearances, gap indexir

# Gaps skippebtletween

2 cuts. | f
1, 2, e, n,
A Start Gap=1

A EndGap =2

Distributedabout one
central tooth gap

Tool movementypes
during cutting cycle

38
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PostProcessor

Cycles: Cutting cycles can be extensively tailored to user preferences, depending on tool choig

%" 3fxis CnC - Gear [Finishing] 6x60-Design1-Criginal.hyg - [mm] X

StockFeed along the face width
(#FacewidthPts) and tooth depth (#Steps)
When cutting starts and ends (Start / End)

Machine/Tool Cycle  Metics Cycling Time/Power Abor  End Mil Operation Process

Output Format ock-Feed
[Regd. Suga. Actual |

p ST S SER

g tl:ir idua;Tomh # Steps [ [0 ] Stat [1 [ Steps -

i meup S Tool retraction at end of cycle (Retract
ot g | Rematfocer 33 Factor, based on Heel tooth depth)
7| Include Start Positions oving Conta [J — QOver Run | . . . .
G e o Cotei 7 e o | Whether the tooth description is with
[] Mo Comments Roughing ] *{ Finish Stock ” | d
7] Coortinates Ony 012 constant roll angles or constant radius

Bl Comrmrce Il | e ﬁ”‘;‘; o [1 ] . (Constant DRadius)
W“" : M [J EdG s | Whether the contact point moves, or does

o

Cutting Cycle

—— Corem Coreme 09 ' not move, along t hle
MNone Mone .

LS ® Toe -> Heel > Toe @ Toe > Heel = Toe (M OVI ng Co ntact Pt)
() Fillet-Root () Heel - Toe -> Heel (O Heel -» Toe > Hesl A L. .
@ Tooth Flark ‘ ) Toe -> Heel ) Toe -> Heel A Rough|ng and F|n|Sh|ng Cyc|es
O Corbned [ Fixed g :_ée-gle-szTne E; 8 g;jla-i:;s?ne K} A
82:6:&#”?0: Ef; Depth  [0.000 ) IBOB OSh:E:—HZeeI ) OBB OSh:E:—HDeeeI Toe and Heel Clearances .
Q gerieTe Charf A 10000 - A Tip, Toe and Heel chamfering

Chamfer Heel vt A. - . .

A Indexing sequence in order to spread tool

= | = e == wear and thermal load over non
sequential teeth (Skip#).

Cycle Options for CoSIMT, End Mill and Ball Mill tools
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PostProcessor

Cycles: Constant DRadius:checked

un-checked constant rolangle step$ improved surface near fillet

constant radial steps; insensitive for Z > ~25

better for Z < ~20

Cutting Machine Cnk [Universal & &xis A C] Fimion [FinishinglHominai] - e

5
[0: 0.0/MR: 2138/ 27.6469 /¥ 0.0000/Z 351691 /A 90,0000 /C: 138 61307 [1/9]

Cutting Machine CnC [Universal 5 Axis ‘A C'] Pinion [Fini shing][Nominal ] - Left
4"
/
-~
9
N
N
N
N

A

1_;( \I g 3
[0: 0.0/R: 19487 263793/ 0.0000/Z 38.1891 /A -90.0000/C: 140.5183][1/9]

Constant BRadius

Constant DRoll
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PostProcessor

Cycles: Moving Contact Pt:.checked

contact point moves along tool eddetter Finish

and reduced tool wear;

un-checked contact point always at tool tip: more tool wear

~

R S
o
e /7 .
//" el
A !
ey Y
7 d 4 - o h
YAy
/ A
oy A\
7 N o2 P \
p e -
. - | \
\ -
/ ~ A
P .
- / \
5 s ) "

Moving Contact Pt: Finishing

N

e A
A
<
b
— - N
\ i *
N 2 \
\ ‘
\ D2, \
L )
. f
i
s

Fixed Contact Pt: Roughing
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PostProcessor

Cycles: Over Run: =0:
> 0:

End Mill stops at Fillet Line

End Mill extends below the Fillet Line: prevents lip forming in t

fillet when negative stock is used on the flank

—

e

[0 00/R -17.451X 56.9656/Y 1.5650/Z 17.2500/B: 90.0000/C: 2725455 [9/9]
«

== «" Cutting Machine
P
¥ |- [or 0.0/R -1745/X 550656 /¥ 156502 17.2500/8: 90.0000/C: 2725455 [3/9]
v <

Over Run: 0

Over Run>0
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PostProcessor

Cycles: HyGEARS offers 7 cycles for Face Mill cutters and 1 cycle for the Cdniftésh cutter.

Machine/Tool

ycling Time/Power Abor  Face Ml Operation  Process

Output Format Stock-Feed

# Steps

[ Use Actual Tooth

[] 5V Format =

[ Include Operation Switches 1

Include Short Header IR R

Include Start Posttions - 0.0000

[ Explicit Indexing
] No Comments
[] Coordinates Only

_{ Finish Stock

[ Work Coordinates Clearance [mm] | Indexing Sequence
Toe  [0.000 Skip # Start Gap
Heel [0.000 Mimor []  EndGap “
ﬁj‘lir\g Cycle \
Face Mil Cycle
(® Single Roll - Toe to Heel
(O Single Roll - Heel to Toe |
(O Plunge Roll - Toe to Heel
() Plunge Roll - Heelto Toe 5 1200
() Double Roll - Toe to Heel = ——
(O Double Roll - Heelto Toe f: e
(O Non Gen. Plunge Cut -
\ 0.000 il .00 500.0 250 1.20 0.0
Save Output Apply +- Anim Ok Cancel

%" Sfxis CnC - Pinion [Finishing] 6x60-Design-Original.hyg - [mm] x

%" SAxis CnC - Pinion [Finishing] GS19-19-001-EWS.hyg - [mm] x>

Machine/Tool Cycle  Cycling Time/Power Atbor  Face Mil  Operation  Process

Output Format Stock-Feed
[ Use Actual Tooth # Stey
ps 9
[] €5V Format
[ Include Operation Switches 1

Include Short Header Retract Factor
Include Start Positions — 0.0000

[ Explicit Indexing _{ Finish Stock

[ Mo Comments
[ Indexing Seguence

[] Coordinates Only

[] Work Coordinates Clearance [mm]

[] Traoer (Siemens) Toe  (0.000 Skip # Start Gap
Heel |0.000 Mimor [ End Gap
|/ Cutting Cycle \
( Face Mill Cycle

®:Toe Hesl/ Toe el
() Toe Heel/ Heel-Toe 0

(O) Heel-Toe / Heel-Toe 1500.0
(O) Heel-Toe / Toe -Hesl

1.00 1200
— =
7)) Mon Gen. Plunge Cut —
| 0 nn BN N FE) ol nn
O Center Rl TH [0.000 j 5000 | (250 1.20
\
Save Output Apply +- Anim Ok Cancel

Cycles for Face Mill cutters / Completing

Cycles for Face Mill cutters / Fixed Settin§emiCompleting
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Cycles: HyGEARS offers 14+ different cutting cycles for End Mill and Ball Mill tools, and 15|fo

CoSIMT tools. Tool can be Pivoted to improve cutting conditions.

%4 Shxis CnC - Gear [Finishing] G519-18-001-EWS.hyg - [mm]

[] Include Operation Switches
Include Short Header
Include Start Positions

[] Explicit Indexing

Retract Factor 40
Moving Contact Pt -
Constant D-Radius

Machine/Tool Cycle  Metics Cycling Time/Power Abor  End Mil  Operation  Process
Output Format Stock-Feed
[Reqd. Sugg. Actual |
Oowrme sows 3 ][ B ]fsm[1_|0ses
e 0 End [g Tat.Pts
# Facewidth Pis 11 Bottom Up  []

e
uuuuu

g CLE A WABCR ra L [DIF 50 F-C] Gt [Pl R e[ Peoesinaal ] - ConcmeC8:

Positive Tool Pivot

Travel direcﬂ:y
F

() Fillet-Roct

@ Tooth Flank Toal Pivat

() Combined [] Fixed 8 :—ée-gléz'gie .

