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Warning

This document contains intellectual property (IP) of Involute Simulation Softwares Inc. It
is protected by Copyrights of Involute Simulation Softwares Inc.

It is intended for the sole use of training HyGEARS customers, by persons agreed by
Involute Simulation Softwares Inc.

Any infringement to this will be followed up legally.

Thank you for the respect of the IP and work involved in preparing this.
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What You See Is What You Get

HyGEARS, THE GEAR PROCESSOR, was developed to help Spiral-Bevel and Hypoid
gear designers and manufacturers reduce production time while increasing the quality of
their products.

HyGEARS may also be used for the analysis of internal and external Spur and Helical
gears, Straight bevel gears, Coniflex bevel gears, Hirth couplings, and Face gears.

HyGEARS is built around an advanced Graphic User Interface, which simplifies the
operations and the understanding of the results.

All results are given in WYSIWYG mode which means that, in HyGEARS, what you see
is what you get.

Measured Contact Pattern HyGEARS’ Simulation
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Training Qutline
* General presentation of HyGEARS

* Vector simulation of gear manufacturing processes
* Tooth Contact Analysis (TCA)
* Ease Off Surface
* TCA, Transmission Error and the Contact Pattern
* Numerical Contact Pattern development
* Cutting processes and machines
* Software calibration
* HyGEARS Graphic User Interface (GUI):
» Starting HyGEARS
*  Parent Window
* Display Modes
e Child Windows
*  Graphic controls
*  Context sensitive Help
*  Geometry Summary editor
*  V-H Settings
* Creating a New Geometry; Spiral bevel / hypoid, Coniflex Spur. Helical, Face gear, Beveloid, Straight bevel
* Production Control: Corrective Machine Settings (Closed Loop) / Reverse Engineering
* 5Axis CnC Manufacturing
* Graphic Display Functions
* Teeth and Machines: geometry, 5 Axis CNC manufacturing
* Kinematics: TCA, LTCA
* Measurement: target file, analysis, Corrective machine settings, Reverse engineering
* 2D Graphs:
* FEA meshing; Finite Strips meshing
* Addendums
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Stren and limitations

Main HyGEARS features ...

* 3D displays throughout;

* Internal architecture flexibility allows expansions;
* Many different ways to arrive at a given goal;

* Fast and easy to use.

Some HyGEARS limitations ...

* Design of face-milled hypoid gears limited to 90° shaft angle;

* Design of face-milled spiral-bevel gears limited to ~ 25-140° shaft angle;

* Design of face-hobbed hypoid and spiral-bevel gears not allowed at this
time (import of existing summaries allowed);
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1994-2004

Japan:
Yutaka Seimitsu Kogyo
Mitsubishi Motors
Toyota Motor Corp.
Subaru Motors Corp.
Subaru Central Labs (Tokyo)
Hino Trucks
Honda Motors
Showa Gears
Daihatsu

Korea:
KIA Motors
KIA Heavy Industries

Europe:
Romax Technology (UK)

USA:
DANA Corp.

H

American Axle and Manufacturing

GM
Linamar

EARS Customers

From 2013 -
China:

SEW Eurodrive (Tianjin)

miniGears (Suzhou)

Harbin Marine Boiler TRI

Europe:

Drive System Design (UK)
Reliance Precision Ltd (UK)

Spirotec

Robert Bosch GmbH

Neugart GmbH
PTR-TEC
BMW

EWS Weigele GmbH

DEPRAG

FZG

ZG Hypoid

Hoer Innovativ
MAN Trucks & Bus
Haas-Multigrind
ZG Hypoid
Eppinger Gears
EWS Weigele
Sandvik GmbH
GB Ricambi
Breton Spa

GB Gearboxes
MdM Mecatronics
Tecnogear
Kumera Drives
GKN Driveline

(France)

(Germany)
(Germany)
(Germany)
(Germany)
(Germany
(Germany)
(Germany)
(Germany)
(Germany)
(Germany)
(Germany)
(Germany)
(Germany)
(Germany)
(Austria)

(Italy)
(Italy)
(Italy)
(Italy)

(Italy)
(Finland)

(Sweden)
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USA:

India:

EMCO Gears

Dynamic Engineering
Rexnord Geared Products
GMT Gears

DTD Precision

Perry Technology Corp
Afton Chemical

Bevel Gears India
Shivam Autotech
Eppinger Tools
Bharat Forge Limited

Israel:

Precision Products

Japan:

Takeda Trade Co.

Canada:

Usimax Inc




HyGEARS currently defined CnC machines

DEPO

DMC 65H DuoBlock
DMC 125FD

DMF 260 HT-C

DMG CTXBeta-1250TC
DMG CTXBeta-2000TC
DMG CTXBeta-3000TC
DMG 65 - 840D

DMG 65 MonoBlock
DMG MORI NTX 2500
DMNM 200 (Doosan)
DMU 65 - 340D

DMU 50

DMU 100 MonoBlock
DMU 125P

EMCO Hyperturn 85
Fanuc Robodrill T21
Fanuc V-8D

Fryer TR-60

GroB 350

Haas Horizon

Haas Multigrind CB
Haas VF3

Heller MC 16

Hermle C22U

Hermle C30U

Hermle CA0U [Siemens]
Index G220

Juaristi TXH3K-MGX12
Kitamura Mytrunnion 5
MAG NBV700

Makino DA300
Makino P535

Matec 30-HV

Maxima 1600 [Breton]
Mazak IG e-500H

Mazak Integrex i-5005
Mazak Integrex i200
Mazak Integrex i2005T
Mazak Variaxis j500

Mazak Variaxis 630-5X 11 T
Mazak Integrex I-630V/65 AG

Mikron GF

Mitsul HUB3A-5X
Moaori NT3100-BC
Mori NT4200

Mori NT4250 / C1
Multus B400D

MM 3000-AC
Okuma MU-300VA
Okuma MU 4000V
Okuma MU 5000V
Okuma MU 6300V
PAMA SPEEDRAM 2000
Phoenix 175-HC
Phoenix 250-HC
Phoenix 250-HC [TGSN]
Rafaello R5A.6
Reiden BFR22
Schneeberger NGM
SMX26005 (Doosan)
Spinner Us 1530
Ultrix [Breton]

Machines are easily added if the
requested one is not already in the

list.