O Chafer Tool Side | pepth (0,000 O) 1808 OSh:E:—H::I

8 E::g:: EZ' End | chami A. [0.000 (O Rock Me [babe]
Pivat A |0.000

@ Chamfer Heel

[ No Commerts Roughing
Coordinates Only
[] Work Coordinates Clearance [mm] | Indexing Sequence
[ Traori (Siemens) Toe (10,00 Skip #

Heel (5.000 Mirrar

/ﬁlling Cycle
Convex [IB Concave [OB

®) Slot by Slat e On o8]
O Flank by Fank one

® Toe -» Heel > Toe

() Heel -> Toe - Heel
() Toe -» Heel

() Heel -> Toe

() OB-IB OShape-Toe
(") OB-IB O5hape-Heel
() Rock Me [babe]

\i

BE M SBIM BT ZFd N £7 D400 T 4148937 B 3655054 0

304 50530 [1/4]

|

Output et

Save

Anim Ok

Cancel

Cycles for CoSIMT, End Mill and Ball Mill tools

=
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PostProcessor

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

% Shxis CnC - Gear [Finishing] G519-19-001-EWS.hyg - [mm] =
Machine/Tool Cycle  Metrics Cycling Time/Power Ambor  End Mil Operation Process
Output Format Stock-Feed
[Reqd. Sugg. Actual |
[] Use Actual Tocth =
0 End |g Tat.Pts
HFi idth Pt
[ Include Operation Switches acew s i Bottom Up  []
Include Short Header Rty 40
Include Start Posttions Moving Contact Ft O - 0.0000
[] Explicit Indexing Constant D-Radius
Finish Stock
] Mo Commerts Roughing 1 *{ e = ??P?
Coordinates Only i ]
[ Work Coordinates Clearance [mm] ! Indexing Sequence
[ Traoeri (Siemens) Toe  (10.00 Skip # Start Gap
Heel |5.000 Mimor [ End Gap
ﬁ.ﬂing Cycle \
Convex [IB Concave [OB
@® Slot by Slot = =
() Pank by Aank © None © None
(@ Toe -> Heel -> Toe (® Toe -> Heel -> Toe
() Fillet-Roct 0.00 () Heel > Toe -> Heel () Heel == Toe - Heel
(® Tooth Flank Tool Pivat [0.000 () Toe -> Heel () Toe > Heel
(") Combined n () Heel -> Toe () Heel == Toe
_ () IBOB O5hape-Toe () OB-IB OShape-Toe
8 g:a:d'fﬂ ?0: E:f: Depth  |0.000 ) IB-OB 05hape-Heel ) OB-B O5hape-Heel
o dzs L (7 Rock Me [babe] {7 Rock Me [babe]
O Chamter Toe Chamf A. |0.000
() Chamfer Heel Fivot A. | 0.000 j
Save Output +/- Anim Ok Cancel

A Fillet/Root, Tooth Flank, Toe, Heel and Tjip

Chamfer (Deburring) are different
operations;

A 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;

A Finishing cycles can be different on each

tooth flank.

Finishing Cycles for CoSIMT, End Mill and Ball Mill toold
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Cycles: Roughing cycles for End Mill and Ball Mill tools.

%4 Shxis CnC - Gear [Finishing] G519-19-001-EWS.hyg - [mm] = - -
Machine/Tool Cycle  Metrics Cycling Time/Power Abor  End Mil  Operation  Process A F|”et/R00t and Tooth Flank are dlfferent
Outpust Format Sockfeed — operations;
L] e Actul Toeth e o J[E]set 1] stens A They can be cut Slot by Slot or Flank by
[] SV Format ; End [g Tgt Pts . . .
O] tote Opersin Swtcheg PRSP [T Flank, depending on machine selection,
Shemtormatill Puetes s B o work size, and how much travel is required
] Bkt g Consart D-fads 0000 by the machine or tool between tooth
[ Mo Comments Roughing ~{ Rough Stock
& Coinaen Soes o N flanks;
] Traon (Semens) ol L o D- St [1_ A Roughing cycles need not be the same on
Vr—— ~ both tooth flanks;
@ sabrsa i e A Center Slot cuts a through in the center pf
Q tari § § = the gap; may start at Toe or Heel,
Uzl FErh Tool Pivat [0.000 LBl TR i i i o
O Conpied 000 | Qresste  OQtesoie A MultiPassis a Slot by Slot operation; it
e 0000 | | O 1B0BOSmetes O OBIE Ot makes an even number of passes per Siep
amter ToolEnd -+ [0 000 MuttiPass . .
\8 Charfer Toe ©cetmsarst | Oonimstnn || based on slot width and tool diameter; the
number of passes is calculated at each
= L= L= = Step; allows greater tool feeds over Center
Roughing Cycles for End Mill and Ball Mill tools Slot because the tool is never captive inja
through.
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Cycles: Roughing cycles for CoSIMT tools.

%3 Shxis CnC - Gear [Finishing] G$19-19-001-EWS.hyg - [mm] x
Machine/Tool Cycle  Metics Cycling Time/Power Aor  CoSIMT  Operation Process
Output Format Stock-Feed
[Reqd. Sugg. Actual |
Al i #Sws 5 |[B1]{se [ |] ss
em 0 End [g Tat Ps
HF; idth P
[ Include Operation Switches acEw s 11
Include Short Header Hitac et 40
Include Start Positions — Over Run 0.0000
[ Explicit Indexing Constant D-Radius e —
] Mo Comments Roughing = ~{ ——
Coordinates Only Rough Stock |0.000
[ Work Coordinates Clearance [mm] ! Indexing Sequence
[] Traori (Siemens) Toe  [10.00 Skip # - Start Gap ‘|
Heel |5.000 Mimor ] EndGap |12
ﬁ.ﬂing Cycle \
Convex [IB] Cancave [0B] ‘
O Slot by Slot ON ® N
® Rank by Flank one one
() Toe -» Heel > Toe () Toe -» Heel > Toe
() Fillet-Root () Heel -> Toe -> Heel () Heel -> Toe -> Hesl
® Tooth Aank |70/ Pivet 0.000 () Toe -» Heel (") Toe -» Heel
() Combined () Heel = Toe () Heel = Toe
) () IBOB OShape-Toe (C) OB-IB OShape-Toe
(O Chamfer Tool Side 0.000 () IBOB OShape-Heel (O OBHB OShape-Heel
_____ () MultiPass
O Chanfer Toe @ Center Slot T-H-T () Center Slot H-T-H
Q} Chamfer Heel /l
Save Output +- Anim 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 requir
by the machine or tool between tooth
flanks;

Center Slot cuts a through in the center
the gap; may start at Toe or Heel;
MultiPassis a Slot by Slot operation; it
makes an even number of passes per S
based on slot width and tool diameter, tl
number of passes is calculated at each
Step; allows greater tool feeds when

ed

Df

lep

compared to Center Slot;
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Cycles: Face Mill Cutteri Completing cutting processes

() Single Roll - Toe to Heel
() Single Roll - Heel to Toe
() Plunge Roll - Toe to Hesl
(C) Plunge Roll - Heel to Toe
(@ Double Roll - Toe to Heel
(O Double Roll - Heel ta Toe
() Mon Gen. Plunge Cut

-

%" 3fxis CnC - Pinion [Finishing] 6x60-Design-Original.hyg - [mm)]
Machine/Tool Cycle  Cycling Time/Power Amor  Face Mil  Operation  Process
Output Format Stock-Feed
# Steps
1
Retract Factor
Finish Stock  (0.000
0,127
Clearance [mm] ! Indexing Sequence
Toe  (0.000 Skip # Start Gap
Heel (0.000 Mirmor — [] End Gap “
/&ﬂir‘g Cycle \ -
Face Mill Cycle

— 5dt In Depth: {0,000 | [mm]

)

Save

Output - Anim Ok

To Do

can be Single Roll/Double Roll;

Double Roll plunges the cutter to full depth
between the start and end of thérdll, and then
generates full depth on thé2oll;

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 nesonsecutive
tooth slots.

Cancel

Cycles for Face Mill cutters

™ Cutting Machine ==
Cutting Machi ne CnE [Universal 5 Ax s - C'] Pinion [Finishing][Mormingl] - Cormele

[@ 0.0/R 0.00/X. -16.9496 /Y. 52384 Z 0.2852 /A -83.3418/C: 178.1692]
« M
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Cycles: Face Mill Cutteri Fixed Setting / Sertompleting cutting processes

%8 SAxis CnC - Pinion [Finishing] G519-19-001-EWS.hyg - [mm]

Machine/ Tool

Output Format

[] Use Actual Tooth
[] C5V Fomat

[] Include Operation Switches
Include Short Header
Include Start Postions

[] Explicit Indexing

] Mo Comments

[] Coordinates Cnly

[] Work Coordinates

[] Traori (Siemens)

e Cycling Time/Power Abor  Face Mill  Operation  Process

Stock-Feed
# Steps
1

Retract Factor

‘{ Finish Stock

éﬂing Cycle

Face Mill Cycle

() Toe -Heel/ Toe Heel
() Toe -Heel/ Heel-Toe
(C) Heel-Toe / Heel-Toe
(O) Heel-Toe / Toe Heel

® Mon Gen. Plunge Cut

KO Center Roll T-H 7

Clearance [mm] | Indexing Sequence '
Toe [0.000 Skip # Start Gap
Hesl |0.000 Mimor []  EndGap
Waguri
| Depth Fact Feed RFM  Dwell (Rot)  Orbit
, :
Rarjd 1500.0
zt:f |[100 | [5000 | [1200 ]
zz( |[ooo | [s000
zz| |[ooo
j 000 | [s000 | [0 | [120 | (oo ]

Save Output +/- Anim Ck Cancel

xx /yy. 1stpart is Convex flank;® part is
Concave flank

the use of Toe/Heel clearances allows
progressive cutter entry/retract for better tool

life (see the Target Volume in light blue below);

Negative Finish stock pushes the cutter In sug
as to compensate for tool wear;

the Indexing Sequence allows spreading tool
wear and thermal load over nesonsecutive
tooth slots.

h

Cycles for Face Mill cutters

4« Cutting Machine ==

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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Cycles: Face Mill Cutter

%" 5Axis CnC - Pinion [Finishing] G519-19-001-EWS.hyg - [mm] X
Machine/Tool Cycle Cycling Time/Power Abor  Face Ml Operation  Process
" ™
Face Mill Details MName |X175/17.5 |[2:175/175 v
L Clear Delete | DXF
TLUID: |0
Body Diameter 55.0000
Body Height 5.0000
Blade Depth 48353
Cutter Gaging 0.0000 e
Number of Blades E
Tooth Depth Tool i
Point Width / i l
-+ Body Diameter *
Cutter Holder i&' Body Height
i =+
T il N
t \J ; 1
L Blade Tip | BladeDepth |
0.3405
02457 Feeds [mm/min]
28390 RPM 12000
37451 Rapid Move 15000 | Plunge [500.0 | Cutting [500.0 |
Save Output Apply +f- Anim Qi Cancel

machine can be defined and saved;

A the Face Mill cutter used on the 5Axis CnC

A cutter Diameter, Blade angles, Edge Radii, an

|®N

Point Width are those described in the Summary

Editor (see below).

:5 Pinion [Spiral-Bevel] [Finishing][Mominal] G519-18-001-EWS.hyg - [mm] [dd... >
Blank Cutter TopRem Machine HiOrder Other Operating Rim-Material Beal « | »
Ol @ [mm]
Concave-0B Convex-1B

Average Diameter 51.0007

Blade Angle 17.5000 17.5000

B.Edge Rad. 0.1499 0.1459

Poirt Width 0.5994

Cutter Edge Circular R Circular -

Rad. of Curvature 499.9930 499.9950

Ref. Height 1.5011 15011

Number of Blades 12 12

Cutter Gaging 0.0000 0.0000

Rad. of Curvature-Ref. Height 15011 15011

Apply OK Cancel

Face Mill cutter definition
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Cycles: CoSIMT, End Mill, Ball Mill

%" 5Axis CnC - Pinicn [Finishing] G519-13-001-EWS.hyg - [mm]

Machine/Tool Cycle

Metrics  Cycling Time/Power  Arbor

End Mill Operation Process

T

To o o I

CoSIMT, End Mill and Ball Mill tools carough
andfinish 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.

U7

"

Output Format Stock-Feed [Read S Ak |
eqd.  -ougg. ua
[] Use Actual Tooth =
0 End g Tat Pts
HFi idth Pt
[ Include Operation Switches o s n Bottom Up [ ]
Include Short Header e 20 @
Include Start Posttions Moving Contact Pt~ [] — 0.0000
] Explict Indexing Constant D-Radius [
Finish Stock
[] Mo Comments Roughing I ﬂ{ nish toe E'E'EIE'
[] Coondinates Only il
] Work Coordinates Clearance [mm] | Indexing Sequence
[ Traori (Siemens) Toe  [0.000 Skip # Start Gap
Heel |0.000 Mimor  [] End Gap
Cutting Cycle
/Convex [IB] Concave [OB]
@) Siot by Slat / on O N
(O Aank by Aank one one
(® Toe -> Heel -> Toe (® Toe -> Heel -> Toe
() Fillet-Roat 0.00 (") Heel -> Toe -> Heel () Heel -> Toe > Heel
(®) Tooth Flank Tool Pivot|0.000 () Toe - Heel () Toe -> Heel
() Combined n I;l () Heel - Toe () Heel - Toe
] () IB-OB OShape-Toe (_) OB-IB OShape-Toe
O Chanfer Tool Sde | pepth (0000 | O 1B-OBOShape-Heel () OB-IB OShape-Heel
8 g:ﬂ:ﬂﬂj End | oy ami A, [0.000 () Rock Me [babel O Rock Me [babel
() Chamfer Heel Fivat A. |0.000
Save Output +- Anim Ok Cancel

Cycles for CoSIMT, End Mill and Ball Mill tools

" Cutting Machine

==

Cutting Machine CnC [Universal 5 Axis ‘-C'] Finion [Fini shing][Norminal - CorvexiB

-

[a: -6.2/R:-61.98 X 13.8813 /Y. -12.1258 /Z 18.2678 JA: 126.7734 /C: 366.3381]
< m
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Cycles: Example: End Mill tool, To#leetToe (IBSide) / HeellToeHeel (OBSide)

% SAxis CnC - Pinion [Finishing] Tx37 Spiral HyG - [mm]

Machine/Toal Cycle  Metrics Cycling Time/Power Abor  End Mil  Operation Process

QOuitput Format Stock-Feed
[Reqd. Suga. Actual |
ST st 1] s
om -
[] Line Numbers P = I;nd 3L| Tat.Pts
[] Include Operation Switches acent s 11 TEmlE
Include Short Header Retract Factor 20 m
Include Start Positions Moving Contact Pt - 0.000
[] Explicit Indexing Constant D-Radius [
Finish Stock
Mo Comments Roughing O _{ nish stoe E}E}F‘F‘
[] Coordinates Cnly 4.0ou
Work Coordinates Clearance [mm] | Indexing Sequence
Toe |20 Skip # Stat Gap [1 |
Heel [10 Mimor []  EndGap
Cutting Cycle
@® Siot by Slet (/ Convex [IB] Concave [OB] \
¥
() Aank by Fank O MNere © Nore
® Toe -» Heel -» Toe (® Toe -» Heel -» Toe

) Fillet-Roct 10.00 () Heel = Toe -» Heel
{®) Tooth Rank Tool Pivot [0.000] | O Toe -> Hesl
() Combined [ Fired (O Heel -> Toe

() IB-OB OShape-Toe
Depth  (0.000 (O IBOB OShape-Heel

Chamf A. [0.000 (O Rack Me [babe]
Pivat A, |0.000

(O) Chamfer Tool Side
(O) Chamfer Toal End
(") Chamfer Toe
() Chamfer Heel

—

() Heel - Toe -» Heel
() Toe > Heel

() Heel -> Toe

(7) OB-B O5hape-Toe
(O) OB-B O5hape-Heel
(O) Rock Me [babe]

/|

Save Qutput +/-

Anim O Cancel

A Cutting cycles can be different for each tooth

A
A

flank (IB-OB, LeftRight);

a cutting cycle may start on the IB and finish g

the OB (LeftRight for non spirabevels);

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

n

bft

—r

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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Cycles: Example: tapered End Mill tool,Shaped cycles

%" SAxis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [mm]

Machine/Tool Cycle

Output Format

[] Use Actual Tooth
[] c5V Fomat
[] Line Numbers

[ Include Operation Switches

Include Short Header
Include Start Positions
[] Explicit Indexing

Mo Commerts

[] Coordinates Cnly

Metrics  Cycling Time/Power Ahor

End Mill Operation Process

Stock-Feed
[Reqd. Sugg. Actual |
# Steps <‘ Start |1 [] Steps
; End [3 Tat.Pis
# Facewidth Pts ~ [11 Bottom Up  []

Retract Factor 20

D_

Maowving Contact Pt
Constant D-Radius
Roughing

Work Coordinates Clearance [mm] | Indexing Sequence
Toe (20 Skip # Start Gap
Heel |10 Mimor ] End Gap
Cutting Cycle -
® Siot by Siet Convex [IB] Concave [0B]
() Mone ® None
() Toe -> Heel -> Toe (O Toe -> Heel -> Toe
() Fillet-Root 10.00 (O Heel -> Toe -» Heel (O Hesl -» Toe -» Heel
(® Tooth Flank : () Toe ->» Heel () Toe -> Hesl
) Combined Tocl Plg IEsz:ID 3 Heel o= Toe ) Heel -5 Toe
] (@ |B-OB OShape-Toe (O) OB-B OShape-Toe
O Chamfer Tool Side |pesth (0000 | | O IBOBOShape-Heel (O OBIB OShape-Heel
(") Chamfer Tool End
O Chamfer Toe Chamf A. |0D.000
Pivot A. |0.000

(O) Chamfer Heel

g ﬂ{ Finish Stock

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

A 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 tgke$
one step depth wise before starting over again;

A can be a real time saver when used with a
Tapered End Mill or a CoSIMT.

Save Qutput +/-

Anim Ok

Cancel

O-Shaped cycles

" Cutting Machine (=3
CuttingMachine CnC[Universal 5 4xis 'A-C'] Pinian [Fini shing][Norminal] - Concwe-OB -

[0 -91/R:-80.14 X -0.5502 /Y. 29.8320/Z: 1.6662 /A -85.0761/C: 269.2450] | | S
« I
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Cycles: Example: CoSIMT tool, RodWe (babe)

A the cycle starts at IB Te#p, generates depth

sd SAxis CnC - Pinien [Finishing] 7x37 Spiral.HyG - [mm] X wise to the Fi||et’ switches to the OB and

generates from Fillet to Tip, advances along the

Machine/Tool Cycle  Metrics Cycling Time/Power Abor  CoSIMT  Operation  Process

Output Format StockFeed | OB face width, generates depth wise along the
Eg;z fud Toeh # Steps Stat [1_|[] Steps OB side to the Fillet, switches to the IB and
] Line Numbers i WE”E‘ 21|00 Tt generates till Tip, advances along the IB face

Include Operation Switches
Include Short Header
Include Start Positions

[] Explicit Indexing

[] Mo Comments

[ Coordinates Only

width, and starts over until Heel is reached;
may be done individually for each flank;
this process is well suited to CoSIMT and
finishing in one operation.