Besides, an existing machine may
be modified to suit a specific user’s

nee

ds and then a machine variant is

created with a different name.

The supported controllers are:

Fanuc
Okuma
Siemens
Heindehein
Mazak
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Short HyGEARS history — the Early Days

1983-1985: Master’s Thesis — Development of a 3D CAD package to
analyze spiral-bevel gears

1985-1987: PhD Thesis — Optimization of the kinematics of spiral-

bevel gears !| ’ —

1989: DEC VAX-Station Version /\
1991: I Windows 3.1 Version (VB3 + Fortran)

1992: LTCA — Loaded Tooth Contact Analysis

1993: 1t Meeting with Yutaka Seimitsu, Japan; Calibration on

Yutaka and Gleason machines
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1994:
1995:
1996:
1997:
1999:
2000:
2003:
2006:
2007:

2010:
2011:

2012:

2021:

Short HyGEARS history — Coming of Age

15t order Corrective machine settings; JIMTOF

HyGEARS V 1.0 Single precision

Reverse Engineering
27d and 2"+ order Corrective Machine Settings

HyGEARS V 2.0 Single+double precision

Contact Elements, Grid output, Spur/Helical, ...
Face Hobbing Simulation
Lapping Simulation and Prediction

HyGEARS V 2.5

Net-shape Straight Bevel Gears
HyGEARS V 3.0 Coniflex

Universal 5 Axis CnC Interface

HyGEARS V 4.0 Double precision
VS 2010+ .NET 4.0
~390,000 lines of code

HyGEARS V 5.0 64 Bits; GPU 3D graphics
VS 2019 + .NET 4.7

8
178
83
1] -
al = _'IJ
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Vector Simulation — A Short Primer

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.

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

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

kI
\lﬂﬂm center to back |

kY

3: A Digital machine is
created from the Vector Model

4: A Digital gear set is created
with the Digital machine.
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HyGEARS Vector Model

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

and translations to the cutter definition.

Point on tooth flank:

1

D=0

0 0 Scos(g)

cos(ac) sin(oc) || 0

0 —sin( o) cos(ac) || (R = Ssin(g))

X =D [7]° [k]" [Radial] [L,]°[Dist] [y;n]?[65]°

Normal vector on tooth flank:

1 0 0 sin( &)

N=l0 cos(oc)sm(ac) || 0

0 —sin(arc) cos(ac) || F cos(d)

N,

N [2]° [k]* [L1]° [yi]?(63]°

Crdle
roLTEen

| Machine rootangie I” |

Z

w | Machine center to back |
k]
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HyGEARS Vector Model

Higher order changes can be superimposed to the tool and work piece movements
in order to achieve specific kinematic behavior.

Higher order cutting changes:

*  Modified Roll

L1m= (IBRT“+ 2_5 (C'r'_ (IBRTJE_ ? (C'r_ 3 R'r)3+ % (C'r'_
a3 Rr]4 - % (C*r — a3 RTJS + % (C*r — a3 Rrjﬁ
where: L. modified cradle angle
Oy work piece roll angle
R.: ratio of roll, cradle to work piece
C. cradle ref. position
2C: 2"d Order parameter (Gleason notation)
6D: 3™ Order parameter (Gleason notation)
24E: 4t Order parameter (Gleason notation)
120F: 5% Order parameter (Gleason notation)
720G: 6" Order parameter (Gleason notation)
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HyGEARS Vector Model

Higher order cutting changes:

Helical Motion

Xom = Xp + 15 (G, — a3 R)™ + 2,4 (G, — a3 R)? + 3,4 (G, —
az R.)? + 44, (G — azR)* +545 (G — azRy)® + 64 (Cr— a3 R,

where:

Xom:

m-

6

modified sliding base

work piece roll angle

ratio of roll, cradle to work piece
cradle ref. position

15t Order parameter

2"d Order parameter

3™ Order parameter

4t Order parameter

5% Order parameter

6" Order parameter
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HyGEARS Vector Model — Face Milling and Face Hobbing

Simulation of Face Milling and Face Hobbing processes supported for Spiral Bevel gears.

ground circle

]

Face Milling (single indexing) | | Face Hobbing (continuous indexing) |
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Tooth Contact Analysis (TCA)

The basis of all kinematics in HyGEARS i1s the Tooth Contact Analysis, or TCA, whereby the
location of the Path of Contact is calculated, red line - left figure below, which leads to the
Contact Pattern, blue patch - right figure below.

The location and dimensions of the Contact Pattern can be viewed in several ways, and may be
optimized according to the user’s wishes using the Contact Pattern Development functions.

(“CPat” function button)

Path of Contact - Gear test3-C220A.dat [Convex-1B] Bearing Pattern - Gear test3-C220A.dat [Convex-IB]
[Limi] [NoEr] [PoC-Sep] [Finishing] E=0.000 P=0.000 [Limi] [NoEr] [PoC-NoSep] [Finishing] E=0.000
5=0.000 [in] B:0.012 [in] P=0.000 &=0.000 [in] B:0.013 [in]
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The Ease

Surface

The Ease Off Surface represents tooth to tooth separation as meshing proceeds.

It can be seen as a measure of the discrepancy in conjugacy between 2 meshing surfaces.

<

Il

<

Ease Off Surface - Pinion Test-1-Ext hyg [Left] [MoEr] [PoC-MoSep]
[Finishing] mc=1.40 B:0.133 [mm]/0.124 [deg.]

Ease Off Surface - Pinion Test-1-Ext hyg [Left] [MoEr] [PoC-MoSep]
[Finishing] mc=1.40 B:0.133 [mm]/0.124 [deg.]

Ease Off Surface - Pinion Test-1-Ext hyg [Left] [MoEr] [PoC-MoSep]
[Finishing] mc=1.40 B:0.133 [mm]/0.124 [deg.]