Retract Factor 75
Moving Contact Pt~ [] — 0.0000

Constant D-Radi i
onsta adius ‘{ Finish Stock  |0.000

Roughing 0.100

T Do

] Woark Coordinates Clearance [mm] | Indexing Sequence '
Toe  |15.000 Skip # Start Gap = Coring Wacnine =
Heel 1DDDD M||'|'Q|- D End Gap Cutting Machine CnC [Universal § Axis 'A-C']Pinion [Finishing][Nominal] - CorwesclB
Cutting Cycle
@ Siot by St Convex [IB] Concave [DE]
() None () None
() Toe -» Heel -> Toe () Toe -> Heel -> Toe
() Fillet-Root 10.00 (") Heel -> Toe > Heel (") Heel -> Toe -> Heel
(® Tooth Flank Tool Pivat|0.000 () Toe -» Heel () Toe -» Heel
() Combined n () Heel -> Toe (") Heel -> Toe

(_) |BOB O5hape-Toe

N nnn

(") OB-IB O5hape-Toe

RLLL _J) BB Ushape-Heel I_J Ub-Ib Uahape-Heel
0.000 | (®) Rock Me [babe] (® Rock Me babe] I

(IRI L,

Save Output +/-

Anim Ok Cancel

Rock Me (babe) cycle

[l 6.B/R-86.95 X: 13.9245 V. -12.7373 /Z 19.3013 /A 127.1548 /C: 392.2027] -l
< M

%
=
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Cycles: Example: End Mill tool, Fillet

% SAxis CnC - Pinion [Finishing] 737 Spiral. HyG - [mm]

Machine/Tool Cycle  Metrics Cycling Time/Power Atbor  End Mil Operation  Process

Output Format Stock-Feed
[Regd. Sugg. Actual |
# Steps g | 6] | Start |1
E ESV :nm;t # Bottomland Pts (g <‘ End |g
ne Numbers
Include Operation Switches # Facewidth Pts n
Include Short Header e 25

Include Start Posttions Moving Contact Pt~ [] — 0.000
[] Explict Indexing Constant D-Radius
Finish Stock
] No Comments Roughing | ~{ T e DDDD
[] Coordinates Only 0.100
(] Work Coordinates Clearance [mm] | Indexing Sequence
Toe |3 Skip # Start Gap
Heel |3 Mmor []  EndGap
Cutting Cycle
Convex [IB Concave [OB
® Slat by Slat = 108]
) None (@) Mone
() Toe -> Heel -> Toe () Toe -> Heel -> Toe
[ (®) Fillst-Root |Too| Tit |10.00 ] (7)) Heel -> Toe -> Heel () Heel -> Toe -> Heel
T TOOLT I Tool Brvot | 0.0 O Toe -> Heel O Toe -= Heel
() Combined [] Fed (O Hesl == Toe () Heel -> Toe

[] steps
[ Tat.Pts

(®) |B-0B OShape-Toe (") OB-B OShape-Toe

O Chamfer Tool Side | pegth  [0.000 () BB OShape-Heel () OB-B OShape-Hesl

8 g::ﬂ:::¥22l End Chamf A |0.000 () Rock Me [babe] () Rock Me [babe]
() Chamfer Heel Fivot A.|0.000

Save Qutput +/- Anim Ol

o 3o o Do

Fillet finishing is integral to tooth flank finishing
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.

- —1

Cancel

Fillet cycles

1 Cutting Machine ==

Cutting Ma chine CnC [Universal 5 Axis %&-C1Pini on [Finishing)[Mominal]- CorvesclB

. 8.1/R.-80.83 X -04059/Y. 290273/Z 0.9756/A 845453 /C. 260.0558]
m
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Metrics. Profile-wise step depth, slot width, expected surface quality

Finishing Conwvex-IB [Toe] [mm]
Stept ot-Width Step-Depth Tot . Depth Flat-Width Flat-Prof. Ramp-Ang.

2
Profile-wise Steps &SR CnC - Pinion [Finishing] Hypoid-N10x60x120-01-Test-452_Corr.hyg - [mm] X /
Machine/Tool Cycle Cycling Time/Power Amor  End Mil Operation Process &
Stepping Dimensions ’_

[Too Tip Diameter]
Stprting Depth: 0.3305 /
1=2 1.2550 0.29432 0.€251 0.380¢ 0.0050 -
- — 2>3 0.5%3€1 0.240% 0.26e0 0.2841 0.003¢ -
Considered Tooth flank ~ a.71ss  @.172s 10385 o0.1ses  0.0022 -
0.5547
0_707¢
1.0385

Finishing Conwvex-IE [Heel] [mm]
Stepf Slot-Width Step-Depth Tot.Depth Flat-Width Flat-Prof. Ramp-Ang.

[Tooth Tip Diametex]
Starting Depth: 0.5377 >
12 1.878¢€ 0.5617 1.1533 0.8214 0.0072 0.7352
| e 1.3044 0.5057 1.€650 0.€5E2 0.0053  0.7277
Step by Step breakdOV\4n 34 0.88€0 0.4227 2.0878 0.4915 0.0036  0.€877
q 0.€341
Total - 1.4301 Flat-Prof.
Ending Depth = 2.0878
Finishing Concave—-0B [Toel [mm] w

Save Qutput +- Anim Ok Cancel
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Metrics. Lengthwise step depth, slot width, expected surface quality

Length'W|S€ Steps is CnC - Pinion [Finishing] Hypoid-MN10x60x120-01-Test-452_Corr.hyg - [mm] bt
Machine/Tool Cycling Time/Power Amor  End Mill Operation Process
___________________________________________________________ A
Length-Wise Steps
Finishing Conwvex—IB [mm]
Point# Flat Length Flat-Prof.
[Toe]
2 1.5052 00457
2=3 1.537¢ 0.0507
- —] 3=4 1.5715 0.051le
Considered Tooth flank a5 20085 0 028
=% 2.0478 0.0535
&x7 2.0%530 0.054¢
T=8 2.1381 0.0558
2=5 2.1253 0.0572
=10 2.2453 0.05835
i 10=11 2.308¢ 0_0£0%
— /| Total : 20.5460
Step by step breakdovx.in \
Finishing Concave-CB [mm] By \
Pointd Flat Length Flat-PFrof.
[Toel
1=2 1.5075 0.0145
2=3 1.5345 0.0153
3=4 1.5647 0.01s5&
4=5 1.55&€5 0.01s58
5x€ 2.0315 0.01ed W
Save Qutput +/- Anim Ok Cancel
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Metrics. Scallop height: for Plunge Generation with CoSIMT

Scallop Height

%" SAxis CnC - Pinion [Finishing] Hypoid-N10x60x120-01-Test-452_Corr.hyg - [mm]
Machine/Tool Cycle : Metrics | Cycling Time/Power Abor  CoSIMT  COperation  Process
Stepping Dimensions
4=5 2.1141 00804 ~
5=€ 2.1827 a._0s05
=7 2.15851 a.0&17
T8 2.2422 00827
25 2.2835 0._0&33
S=10 2.351s 0._0&55
10=11 2.41&7 00875
Total : 21.5072
Finishing Concawve-CB [mm]
Point# Flat Length Flat-Prof.
[Toel
1=2 2.01z0 0.022¢
2=3 2.0350 0.0225
3=4 2.0&87 0.0224
4=5 2.1010 0.0223
5=E 2.135¢ 0.0222
=7 2.1728 0.0221
=] 2.21z20 a.022a
25 2_2535 a.021s
S=10 2.2574 0.021e
1011 2.343¢ 0.0213
T\ Total - 21.6356
| Scallop Height [mml] 0.01ls |
v
Save Output +f- Anim Ok Cancel

n
CoSIMT Plunge Paths

Scallop

58




PostProcessor

Cycling Time Flank by flank operation Cycling time breakdown

Convex Tooth Flank

Concave Tooth flank

CompleteCycle

Tool Feeds &Speeds

%" 5Axis CnC - Pinion [Finishing] Hypeid-MN10x60x120-01-Test-452_Corr.hyg - [mm]
Machine/Tool Cycle  Metrics ¢ Atbor  End Mil  Operation  Process
Cycle Times
T\
__________________________________________________________ A
| Cycling Time
Convex—-IB
Line: 22_€4 [sec]
Face: S50.57 [sec]
Plunge : 0.52 [sec]
Retract: 0.17 [sec]
Returmn: 0.00 [sec]
Flank: 51.2€ [sec]
Concave—0B
Line: 22_6€ [sec]
Face: S0.€4 [sec]
Plunge: 0.52 [sec]
Retract: 0.17 [sec]
Return: 0.00 [sec]
Flank: 51.33 [sec]
Total/Slot: 182 €0 [sec]
Indexing: 0.1% [sec]
# Slots: &0
Cperation: 122.75% [minl
Cutting Feed: 350.00 [pm/min]
Plunge Feed: S00.00 [rm/min]
Rapid Move Feed: 1500.00 [mm/min]
Tool REM: 1500.00
W
Save Output /- Arim Ok Cancel