1) Spur gear pair — basic

2) + crowning

3) + profile modification
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The Ease Off Surface / 2

1. The Ease Off is displayed in ref. to the Pinion tooth:

The displayed elements are:

Ease Off surface - Pinion Dermoldd1-Corr Hy G [Concave-OB] [Limi] [MoEr]
[Poc-Mosep] [Finishing] P. [Mominal] mec=2.81 E=0.00 P=0.00 G=0.00 [mm]
B:0.045 [rm]/0.040 [deg.]

— Contact Separation Axis

— Face Width Axis

— Radial Axis

— FEase Off surface, or discrepancy in conjugacy
— Path of Contact (PoC — red line)

— Contact Pattern (Blue patch)

— Edge values (0.11, 0.07, etc.)
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The Ease Off Surface / 3

2. The pinion and gear tooth surfaces are digitized, 1.e. the implicit surface equations are
solved; therefore, on each tooth several points are known by:

Surface parameters ac, S, a3

ac: cutter blade angular position
S: position of a cutter blade to work contact point

a3: work piece roll angle

Coordinates X, Y, Z

Normal vector Nx, Ny, Nz

TopView

Cuttar Blada

Tooth Marmal - Pinion Test-3-Spiral-Bevel.dat
[Convex-1B] [Finishing]
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The Ease Off Surface / 4

3. Contact points are calculated at each tooth flank coordinate;

— A contact point is obtained when:
* The pinion and gear Coordinates are equal in a common ref. frame;

* The pinion and gear Normal are equal and opposed in a common ref. frame;

—  The following are obtained at each contact point,
e coordinates,
*  normal components,
*  tooth surface parameters (oc, S, a3) and
*  tooth rotation (03, ¢3);
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The Ease Off Surface / 5

An image of the Ease Off or tooth to tooth meshing separation is obtained by scanning the
pinion and gear teeth for contact points;

Using 1 ref. point, tooth separation is calculated as function of the T.E. multiplied by the
contact radius on the gear at each contact point;

T.E. is defined as : 5@53 :¢3 —93 mg

where: 0¢;:  T.E.

d5: angular position of the Gear
0;: angular position of the Pinion
m,: gear ratio

Demol441.dat - Pinion [Finishing] [Nominal€oncave-0B Gear [Finishing]
[Mominal] [PoC-NoSep] me=3.49 E=0.00 P#0.00 G=0.00 [mm] B:0.092 [mm)] @

TR
S AVAN
I

-840

N

-1120

-1400 1 1 1 1 1 1
2 131 161
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TCA and Transmission Error

Motion Carrving Part

43

Tooth -1 T ooth 0 —\T ooth =1
0 ¥ ]
|

| 1Pitch T ransfer Points
B —
1Mash
Tooth Contact Entry — +— T ooth Contact E xit
Sp,=¢,—0, m, 0, is the gear angular position error,

or Transmission Error (TE) value

05 is the gear calculated angular
position error

is the gear theoretical angular

position, equal to the product of
the pinion angular position times
the speed ratio.
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Edge Contact
(gear tip)

Path of Contact

Contact Lines

)
1 B Al
f i,
> | oo 5l
=
T

Profile Contact

Edge Contact
(pinion tip)

TCA and Transmission Error / 2

Spiral-bevel gears

P

Path of Contact

Profile Contact

Path of Contact

Contact Lines

3

Contact Lines

Straight bevel gears

Spur / Helical gears
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TCA and Transmission Error/ 3

Truncated
Contact Areas

Contact Area
Edge

Theoretical
Contact Points

Tip Edge Contact: to be avoided
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Contact Area
Edge

TCA and Transmission Error / 4

Truncated
Contact Area

Theoretical
Contact Points

Tip Edge Contact: to be avoided
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TCA and Transmission Error / 5: Center CP

Motion Carryving Part

5

| Tooth 1 Tooth0 —, Tooth<1
D \ \ _\
I i

Transnmssion
Error Slope @
Mean Point
| 1 Pitch Transfer Poins
8B —
1 Meash

T ooth Contact E niry ./ \—Tmhcummhn ‘

Motion Carryving Part

Heel

3
Tooth -1 Tooth 0 —\I ooth +1
] %
| -
Iy{/1 < | Y \

Tuu& omtact E ntr;;zLui 1.— j@,}[h cunﬂ“]g':y

sf :f -

; 4 Transfer Points
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TCA and Transmission Error / 6: High CP

Motion Carrving Part
43
/— Tooth-1 Tuulhl} Tooth+1
]
II_'__{“mI “\
Trami.asinn
| I rrar Slope @
Mean Pomt
1 Pitch Transfer Points '
8B —
| 1Mesh
f |
Tooth Contact Entry ./ \—Tmh Contact Exit _’Q
Motion Carrving Part
Heel
o3
/— Tooth -1 /— Tooth O Tooth+1
]

| T

'\\_S o

tep
N ™
= T oo \Cunta:t[:l:i‘t\.‘

. L3
Transfer Points

T ooth Contact Entry —sf
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TCA and Transmission Error / 7: Low CP

Motion Carrving Part

543
1 Tooth -1 Tooth 0 Tooth +1
N _\ _\ _\
i :Ii _____________________ ; Transmission
: ' Error Sope @
: : Mean Point
i Transfer Points i
1 ’; :
1 Pitch :
! 63 —
1

1 Mesh

Tooth Contact Entry / \~ Tooth Contact Exit

Motion Carrying Part

Tooih -1 —Qﬂ-ﬂl 0 Tooth+1
0

s

* Tooth Cunté Entry —

Heel

+— Tooth Contact E xit

= -
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TCA and Transmission Error / 8: Center CP

Start of Contact

&p3[uRad]
0=

-360

=760 o T

Heel

-1140 —

-1520 — {

-1900

End of Contact

Start of Contact
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TCA and Transmission Error / 9: High CP

&p3[uRad]
0=

-2700

Ampl: G44.6

Start of Contact

Start of Contact

Heel

End of Contact
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Start of Contact

TCA and Transmission Error / 10: Low CP

Heel

&p3[uRad]
0= _...\-..
560
1120 —
1680 —
2240 —
Ampl: 22872
2500 L L !
-59.8 47.8 747
Start of Contact End of Contact
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LTCA and Transmission Error: Shift in TE curve

Complete
Contact Areas

Tooth -1 —\ Tooth 0 \Toom +1 —\

Truncated
Contact Areas

Truncated
Contact Areas 0
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LTCA and Transmission Error: Shift in TE curve

3p3L[uRad]3p3[uRad]

0 -

-380 o

=760 o

-1140 —

-1520 -

-1140

-1520

-1900 -

-1800

a

-380

=760

Complete
Contact Areas _\

1438

1348
1259
1169

1079

270

B3L[ uRad]D\bS[uRad

o

-400

-B00 o

-1200 o

-1600 —

-2000 -

-1200

-1600

-2000

Truncated
Contact Areas

-400

-&00

-59.4

Truncated
Contact Areas
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Contact Pattern: Examples

Hypoid gear

Worm gear

FS A‘ , \

Face gear
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Example: Contact Patterns of an Existing Gear Set

=3

Tooth Pair Measured Simulated 1 Simulated 2 Simulated 3
(R.E.) (R.E. + ErrS) (R.E. + ErrS + Diff.)

P01-GO1

P01-G19

P01-G33

P04-G01

P04-G19

P04-G33

-—
-
—
E =
—
-
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EPG, Alignment. Shaft Angle Errors

In TCA and LTCA, HyGEARS can account for positional errors in three directions: pinion
Offset “E”, pinion MD “P” and gear MD “G”. Additionally, pinion and gear Radial may be
used directly.

This feature is available for all HyGEARS supported gear types.

Alignment, shaft angle error, and gear eccentricity can also be introduced to predict the
behavior under load or in an actual gearbox.

The effects on TE, Contact Pattern and Load Sharing, may be investigated using the convenient
V-H Settings Editor .

Pinion
Run out | -

'1.;" V-H Settings - [mm] - Hypoid Demol441-Corr.... @ﬁ
E-PG |Nignment I Runout | Links | » / ,/fl Radial

E: (Pinion Offset) 0.0000

P: (Pinion Adal) 0.0000 Pinion Radial 0.0000

G: (Gear Adal) 0.0000 Gear Radial  0.0000

(e ) (e ][ ox ] (coen G
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Numerical Contact Pattern Development

To develop a Contact Pattern, HyGEARS offers
sophisticated functions where the location and bias
of the Contact Pattern can be specified.

The amplitude of the TE curve can also be
modified to accommodate specific operating
conditions.

Contact Pattern Development can be done on
* Fixed Setting spiral-bevel gears,
* Modified Roll spiral-bevel gears,
* Duplex Helical spiral-bevel gears,
« SimplexT spiral-bevel gears,
* Cyclo-Palloid spiral-bevel gears,
» Face Hobbed spiral-bevel gears,
» Straight bevel gears,
* Coniflex bevel gears

ﬁ." B.Pattern Development - Gear Convex-IB @
BP Definition | D-MSett fmm] | LTCA | E/F | Prop. | Links |
Mean Point / Convex-IB Mean Point / Concave-0B
Horzontal Position  47.0 = Horizontal Posttion 487 %
Vertical Position 50.0 % Vertical Position 50.0 %
PoC Bias / Convex-IB PoC Bias / Concave-OB
) Free ) Free
@ Fed 54 deg @ Fixed 290 deg
TE TE
@ Free @ Free
) Fxed |44 [uRad ) Fed  [30 [uRad
[T Curvature
Backlash
" Free
@ Fed 0049 [mm]
Apply | Reset || Pt || oK || Cancel |
Mean Point
*~ Horizontal Position
Pol Bias (=) —'
Pol
Mean ot . Bearing Pattern
Vertical Position 04 Surface Cover
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Numerical Contact Pattern Development

Contact Pattern development is done in several steps:

—  The Ease Off surface is modified through changes in Pinion machine settings;

—  The Gear member is either conjugate to the Generating Gear, for a generated gear set, or is the
Generating Gear for a non generated gear set; changes to the Ease Off come from the Pinion;

— Inpractice, the R.E. algorithm is applied using deviations in ref. to the current pinion surface, which
are reflected in the Ease Off;

—  CP is centered where requested by the user;
—  Bias is modified until user request is reached;

—  Bias is calculated between the 15t and last points of the PoC along the profile;

_ Tooth Height
PoC Bias {—}(\ @ mid-PoC |

Heel

—  No undercutting check;
—  Tooth depth is maintained at mid-face width;

© Involute Simulation Softwares Inc. 2021




Numerical Contact Pattern Development

Helixform Gear Set

Mean Point

-160.04
-240.04

-320.0

-400.0

Mean Point

500 760 1nz20 1280 1540 1800

0; >

33 [

00

Mean Point

-B0.0
-160.04
-240.0

3200

50.0 760 120 1280 1540 1800

03 >

Mean Point

-160.0-

-240.0+

-320.04

-400.0]

50.0 760 1020 1280 1540 1800

0; >
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Numerical Contact Pattern Development

Modified Roll Gear Set

Mean Point

-80.0
-160.04
-240.04

-320.0

-400.0

71 Mean Point

130.0 2380 2860 3340 3820 430.0

0; >

Mean Point

303 1

0.0

-B0.04

16004 -

-240.0

-320.04

-400.0

71 Mean Point

1900 2380 286.0 3340 ag20 4300

03 >

Mean Point

33 1
i

-Bﬂy
-160.0+

-240.0+

-320.04

-400.0

1 Mean Point

T T T T T T T T T i
1500 23580 286.0 3340 3820 4300

0; >
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Numerical Contact Pattern Development