For Each Tooth Flank

ALine: each line in the face
width direction

A Face: the complete tooth
flank

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

AReturn: return trip time
(when applicable)

~

For the current cycle

A Total/Slot: total time per slo

Alndexing: indexing time

A Operation: time needed to
complete the operation

—F
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Power RequiredEstimate of average cutting torque required from tool

Power required

%" SAxis CnC - Pinion [Finishing] Hypoid-MN10x60x120-01-Test-452_Carr.hyg - [mm]
Machine/Tool Cycle  Metrics | Ly
Cycle Times
A
Concave—CB
Line: 22.05 [sec]
Face: 28.19 [sec]
Plunge: 0.52 [sec]
Retractc: 0.17 [sec]
Return: 0.00 [sec]
Flank: 28.89 [sec]
Total/Slot: 175.12 [sec]
Indexing: 0.1% [sec]
# Slots: &0
Cperation: 175.32 [min]
Cutting Feed: 350.00 [mm/min]
Flunge Feed: S00.00 [mm/min]
Rapid Move Feed: 1500.00 [mm/min]
Tool REM: 1500.00
| Power Reguired
Matl const Eec: lz00.0
Cut depth ap: 0.572 [mm]
Cut width ae: 2.000 [mm]
Table feed: S00.00 [mm/min]
Zwe. Power: 0.0215 [Ew]
Zwe. Torgue: 0.13€8 [M-m]
W
Save Output +i- Anim Ok Cancel

CoSIMT, End Mill Ball Mill:
depending on the type of
cutting cycle selected,
HyGEARS will calculate the
aevalue, which is the size of
the cut / tool blade or flute, in
order to estimate torque and
power based on materidt
value.

Face Mill / Coniflex:
HyGEARS calculates the
volume of material to be
removed from the gap and th
time required to remove this
volume in order to obtain the
Ave. Torque and Ave. Power
values.

o))
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Arbor: Blank supports on the machine.

Work body between He al %" 3hxis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [mm] x
arbor and Heel fillet Machine/Tool Cycle  Metrics Cycling Time/Power End Mil Operation Process
Details
Length Diameter Angle
ok Back
“fa.220 35001
0.000 ", 0.000
— — 0000 [T 0.000
Heel arbor definition N . /
........ ... [47.000 35.00)
225&“ D00 T, __.f!
ol T Bt
37.000 T 25.00) _.f'f
58700 | e 23.40) 4
...... /
S B |
Toe ' /
Heel Arbor
5 00 e, el arbor
Toe arbor definition 0.000 0.000
0.000 0.000
Save Output [
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Arbor: Chuck Length.moves the workpiece relative to the arbor without having to modify the aybe:
This way, one can assess what change in Chuck Length is required to avoid the tool hiltirL

support arbor behind the workpiece.

" 5Axis CnC - Pinion [Finishing] 26x265piralNest-106-Devhyg - [mm] x
|
Fie  Ed

e Curting Machin tnt [DIUES - 840D] Pinian [Finish| Lot r— gl

Work Back

Heel
12.700 125.00 0.000
setup.
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 Cle
Chuck Length
Toe

B R e L « For example, the Face Mill cutter is seen
quite close to the support arbor behind the
e part. The Chuck Length is null in this

- - ""
B f h f f h - 4 5Axis CnC - Pinion [Finishing] 26x26Spirallest- 106-Dev.hyg - [mm]
ecause 0 t e Con Igura’tlon 0 t e , ‘H\e Edt  Graphics gMisc Vindow  Display Page  Help Machine/Tool Cycle Cycling Time/Power Abor  Face Mil Operation Process
. . Fin QF 3 J"\L 28 s QLB 5] <@ User TCA LTCA Geometry Loads Stock CM :
installation, the Chuck Length must be” | = C e .
[ Work Back

increased by 10 mm to have better =

0.000 0.000 0.000
0.000 0.000 0.000

holding support. In this condition, we o e
can see that the Face Mill cutter will = x =
hit the support and an alternative

approach must be found.

oo oo | [0.000
Con
Pt
[ E Output || Apply Anim
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Tool Definition: Tool dimensions, reference (tools are user defined).

Tool name & ID

Tool dimensions

Tip reference warning

Tooth reference dims.

Tool list

is CnC - Pinion [Finishing] G513-19-001-EWS.hyg - [mm]
Machine/TooNCycle  Metrics  Cycling Time/Power  Abor  End Mil Operatigh  Process
End Mill Details Mame  [1.5mm Ball Nose |
Tool ID: |1 1.5mm Ball Nose:
1.5mm Ball Mose GKN
TLUID: (0 1.5MM GUHRING DIVER
1.5mm S
™ Diameter 1.5000 1 3mm BN Eppinger
Edge Radius 0.7500 1/164aperball
c Al 1/16 GMC
one Angle 0.0000 e Damml 111 E"
R. Curvature 0.0000 1/2" BallNose
] 1/2" Sq EndMil
Cutting Length 45000 1/32 GMC
Cutting Lengthin . [1.7 — 1/4" Sq EndMil
R | 17500 (St DRRAC >4 |1/8" 4FLUTE BALL ENDMIL
Tool Length 10.0000 148" BN 0.001"ER
1/8" BN D.030"ER
Taper Length 1.3000 '/ |1/8" BN 0.0625"ER
Stem Diameter 3.0000 (Cone Angle ————a 10EM-R2-Wid-VariM1
) - | T0EM-Wid-SCRUF
Haolder Diameter 20.0000 _— o X 10EM-Wid-SCRUF-Red Len
Halder Length 30.0000 | Carvature—" | | 10mm BallNose
10mm Bull Nose
Haolder Angle 0.0000 10mm Sharp
Number of Futes 4 ~|12mm BallNose
Y [12mm 5
Tip Reference | % |12mm Sg BGI
“{12mm 5q BG-Multi
_— = 12mm_Chamfer_Tool
e . 14mm 2ER
0.2457 Feeds [mm./min] 14mm Sharp
2 8390 RPM 12000.0 16EM-HighFeed-Taequ
/ 3.7450 Rapid Move [3000.0 | Plunge [1500.0 | Cutting [100.0 |
e Save Output +/- Anim Ok

S

~

v
Cancel

Tool feeds & speeds
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U7
=

Tools: CoSIMT tools (or Conical Side Milling Tool; same&a n d invokliba nd GI e a g
UpGear) can have circular cutting edges which allow the generation of tooth profiles it
concave profile curvature, such as Face Gears. Blade angles are totally flexible.

%" Shxis CnC - Pinion [Finishing] R56_Diff_11x16_¥0.hyg - [mm] X

Machine/Tool Cycle Metics Cycling Time/Power Abor  CoSIMT  Operation  Process

Body Dimensions

CoSIMT Details Name |001_229263R75_D1 | |DD1_225253H?5_D1 e

Tool ID: | S6MM_INVOL Clear | Save | Delete | DXF

TLUID: |0
Out. Diameter 56.0000 ) .
Dia. OB 54.8196 g BT e —
Dia. 1B 55.5000 ﬁx’-, E— A Omtii ?: mi?ﬁ”d’gg
Pw.O 0.7350 ! ! 1
P Width 1.5077
Edge Rad. 0.4000 Radius of Curvaturs
Outside Angle 0.0000 Inside Cutiing Edge
Included Angle 30.0000 - —1—
Edge Length 5.0000 | :
Edge Length in Use |2 0000 | i
Qutside R. Curv. 0.0000 — ] |
Inside R. Curv. 0.0000 —T I'I i

I

0.5682
1.1082 Feeds [mm./min]
2 4467 RPM 1250.0
47713 Rapid Move 29997 | Plunge [1524.0 | Cutting [2082.8 |
Save Qutput +/- Anim Ok Cancel
Definition of a CoSIMT Spherical Cutting Edge
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Tools: CoSIMT tools can also have an Involute profile such as to allow grinding Face Gears.
When doing so, the same Involute profile as defined for the reference shaper is used on th
CoSIMT, but the profile is shifted radially such as to satisfy the entered OD.

s Shuxis CnC - Gear [Finishing] Test-1-Face Gear.hyg - [mm] X

Machine/Tool Cycle Metics Cycling Time/Power Abor  CoSIMT  Operation  Process

CoSIMT Details Name |2250D-Involute-0.20R | |2250D-nvalute-0. 20R v
Tool ID: |1 Clear | Save  Delete = DXF
TLUID: |0
Out. Diameter 2250000 )
) \_—‘ Edpe Rad
Dia. OB 224 7368 T il A
Dia. 1B 224 7375 N WA .
Pw. O 0.0776 ) !
P Width 0.4532 o ‘ i
Edge Rad. 0.2000 S BN
Outside Angle 20,0326 [out D4 e |, |
Included Angle 402042 [ | \
D-Thickness 01750 bl | oot i i ey B "
Edge Lengthin Use 5 3530 h
Outside R. Curv. 0.0000 @_’ .‘_ \‘-~ Included Angle
Inside R. Curv. 0.0000 Tty / )
Body Dimensions | Ewidh |
. ¥ F AR

Involute Profile - ~

1.1388

1.0000 Feeds [mm./min]

1234 RFM 1200.0

3.3706 Rapid Move [1500.0 | Plunge [500.0 | Cutting [500.0 |

Save Qutput Apply

o = Ok

Definition of an Involute CoSIMT

Involute Cutting Edge
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PostProcessor

Tool Reference Point: theTool Lengthto be entered in the 5Axis machine controller depends|on

the location of th&ool Center Point (TCR)as follows.