Straight Bevel Gear Set

Ma[ur:]ad]
N ,,
AWAW
/ \.\ “.“"‘
." ‘\ ‘.‘
e" \\ / \
11111 “\
T
,,,,, /\‘ \
-325 57 s [0],
343[uRad]
INAWAWA
[\
/ \\ .“"‘
| \
L | / \ Ampl: 13
L
- e - 12 473
593[uRad]
//' \\ / \
/ \ /
/ \
\ / \ 5
Heel | { .\ Ampl: 13
nnnnn -5.4 o Fl 48.1 748
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Numerical Contact Pattern Development

Optimization for Gear Noise

Change in CP bias and TE shape/amplitude

22 B [mm] #413. 78[rnm]

21, 32 [mm] s #10.60[mm)]

25,97 [mm] =12 04{mm]

-300.0

128.8

233.4 2783 32

#3[] -

1E5.7 2026

-300.0
128.8

2334 276.3 niz

#3[] -

165.7 2026

-300.0
128.8

239.4 276.3 3132

#3[] -

165.7 2026

High CP/TE=20 arc-sec

Mid CP/TE=0 arc-sec

Low CP/TE=20 arc-sec
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Zerol, Spiral-Bevel, Hypoid Cutting Processes

HyGEARS supports most popular cutting

Processces, such as :

* Fixed Setting ®

* Modified Roll ®
* Duplex Helical ®
* Spread Blade ®

* Semi-Completing
* Formate ®

* Helixform ®

* Face Hobbing

* Cyclo-Palloid

® The Gleason Works, Rochester, N.Y.

+ SimplexT
(Involute Inc.)

— —
Pinion [Spiral-Bevel] [Finishing][Nominal] Test-3-5piral-Bevel.dat - [mm] [dd... Mm

Blank ] Cutter l TopRem Machine ]Other l OpevEﬂingl Hjm—l't"laterial] Bearings] Links l
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fzosie
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CESra
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-

- ™
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Blank ] Cutter ] TopRem Machine lOther l 0pe|atingl ij—l't"laterial] Bearingsl Links ]
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Cutter Tilt
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— ——— |
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DH vs SimplexT Spiral-Bevel Gears

Duplex Helical: Tilted spread blade pinion cutter

Tilted spread blade gear cutter
Helical motion

Different pinion and gear cutters

HyGEARS V4.0 @ - CAHYGEARS40Data'\Test-3-5piral-Bevel.hyg [v4.0.405.00-0]
Fle Edit Graphics Misc  Window  Display Page  Help
Pin QA A a2 s | L REE ae UmLTCAGmnyLmsmkcmch_Rﬁhmm
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ﬁ" E.Pattern Development Pinien - Gear [Convex-IB] @ ,,;‘ Full Model - Pinion&Gear [Convex-1B] | 22
V-H B.Pattern DeveloprientPinion- Gear[Convex-IB] [NoEr] [Finishing] rc=2.50 E=0.00 P=0.00 G=0.00 [rnrm] o
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E/P
Cwx
Anim
+- Heel Heel
o G [ 1B G [ OB
ear Corvex- ear Concave-
BPat
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Opt
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NoDi Y
mm
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¥
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Thick el L
L B — v
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Summ Clearances [mm]
GSum 3¢8[uRad] ¢8[uRad] P. Tos: 0.2965
= = = — u] — - - — P. Heel: 0.2979
i 1 N i 4 ™ G. Toe: 0.3029
_aan / Ampl Fb\ N 150 / m DIE\ ) G Heal 03047
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‘ ? 5 -g80 | / :i-'/ \ 'I =) f / :n:' \ ‘.“
ki - { n | = ! A
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IMZ MUK [ CAPZ10:54 AM 376720
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SimplexT:

DH vs SimplexT Spiral-Bevel Gears

Tilted spread blade pinion cutter

Non-tilted spread blade gear cutter

No helical motion

Identical pinion and gear cutters

HyGEARS V4.0 @ - CAHYGEARS40Data'\Test-4-5piral-Bevel.hyg [v4.0.405.00-0] &l
Fle  Edit Graphics Misc  Window  Display Page  Help
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ﬁ" Bearing Pattern - Gear [Concave-OE] @ ,,;‘ Full Model - Pinion&Gear [Convex-1B] =
V-H Bearing Pattern - Gear [Concave-0B] [MoEr] [Finishing] mc=252 E=0.00 P=0.00 G=0.00[rnrn] B:0.055 o
[mrm]f0.115 [deg]
E/P
Cwx
s . <
Anim
i Heel Heel
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BPat
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¥
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Zerol, Spiral-Bevel, Hypoid Cutting Machines

HyGEARS supports most popular cutting machines:

Gleason: TA
16

26
Cutting Machine 175B Pinion [Finishing]
1 02, 1 06, 108 8.6-11x41LappingModel.dat - Concave-OB

116,118, 122
606, 607

613, 631, 641

645, 650, 655, 675
Phoenix (i.e. 175)
Basic (YH 603)

A Machine Converter, included in the Geometry

Summary Editor, allows machine conversion.

Klingelnberg:  Neutral

5Ax1s CNC machines:
(‘AC’S, “BC”, C‘BA)’ Types
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Spur/Helical Cutting Processes

For Spur and Helical gears, HyGEARS supports
Rack and Shaping tools and movements.

Profile modifications may be introduced, up to
the 4th order, as well as crowning.

Modules down to 0.1 [mm] and as large as 30
[mm] are easily accommodated by HyGEARS.

Cutting Machine Pinion [Finishing] - Left
e

A

Cutter Blade - Finion 29x44-WithFroftdodif. dat [Left]
[Finishing]

\ 3,053
7

il

EI.EEIE[mmT

4131 ]

(. 50E[rnrm]

1,856 ]
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Straight Bevel Cutting Processes

Straight Bevel gears are traditionally cut on a 2-tool generator. In HyGEARS, with or without
lengthwise crowning, these are referred to as Straight Bevel gears to distinguish with Coniflex.

HyGEARS supports:

» Tooth shape for gear box differentials: 2-tool generator type machine; straight edge blade; +
M.Roll; often aimed to forging.

Bearing Pattern - Gear [Left] [NoEr] [Finishing] me=1.17 E=0.00 P=0.00 G=0.00 [mm] B:0.148 [mm]/0.276 [degz.]

« Standard tooth shape: 2-tool generator type machine; straight edge blade; M.Roll can be
used on CnC machines.

» Both variants can be cut on CnC machines using; CoSIMT, Ball-Mill and End-Mill tools.

Cutting Machine Pinion [Finishing][Mominal] Test-1-Straight Bevel.dat - Right Cutting Machine Pinion [Finishing][Nominal] Test-1-Straight Bevel.dat - Right

D VW

I —— A e
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Coniflex Straight Bevel

In HyGEARS, Coniflex® refers to the cutting process using a dish-type face mill cutter.

Gleason machines 102, 104, 114 and 134 are supported in native mode. Coniflex® gears can
also be cut on 5Axis CnC machines where each side of a tooth is generated using the same
cutter on opposite sides of the work piece.

. S
, —

Gleason Coniflex Generator 5Axis CnC Machine

q
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Fixed Setting Hypoid Pinion

Face Hobbed Gear Set

Duplex Helical Hypoid Pinion

Full Model - Finion& Gear
FH203A-Developed-REHard.dat [Conwvex-IB]
Finishing] B:0.004 [in

© Involute Simulation Softwares Inc. 2021




Straight Bevel Gears

Worm Gears

D
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Face Gears
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Splines/Internal Gears

Helical Gears

© Involute Simulation Softwares Inc. 2021




Beveloid Gears Worm & Helical Gears
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Spurniflex Gears

Spurved Gears

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

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

g 0.0/R° 0.00/X -513996 /¥ -46.0000/Z 5733747 /A" -90.0000 /C: 357 5001 ]
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Spiral Face Clutch

Hirth Coupling
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Coniflex Bevel Gears Cogged Teeth Coupling
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Curvic Coupling

Bearing Pattern - Gear [Convesx-1B] [MoEr] [Finishing] me=0.00 E=0.00 P=0.00 G=0.00 [rnrm] B:0.010 [mm]0.001 [deg.] ‘

- E2 —

Heel Heel

Gear Canvex-1B Gear Concave-OB

i,

-
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Software Calibration

HyGEARS was calibrated against Gleason’s and KIMoS
TCA (CP and TE), CMM control, Corrective Machine
Settings, LTCA Contact Stresses, etc.

1993: Machine Calibration (Gleason and Yutaka machines)

1994: Corrective M/C (Closed Loop vs Gleason’s GAGE)

1996: Experimental TE

1997: Experimental LTCA

1998: Fillet Stress (against FEA)

2001: Contact Stress (against Gleason’s LTCA)

2004: Bending and Contact Stress — Face Hobbing —
(against Gleason’s LTCA)

2006: Lapping Prediction (with AAM)

Consistently equivalent results are obtained.

s maunney
Y W W

-0.0007 CDnvE;—TEI

Finian [Finishing] c256.datTh.Err0.8663 [Meas. Surface :
c2hb_pteoil]

0.0000 Convex-IB 0.0005

AR NN N
RN N N N N N
NN NN N N S N

AN N N N N NN

Top

0.0a02
n.0o0ze

77777777
CH AL LT 777

-0.0029 Concave-OB 0.0005

Gear [Finishing] c2bb.datTh.Err-0.0639 [Meas Surface
c2hb_oteoil]
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Software Calibration

13x24 Face Milled Spiral Bevel gear set

Drive Side Coast Side

Gleason /
= =

Heel

Heel

© Involute Simulation Softwares Inc. 2021




HyGEARS vs. Gleason Nominal 0.0001 Concave-08

Software Calibration

8x39 Face Milled Spiral Bevel gear set

87

N\
NN

— NN

AN

Y

O mm]

— Toe \ \

-0.0002

Ti
(mml 00002 o8

-0.0001
0.0000

/

/

[ [/

-0.0001 Convex-|B

T odozz

Pinion [Finishing] [Nominal] [Meas.Surface : spirrhpingengrindcurvedp teaf1)]

HYGEARS vs. KIMOS Nominal 00000 Concave-0B

Toe

ﬁ%
=

|==:

[mm]
Heal

Convex-1B

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

8x39 Face Milled Hypoid gear set

Concave-0B 0.0001

ogpe— ;
Ve Y N N .
AT W R T N W W

HyGEARS vs. Gleason - Pinion L ps Yor 0.0001

I 17
Conver-TB

Pinion [Finishing] [Nominal] [Meas.Surface : hyplhpinformgrindp.teo/1]

0.0001 Convex-1B 00000

AN |
S
NN A\

Ls N 'l 3
Toe 0 0.0000

HyGEARS vs. Gleason - Gear o) ogeqy TP 0.0000
ey /]
—4y 4 S S S S ST

;AL S
ey

o.déaT

Cancave-0B 0.0000

Gear [Finishing] [Nominal] [Meas.Surface : hyplhpinformgrindg.teo/1] |
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L2 e 00001
TR i s e P L S L WY % 8% %
e COCTET
5% Y T \
3, \ AN \ \ \ Y 5
RN BN N NN \ \ \ \
5, \ 555 % % N i Y
N Y \ \ \ \ \ \ \ \ \ i \\ 5, j\\
.. Toe P e B 50001
HyGEARS vs. Gleason - Pinion fmen Top

HyGEARS vs. Gleason - Gear

Software Calibration

8x39 Face Hobbed Hypoid gear set

-0.

7 7 7 ffff’f
.’f‘f‘/!/!/!!r’/ FAV AT,
!/;’;’////i![./_/'_/////f

y £ i i ;4 7 47
/?'”f ;ﬁ’,\f‘ 5” Fi Ili!!!_a’
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I e = == fghoa

Pinion [Finishing] [Nominal] [Meas Surface : fhhyplhpinformp teo/1]

a. Convex-1B 0.0005
e R W
R R e . . W W N PEBLYERY
WMM—\ iy R W
R i P SN Y
R — ju——\.—i_\ 5, \ N8 % 5%
L u\—"\—i— KN RSN W W W Y
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Gear [Finishing] [Naminal] [Meas.5urface : fhhyplhpinformg.teo/1]
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Software Calibration

12x41 Face Hobbed Hypoid gear set
Gear Convex Gear Concave

L N Gleason - .