/r———-r Y A

Inside R. Curv.

Included Angle
', i h
‘-‘1‘-""\-\_—

v \

Inside Blade

]

]
1
i ' lI A i
. i
€ "'\\ E N '
" ' A \ | [ ! v
deld e \\ ' | \ ]
"] B \, . . K
' \ |
I i }" . .
\ N, Ed
¥ | ) . .
X ' .
' \
' \
'

Body Height

|
|
i 'Y
i ¥
i 'y
.
|
Tool Center Point : Tool L@
| L 2
T T | ~
|
o | L
I'. ..' L I'. .'. Y
\ _ 'y
|
Blade Tip

CoSIMT : TCP (located @ mid.Width

Face Mill Cutter: TCP (in the plane of blade tips)
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PostProcessor

Tool Reference Point: End Mill / Ball Mill tools: reference can be given &CPor Tip.

3

| Holder Diameter J—b Holder Lengih

3
£

h 4

Stetn Diameter

. Tool Length
-q-'—
|| Taper Length

A Y

Taper Angle

i

|

Tool Center Point

.

e

Ball Diameter ‘ |\_

Tip Reference

Holder Diameter >4 >

Holder Length

h 4

r

|
: Cumng
I

To 01 Center Point

Dmmeter

Tool Length

Length

Tip Reference

¥
j Edae Radius

Ball Mill : TCP and Tip

End Mill: TCP and Tip

67




PostProcessor

Tool Reference Point: Probe and Coniflei dish type cutterTCP

T

» | Holder Leneth |

| Holder Diam eter I ]

h 4 |~‘- 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 .
| ack Angle
J_
|

Probe Diam eter

Probe: TCP Coniflex Dish Reference Poinf
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PostProcessor

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

tool independent.

IS

Cutting Machine CnC [INDEX G220 [CSP]] Pinion [Finishing][Mominal] - Left

bz

Mid-face width (on the Axis

Work piece reference point:

bz

q: 0.0/R: -318/X 2.05109 /Y -4717411/Z B.48812/B1: 72.76035 /C5: 178.80232 (Fos 1/21) [Stp 111]

Spur/HelicalBeveloidHerringbone gears
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PostProcessor

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

Cutting Machine CnC [Matec-20-HV] Pinion [Finishing][Mominal] - Convex-IB

Pitch cone Apex

Work piece reference point:

g -23/R: -326/X 04713/ 1.3336/Z 0.0101/B: 101.66378/C: 200.70008 (Pos 1/11) [Stp 1/3]

Straight Bevel/Spiral Bevel/Zerol/Coniflex gears

/0




PostProcessor

Part Reference Point: Hypoid gears.

Cutting Machine CnC [Matec-20-HV] Pinion [Finishing][Mominal] - Convex-IB

Crossing Point (Xp)

Work piece reference point:

q: 6.1/R: 60.200X 64219/ 2729417 -15.2566/B: 130.17260 /C: 132.55451 (Pas 1/11) [Stp 1/5]

Hypoid gears
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PostProcessor

Part Reference Point: Face gears.

Cutting Machine CnC [Matec-30-HV] Gear [Finishing][Nominal] - Left

Pitch Plane (on the Axis)

Work piece reference point:

q: 00/R: -587/X 532397 -87.3642/7 19.6350/B: 78.58258/C: 8412813 (Pos 1/24) [Stp 11]

Face gears
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PostProcessor

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

Operation name

Operation ID
Used forthe name of th
part program and

U

sub programs

Operation list

Programmed tool change———

If 1stGap = 0, then no
Tool change occurs.

Operation switches
May be turned On/Off if

the Output Format

Tool feeds & speeds
Origin from tool, and ar

11%

overridden here.

_

_7

Machine/Tool

Operation

MName

#1: Fank MPass CoSIMT [1-11/11]

| |¢.t2: Flank CoSIMT [0-21/21]

> |

in

d

D& |60 [] gtemal Subroutine
Save | Delete || Impot || STEP Output \
Tool Change \\
ok 0 ¢ J g ¢ - |Main and sub programs
Gap#® |1 ] ] 1] ] 1]
Switches
Coolart On Coolant On Code |3
Coolant Off Code |9
Spindle CW '
Spindle RPM — -
/ [ Spindie CCW pneE 0.0167 < | Tool cutting torque; use
- :‘EDDDDDD —1 to estimate required
[] Retum Trip : :
# Seps torque & power.
Feeds [mm./min] i
Rapid Mave 1500.0
/ Plunge 500.0 Imposes the tool returr
Cutting IB Toe-»Heel |B Heel->Toe OB Toe-»Heel OB Heel->Toe path
300 | [so00 | [3m00 | [3000 |
Save Qutput Apply +- Anim Ok Canicel

/3




PostProcessor

Operations: The Operations page allows saving combinations of Machine, Tool and Cutting (
selections, for the current geometry, under one identifier such as to be able to us

same combinations with different geometries, or when defining Processes.

Cy¢l

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

Machine/Tool Cycle Metiics Cycling Time/Power  Atbor  CaSIMT ;U

Operation
Name  |#1: Flank MPass CoSIMT [1-11/11] | |#2: Flank CoSIMT [0-21/21] w
Lo nn—l [ Intemal Subroutine
Save Delete || Import || STEF Qutput ]

Tbcl[hang; J

Tool ID |1 0 0 0 0

TLUID |0 0 1] ] 0

Gap# |1 1] 1] 0 ]
Switches

Coalart On Coolant On Code |8

Coolant Off Code |9
Spindle CW
Spindle RPM (1500 e ——
[ Spindle CCW ? 150 | ome
ae: (0.000 | [mm]
[] Retum Trip Ke: [1800.0
#Sos

Feeds [mm./min]

Rapid Move 1500.0

Plunge 500.0

Cutting IB Toe->Heel 1B Heel->Toe OB Toe-»Heel OB Heel->Toe

300 | [3000 |

(3000 |

300.0

Save

Output +/- Anim

Ok

Cancel

an Operation is specific to a geometry, |.
it 1 s s & perations.fibh t hk
stored i n a geomet
the Save / Deletduttons conserve and
erase the selected operation;

the Import button allows importing
Operations from other geometries; thus,
Operations can be rased,;

the Output button generates the part
program for the selected Operation;
Tool Changesan be imposed at specifie
tooth gaps;

SeveralSwitchescan be imposed to any
given operation.

Operations Tab
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PostProcessor

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 STEPfil
which can be read by any CADAM software, such that the actual shape of the tooth

can be exported for assessment at any intermediate manufacturing step.

4" 5Axis CnC - Pinion [Finishing] 7«37 Spiral.HyG - [mm] X

Machine/Tool Cycle Metrics Cycling Tme/Power Abor  CoSIMT  Operation  Process

Operation |
Mame |#1: Flank MPass CaSIMT [1-11/11] | |t:l2: Flank CoSIMT [0-21/21] w
ID#: |60 [ Intemal Subroutine
Save Delete || Import || STEP Output
Tool Change \
Ted ID |1 0 \ [0
TLUID |0 0 Yo
Gap# [1 0 0\ 0 0 0 B
Switche: \
&3 STEP File from Operations \ *
Flank Operation: |#z Finish 4mm 5q [0-21/21] - |
Fillet Operation: | 3: Fillet CSlot 3mm BN [0-3/ vl /
Feeds [n
- — :
Cutting |B Toe->Heel |B Heel->Toe OB Toe-:Heel OB Heel->Toe L ;IJ
3000 | ([3000 | (3000 | [3000 |
Save Output Apply +/- Anim Ok Cancel
Operations: STEP output Final tooth: O Flank Stock1.5 mm Fillet Stock

/5
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PostProcessor

Process Organizes Operations in a user defined sequence.