Heel Heel
G 3[ub ad aifa[ub ad

#uiad] #lufadl

180,04 -180.0 4

-360.0 -360.0
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HyGEARS Windows: the Parent Window

/_ | Main Menu | /_ | Child Window Title |
& HyGEARSY 5.0 [C) - EAVE\EWS Too.15x30-SpiralSC\G530-15-D01.hyg [v:5.0.500.10-464 - ®

Fie Edt  Graphes  Misc Ditplay Page  Hel

o8 Contact Pattem - Gear G530-15-001 hyg [Concave-OE]

Corkact Patbern - Gear GEI0-15-001 kyg |Concave-0B8] [Limi] [HaEr| |Poc—hln$tp] [Finishing]
mc=2.47 E=0.00 P=0.00 G=0.00 [mm] B20.120 [mm],/0.234 |

Heel Heel

Full Moded - F'hmGSN—ﬁ-—WI IrnKmﬁ] [anl'mglﬂ'ﬁ 120
Immb0.234 [deg ]

Gear Convex-1B Gear Concave-0B

— — inal]

[Foc-Nosep] me=2 47 E=0.00 F=0.00 G=0.00 [mm] &:0.120 [rmm]i0. 233 [deg | |

3 uhad)
0

e

Child Window

. Contact Patiem - Gear GS30-15-001 hyg [Concave-0g

\_
[Child Window 1D Tme/oae |—
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Parent Window Menu

Hle Edit Graphics Misc. Window Dizplay Page Help
Open Pinion Pinion Pinion Cascade User Defined About HyGEARS
Save Gear Gear Gear Tile EPF TCA HyGEAFES Help
Save As Number Points | Pinion and Gear Pinion and Gear | Template » COpen | BFLTCA
New Geometry Alignment Reference Frames Save | Tooth Geometry
Input Existing Sunmm. | Configuration Cloze Stock Distnibution
Exit Feset Comr Hist Numn. Eesults Close All CMM Norminal
Feset BPatHist | Tooth—M/C » Tooth Action Trace Child Windows » =1 Comection—-RE.
1 Fle x Begistration Elank £2 Cutting Machine
2 Fley Cutter Blade =3
3 Flez Dia. Over Ball =4
4 Caliper Meas.
3 Full Model
6 Cutting Machine
g Einematics > Path of Contact

Measurement »

2D Graph
TE-Peak to Valley

Beanng Pattem

E. Pattem (LTCA)
BF Development
Shding Speeds
Ease Off

Measured Surfaces
Tooth Emors

Comp. Mes-Sim Surf
Stock Distribution
Comective MC Sett
Eeverse Engineering.
CMM Nominal Data

FEA Model
Finite Strips
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HyGEARS Display Modes

HyGEARS can display results in 1 of 2 modes:
» User Defined: user decides what Child window is to be displayed, and where;

* Pre-defined: 9 displays allow the user to access the most current functions

- TCA

- LTCA

*  Geometry

* Loads (Radial, Axial, Transverse)

* Stock (Spiral bevel gears; Distribution)

* Modifications (Spur/Helical gears; Profile, Crowning)
- CMM (Target file)

* Corr-RE (Closed Loop; Reverse Engineering)

e Machine (5Axis CnC)
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Display Modes: 3D Child Windows

«" Tooth - Pinion&Gear Demaol441.dat [Concave-... [weam|

Tooth - Pinion&Gear Demal441.dat [Concave-0B]
[Finishing]

Tooth,

Blank Contour,
Diameter over Balls,
Caliper Measurement,
Full Model,

Cutting Machine,
Path of Contact,
Contact Pattern,
Ease Off,

FEA Model,

Finite Strips,
Measured Surfaces,
CMM Nominal Data
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Display Modes: 2D Child Windows

m"‘ Graphic Results - Demol441.dat \EI

Demol441.dat - Pinion [Finishing] [Nominal]
Concave-0B Gear [Finishing] [Nominal] [PoC-NoSep]
mc=3.49 E=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm] ...

(N 503[uRad] - ;Fjooth EI.'I‘OI'S (;hli/([:kness 3nd ]Zitch),
13000 1 0 - omparison of Measured an
104{:{:: -230_ /J W:EM[ Simurl)ated Surfaces,
N . / } A )\ A )\ \ \ - Corrective Machine Settings,

] ] / f / r /U]( 1 \ 1 - Reverse Engineering,

22007 8407 [ [\ [\ \ - Cutter Blade,
IE{J{J: -1120_ I f f \ \ - 2D Graphs

o- -1gppt——1 b lalono

14 43 72 102 131 151
03 7] >
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Summary

Actions

Output Units

|

|

Display Modes: TCA

/_ |1. Contact Patterns | \ / | Quick access tool bar |
&5 HyGEARS V 5.0 (C) - EAVE\Neugart\26x26-Spiral2038- Tighiral-n26x26x 2038- 0 hyg [v:5.0.500.10-263) - ®
Fle Edt G Misc  Window  Display Page [/ Helo
B l:!'%?-k: 23 @ VA Y=N:R=E"1 UwEILmMM fock MM ComRE Machine Mesh'“gpa” N
Gea
Contac Partem - Gear[Enn\jéHm[NnEr][NnSep]|F|nlsh|ng|mc=2 53 E=0 00 P=0.00 Gﬂuﬂqmmganms [P /0164 [deg. ]
VH J L
E/P -
Cvx _--"""—--
f#ifs
ok T — — — —
+f- Heel Heel
Gid
Gear Concave-0B Gear Convex-|B
BPat
L [ | 2.Ease OFf |
NoEr
=
MoRs d oog
MoDi
Opp
mm
DMS EE]
uRad
[
Thick P— Root Clearances Ii
#45(uRad] §45[uRad] F. Toe: 0.8602
o L] B Heel: 08452
Tea p G. Toe: 05542
SumX 720 500 y G. Heel 05745
Summ |
- 1440 ¥ -1000 T
150 260 \ 1500 I." \
] |
2860 -2000 rl I|
3500 . L | 3500 P | J
338 525 a0 411 45 a5
9/26/2021 B:54:24 PM
— —
3. Transmission Error | |5. Path of Contact
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|