Process name K / Process list

is CniC - Pinion [Finishing] 7x37 Spiral.HyG - [mm]

Machine/TodN Cycle  Metrics  Cycling Time/Power Abor  CoSIMT  Operatiory”” Process

Processes n
P 1D N CaSIMT + EM | CoSIMT + EM All Main and sub
ame + + . .
rocess — ~L on o [ce . programs in same file
Used for the name of the I G
part program and SUb Save | Delete | Import || Summ || Output Apex Loc. \ :
programs Available Operations & || = | Process Content LT i Overndes_ thé\lo
> #1 Rough OShape 4mm EM [1-6/7] #1: Flank MPass CoSIMT [1-11/11 CommentSWItCh for a”
- - —— #1 Rough OShape dmm EM [1-6/7] Gear H2: Fank CoSIMT [0-21/21 Operations Of a Process
#1 Rough O5hape 4mm EM [1-6/8] G4200 H3: Fillet CSlot CaSIMT [1-2/3]
Available Operatlons #1 Hgﬂgh OSh:E: dmm EM [1-6/8] G:}E-DD I

#2 Firish 3mm BullN [0-3/3] Gi200

£ Finish 4mm 5q [0-21/21]

H2 Finish 4mm 5q [0-3/3] Gear

#3: Filet CSlot 2mm BullN [1-3/3] G4200
#3: Fillet CSlot 3mm BN [0-3/3]

#3' Fillet CSlot 3mm BN [0-3/3] Gear :
#4 Fillet 2mm BN [1-2/3] G4200 SelectedOperations
#4 Filet 2mm BN [1-2/3] Gear
#4 Filet 3mm BN [1-2/3]

Save Qutput +/- Anim Ok Cancel
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PostProcessor

Process:

A Process is an ordered sequence of Operations in which a Main, or Calling, progra

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

s

ARouMPas® f i rst, and t he-NMPaGper ati on RO
%" 5Axis CnC - Pinion [Finishing] %37 Spiral.HyG - [mm] >
Machine/Tool Cycle Metrics Cycling Time/Power Atbor  CoSIMT  Operation  Process ] . } |t .
A A Process is specific to 6} geo[n_etry, l.e. It I
Name [CoSIMT + EM | [CoSIMT + EM v] saved Hrogcessgedifie fiii | e $ 1
) C e i geometryos folder;
i poex L. A A Process can contain any number of
Available Operations &~ || = @ocessComem S ﬂ OperatlonSI t h e con t r o I I elrl
#1 Rough OShape 4mm EM [1-6/7] #1F|ank MPassCDSIM 1-11/11 . . -
E EEESE §§E:E: Em EE ﬁgﬁ% Efgrgg CS|13] the praCtlcal ||m|t,
ou ape 4mm b/ i
ggz::gnmm EEMH‘[?D;ES}GQDD ’ A the Save / Deletduttons conserve and
%:Fﬁ:i;hggg 2“: fgﬁ%ﬁﬁ% e D erase the selected Process;
» Fillet CSlat 3mm /. . .
#3: et CSlot 3mm BN [0-3/3] Gear A thelmport button allows importing
#4 Fillet 2mm BM [1-2/3] Gi200 .
£ Flet rm BN (1273 Gear Processes from other geometries;
A theOutputbutton generates the complete
part program for the selected Process;
A All Switchesmposed in any given
operation appear in each step of the
Process.
Save Qutput +/- Anim Ok Cancel

Processes Tab

(7




PostProcessor

Output:

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

» th

A part program comprises:

%" SAxis CnC - Pinion [Finishing] 7x37 Spiral.HyG - [rm]
Machine/ Tool C?E:'B Metrics  Cycling Time/Power Abor  CoSIMT  Operation  Process
ﬁ:upu Format \ Stock-Feed
M [Reqd. Suagg. Actual |
Use Actual Tooth # Steps Start 1
St
D C5SV Fornat - - D ERE
5 [ Tat.pts
#F; idth Pt
[ Include Operation Switches acew s 21 Bottom Up [ ]
Include Short Header Retract Factor 25
Include Start Positions Moving Contact Pt - 0.0000
[] Explicit Indexing Constant D-Radius
Finish Stock
[ Mo Comments Roughing | ﬂ{ AR, 0000
[] Coordinates Only 0.100
[ Work Coordinates Clearance [mm] | Indexing Sequence
Toe  [15.000 Skip # - StatGap [1 |
\ j Heel [10.000 Mimor []  EndGap
Cutting Cycle -
Convex [IB Concave [OB
® Slot by Slot DN[] P il
() Flank by Flank one one
(®) Toe -» Heel > Toe (® Toe -» Heel - Toe
() Fillet-Root 0.00 (Z) Heel > Toe - Heel () Heel -> Toe > Heel
(@) Tooth Flank Toal Fivet |0.000 () Toe -» Heel () Toe -» Heel
() Combined ] (Z) Heel -= Toe () Heel -» Toe
() |B-0B OShape-Toe () OB-IB O5hape-Toe
0.000 () |BOB OShape-Heel (O OB-B OShape-Heel
0.000 ") Rock Me [babe] () Rock Me [babe]
— () Plunge Generation () Plunge Generation
Save | Output I:Apph.' +/- Anim Ok Cancel

A aHeader in which user selections,

A

Part program Output

machine settings and tool definition are
listed; this is optional at output time using
the ANO comment | i
a Preamble specific to the selected
machine, where machine code desired by
the operator is added automatically;
thelndexing Sequencewhere each tooth
slot calls the actual cutting program in thg
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.

(D
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PostProcessor

Output:

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

File  Edit

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

;PROGREM NRME
; PFROGRAM DATE
7 SUMMARY VERS
sTOOL ID

;TOOL DIAMETE
;TOOL LENGIH

R L i

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

07-21-2015

ICN : [Nominal]

120121 27588 367

R : 6.00[mm]
40,00 [mm]

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

End

Increment
Steps

Start

End

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

IB/Left Cycle
OB/Right Cycle

A

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

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

[mm]

Claude Gosselin
4.0.404.60-457

Start Header -——-————————————————

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

m

GEAR [FINISHING]

CUTTER SPECIFICATIONS [I.B.] [0O.B.§
L

Average Diameter 304.8000

Blade Angle 28.4178 11.4156

Blade Edge Radius 4.,1910

Point Width 6.1112

Rad. of Curvature €350.0000 &350.0000

Rad. of Curvature-Ref. Height 0.0000 0.0000

TopRem Depth 0.0000 0.0000

TopRem Radius 88.9000 0.0000

Cutter Gaging 0.0000 0.0000

GEAR [FINISHING] :Spread EBlade

MACHINE SETTINGS - #175-5

Radial Distance 148.9870

Cutter Tilt 6.1644

Swivel Angle 197.3272

Blank Offset 0.0000

Machine Root Angle 64.5626

Machine Center To Back 0.0947

Sliding Base 13.7400

Rate of Roll 1.07255

Cradle Angle 54,3272

WCREPIECE DIMENSICNS

# Teeth 33

Module 1z2.121

Face Angle 69.748

Face Width T8.T749

Front Crown to Xp 49.047

0D Toe 266.512

OD Heel 400.036

END MILL TCOL DEFINITICH

Hame

Diameter 6.000

Edge Radius 3.000

Cone Angle 0.000

Cutting Length H 30.000

Cutting Length in Use: 30.000

Tool Length : 40.000

Stem Diameter 8.000

Holder Diameter 0.000

Output: Headeii 1t part

Output: Headeii 2" part
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PostProcessor

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

SEQINDEX[1] =
SEQINDEX[2] =
SEQINDEX[3] =
SEQINDEX[4] =
SEQINDEX[5] =
SEQINDEX[6] =
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

——————————— Start of Program ————————— 4 -

[ 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 -————-————————-

TRANS C=(TEETH_ANGLE*SEQINDEX[ (RESTART_TEETH)])
STCOPRE

P Tooth Space # 2 ——————-——————
RESTART TRETH=2

Output: Headeii Indexing Sequence
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PostProcessor

Output:

Tool path coordinates: the actual tooth flank cutting commands.

f: Part Program for: Gear [Finishing] 13x33d400_final REG.hyg

Gl

G1

Gl
Gl
G1
Gl
Gl
Gl
G1
Gl
Gl
Gl
G1
Gl
Gl
Gl
Gl
Gl

Gl
Gl
Gl
G1
Gl
Gl
Gl
G1
Gl
Gl
Gl
Gl
Gl
Gl
G1
Gl
Gl

File  Edit

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

;e Convex —-—————————————- =

F=HYG RMOVE_FEED

F=HYG PLUNGE_FEED

F=HYG CUT_FEED

Toe

X43.53071 ¥110.61900 Z-3.74949 A35.756273 C=DC(400.152521)

X26.06661 ¥89.81821 Z-41.36221 A35.756273 C=DC(400.152521)

X25.26790 Y103.03668 Z-47.52692 A36.029326 C=DC(387.861522)
K22.55098 ¥116.12572 Z-53.68882 A36.265516 C=DC(395.416752)
X17.%2101 Y129.18801 Z-59.84734 A36.460072 C=DC(382.519123)
X14.29067 Y136.78683 Z-63.44583 A36.550894 C=DC(3380.645807)
X10.10552 Y144.30330 Z-66.99599 A36.625650 C=DC(388.695267)
K5.34714 Y151.70683 Z-70.49853 A36.680815 C=DC(386.646779)
X-0.00629 Y158.96533 Z-73.95076 A36.716033 C=DC(384.496324)
X-5.97993 Y166.04370 Z-77.34803 A36.731920 C=DC(382.244733)
K-12.80486 ¥172.90406 Z-80.68036 A36.73220%9 C=DC(379.913287)
K-19.90785 ¥178.49789 Z-83.95180 A36.T709655 C=DC(377.447298)
X-27.93179 Y185.77627 Z-87.14607 R36.670126 C=DC(374.886054)
X-36.71690 ¥191.67622 Z-90.26119 A36.607962 C=DC(372.189166)
K-46.31630 ¥197.12535 Z-93.28604 RA36.523252 C=DC(369.350248)
K-54.77268 ¥201.37589 Z-95.73668 RA36.4348%4 C=DC(366.904596)
X-63.87406 ¥Y205.45836 Z-98.18585 R36.327558 C=DC(364.320003)
X-T73.61161 ¥209.37427 Z-100.63336 A36.199903 C=DC(361.595408)
; Heel

X-T73.08370 ¥209.26241 Z-100.84E835 R34.528885 C=DC(360.283059)
X-63.34294 ¥205.30060 Z-98.40175 A34.864243 C=DC(362.902380)
K-54.24202 ¥Y201.17677 Z-95.95369 RA34.78027% C=DC(365.378343)
X-45.78994 Y196.88897 Z-93.50434 R34.878262 C=DC(367.718440)
X-36.23343 Y191.41968 Z-90.49238 R34.975347 C=DC(370.41891¢§)
K-27.48794 ¥185.50425 Z-87.38904 A35.051837 C=DC(372.984634)
K-19.50004 ¥178.21428 Z-84.20582 A35.106547 C=DC(375.413710)
X-12.23398 Y172.61331 Z-80.94058 A35.150787 C=DC(377.779319)
X-5.64100 Y165.74836 Z-77.61518 A35.169069 C=DC(379.890188
K0.29936 Y158.66957 Z-74.21937 A35.178710 C=DC(382.154580)
K5.62143 Y151.41360 Z-70.76635 A35.171167 C=DC(384.222515)
X10.35029 Y144.01533 Z-67.26063 A35.146073 C=DC(3E86.193376)
X14.50776 Y136.50658 Z-63.70516 A35.103886 C=DC(388.071190)
X18.11037 ¥128.91874 Z-60.09715 A35.051995 C=DC(389.302054)
X22.66829 Y115.94751 Z-53.94874 A34.929071 C=DC(382.726020)
X25.31506 Y102.97743 Z-47.79827 A34.774315 C=DC(385.238174)
X26.04511 ¥50.00484 Z-41.64624 A34.591E63 C=DC(397.436114)

; Toe

V3£ 170732 ¥EGQ Q8SS1 F_471 OQ1NES NEI 4SG4AN ~=NriEad S7371Eah

Output: Tool path coordinates (with comments)
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PostProcessor

Sample Result 1:

13x37 6.5 mm module, Face Milled hypoid gear seti-finish.
Contact Pattern checks show pertf

e

Actual Contact Patterns

HyGEARS Contact Patterns

o

Hesal

Heel

Gear Concave-0B Gear Convex-1B
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PostProcessor

Sample Result 1: 13x37 6.5 mm module, Face Milled hypoid gear lsatd-finish.
Contact Pattern check shows perfle

machine)
Roughing :

To o Io Do Do I

Hard finish :

Pinion Fixed Setting Generated
Gear Spread Bladé Generated
Cut on DMUG65Monoblock(AC type

CoSIMT
Pre-Finishing : Bull Nose End Mill
Tapered End Mill

Actual Contact Pattern
Pinion OB

Hy GEARS®
Predicted Contact Patterr

Pinion OB

13x37 hypoid gear pair on the VH tester

’._s
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Sample Result 1:

hardf i ni sh shows negligible
theoretical.

devi

13x37 6.5 mm module, Face Milled hypoid gear set: Pinion CMM output|af

at

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

bevel Part No. Summary No.  Meas. point Pitch Measuring direction  Deviations Pitch

19882-01-02 Final — Radius = 45.818eight = 29.817 Counter-clockwise MNormal section
Pinion 1 2 3 4 5 8 T
+ +

8
2 +3
S04 5 <
34
2 1 1 1 1 1 1 2 2 2
Warp factor
a il o o ol -0.25° [ 3.00°
/ /G /D ,/D / /D /0 / / A
4 1 1 i 1 1 1 1 1 1 Flank 1 6o}
-0.0 - 2iMn)
/ / / / 24 CONVEX M)
5

i 050 mm e -1 -0 -0 -0 -1 -2 -2 i Tolerances 150150 18 = 052711007

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 \0\ \o\ \o\ \.1\ \.1\ T 2 Flank 2 - 1iMn)
\ \ \ CONCAVE Jom
2 1 2 v

) ] 0 ] 1 fb= 0.07'[1.00°

4 Warp factor

I 2 \ \ \ \ ) \ \.1\ S0 \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 (4|5

Tooth thickness * fp= 7.8 (515

Tip cone Root cone
P Pitch flank 1 —2—er —T T~ fu= 86 @9
) CONVEX - T8 10 T | '
57 -42<-30 - 230 12 Tie o T [ M — Frsn= 204 (5|5
B -
o I4u pm ( Fr= 104 (3]5)
-104 TR X1 o~ Fp= 200 15
) -2
Pitch flank 2 = =+ == = . fp= 9.9 (515
coneave T0 2 fa e &, &, 57 T3 *0 P (515)
55 | 54 T o= 84 419
Heel S 1.00 mm Frsn= 18.0 {4]5)
Tootn thicknzss angie - 13.7471 *
ZEIXY Data path CMM Ho. é Date Time Operator Customer Signature Quality evaluation
1303701268 000000 o
H NAGA4Ei462125 Hypold Pinion Shaftibevel cutting procassicmmii 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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Sample Result 1:

ni

theoretical.

s h

s hows

negligible

devi

13x37 6.5 mm module, Face Milled hypoid gear set: Gear CMM output afte
hard-f i

at

GEAR PRO
I bevel % Q

Workpiece No.
13x37g4 140226PAK

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

Mounting distance Md. Dit.
63.500

Comment
First piece finished_ T8 run for entire part.

Part No.
19882-02-01 try1

Summary No.

Meas. point Pitch
Radius = 98.874Height = 17.494 Counter-clockwise

Deviations Pitch
Normal section

Measuring direction

Wio make it vrible.

‘Ceprght § Can T 70002072

M:GA4E'E2226 Hypaid Ring Gearlbevel cutting processicmmi12:37g4 14020

Ring gear 8 ¢
Z
-0.8
033
fb=-040" PR
4 6D
Flank 1 X
3.8 / CONCAVE - 2iMin)
5
hgl— mm fa=-038"
e 200mm  Toe Square error 638
v. 8.0 mmis 5
fa= 172"
34 P Flank 2 - i)
CONVEX 1207
8 (M|
\ fb= 027°
Warp factor
052"
I 20 ym \\ 7.6
7 8
ry Y g
DIN 3965/86
Fp= 13.8 (316)
Tooth thickness + 5 e GG T 09+8+7+5 T fp= 25 (16
Pitch flank 1 £0__* G 1439, 49, = - 40 @16
coNcavE 7 B I o . o 5 B i P VR u= 4
-16] 30 - Frsn= 10.9 (3]6)
Toe Izu pm Fr= 262 (516)
Fp= 18.4 (3]6)
Pitch flank 2 = fp= 46 (316
CONVEX
fu= 3.7 (218
e 4=+ 2.00mm Frsn= 17.1 (4]6)
Tooth thickness angle - 4.8045°
ﬁ Data path CMM No. é Date Time Operator Customer Signature Quality evaluation
o 28.022014 152849

GEAR PG bevet Fav. SO0 Fun TECBI0T2 Tatmamies Rav. 4000 fam 2302507
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Sample Result 2: 26x26, 1.5 mm module, duplex helical spivalvel pinion cut using a Face
Mill cutter.

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

Orginal Flankenform fehler RMS Flanke 1:0.0146

o=
=
(%]
—
i

Flank 1 7 55T
Cone0.0093 #fb = -15.
(Gond 005 s 7 /7 fa=-9208
0.0323 F—=x " Vv wf=-77.75 /10 mm
b L -0.0024
Toe Topland Heel
0.0037 s ————=——4(.0083 |
Ie—n 5 : : Ny =272
-0.0221 3 N fa=-930%8
Flank &= 3 N .

wf=-100.81 10
(Convex) ) mm

]0.0500 mm

EMS Flanke 2:0.0119; Quadratfehlersumme:0.00002464
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Sample Result 2:

G A G Ecélsulated Correctiomlata andexpected residual errors after-geit
show negligibl;ébressure and spiral angle er}ors,d:mt/vningwill remain on

the Concave tooth flank.

/
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