Output Units Actions Summary

Display Modes: LTCA

/’——— ll Contact Patterns |—__\

& HyGEARS V 5.0 (C) - EAVE\Neugart\ 26 26- Spiral2038- 14spiral-n2fx 26203801 hyg [v:5.0.500.10-463) — *

File  Edt | Graphics | Misse Display Page  Helo

Fin = .l DR :-;}-é'\EE% mamwms:mmcmmum

Contadt Pattern LTCA - Gear{l:onl:a\ue-l:la $0EI| [MoSep] [Finisfing) mol=154 £=0,00 P=000 G=0 ) e:0.085 Contact Pamem LTCA- Gaar [Corkex-|B] [NoEr] [NoSep] [Finishing) mel=158 E=0.00 P=0.00 G=0.00 [mm] B10.055

[mimn]/0.164 [deg.] - 42.00 [W-m]|Roark e sf nghowse] - Hertz Stress [Vipa) [ ] /A0 164 [dag ] - 42.00 | N-m]|RoarkA%e stinghouse] - Hertz Stress [Mpa)
¥H - 1304
E/P Quick access tool bar | 1601
Load 1466
= -
Grid e
XYZ r—
NoEr '
Opt
mn 54
DMS HeeRS51
Rad \ b
- 225
S Color Scale for T3
Contact Stress o

Outp
SumX ot|Mpa)g@ L uRad])EsE | uRad] ot[Mpa]igELl[uRad]ss[uRad]

1900 — 0 - 0 — 1500 — 0 — 0 -
Summ
GSum n 7 7 7 7 7
150 1520 4 -7H 4 -7H0 1520 4 500 —  -500

1140 «  -L440 — -1440 — 1140 < -1000 — -1000 —

760 — 2160 — -Z160 — 760 = <1500 — -1500 —

380 4 -2680 — -840 — 360 —  -2000 — -2000 —

1 J o -2s00 2 2500 |

0 3600 - 3500 !

S/26/2021 5:11:16 PM

| —
2. Transmission Error
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1nion

P

Gear

Display Modes: Geometry

\ |1 Pinion teeth + Topland / Slot dims. |

\ P Gear teeth + Topland / Slot dims.

&3 HyGEARS V 5.0 (C) - EAVE\Neugart\Rfx26-Spiral2038- T\spiral-n26 26 2038-01hyg [v:5.0.500.10-463] - ®
Fle Edt Graphicz  Mse  Window), Display Page Help
Fin g2 0 5 |Y £ B B & <> |Use TCA LTCA |Geometry |Loads Stock CMM ComRE Machine
Depth
TThk
STEP -
oF | Quick access tool bar
BCAL
RemT
Gea
Blark
Depth
TThk
STEP Fillet line in green
DXF
BCAL
RemT
o Driw
v t‘.:l;.l;: CDI!:
Pt Face Angle 45700 E Face Angle 45.700 h
Pitch Angle 4500 rd Pitch Angle 45.000 y i

Opp Roat Tfl 41.284 A Root lif';ll] 41.108 o

. [Aet) 41430 A - [Aex] 41102 [f0.50d

FApuikp 40982 Fipukp 0837 - 4 Root CI

PAgudp 0.000 sl E — PAgsXp 0.000 _— o earances |
mm

RAgaip -0.347 IiE E FApzXp 0420 37470
DMS [Bet] -0 248 o [Her] D421 3747

He 3666 # F Hm 3233 i
) 288 / -1 18
t 4347 53,500 M 2 [BEpTeP 54.00
/ 50.22 BE0.76
sl - rp -l 2% s
Surmen [mm] * 3 580 Ts %30 [mm] +
G5um
13.40
Fo.)p 182! 788!
FL%p 20 424 FeMD 30 641
MR LR
[0 3000
N N 9/26/2021 3:2600PM _;
—

| —

‘2. Pinion blank + dims.

‘ 4, Gear blank + dims.
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Display Modes: Tooth Loads

\ ‘1. Pinion tooth loads — Top view \ P Gear tooth loads — Top view

C% &3 HyGEARS V 5.0 (C) - EAVB\Neugart\ 3 26-Spiral2033- T\spiral-n2fx 26x2038-00hyg [v:5.0.500.10-463] - *
a File  Edt raphics  Mise  Window | Display Page  Help
E ’;‘ o 22 0 a5 |G £ B E 88 @ |Uwr TCA LTCA Geometry |Loads | Stock CMM CorRE Machine
x]

: Cwx

Pt -
m /'/ | Quick access tool bar 3

=

oMs AN

A [ra ]

Summ

G5um

Ag 1578 [N]
To 1843 [N] / Root Clearances
[msam| o [mesm
4
/
NS
i 92772021 6:35:03 AM
2. Pinion tooth loads — Front view ‘4. Gear tooth loads — Front view ‘
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Settin

ibution — Fix

lay Modes: Stock
|1. Pinion tooth — Rough & Finish |

r |3. Gear tooth — Rough & Finish |
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TCA LTCA Geometry Loads

B &< ue

&

Erock Distribution - Pinion [Firishing]

poid-464HyG [v:5.0.500.10-464]
splay Fage  Help

/
s

Window

.'E_I!‘IP_‘III_IlEr_'Il =

5|19 £

Mise
2

=3

Fle  Edt
L
m

savED L

&3 HyGEARS V 5.0 (C) - EAVB\Demot13x3
Grap
e

| G5um

50 alz 3 el ol
E——
uoruI{ Jean

| 4, Gear stock — Rough & Finish ‘
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Display Modes: Modifications (Profile, Crowning)

5 |1. Profile modification — Right Flank|

\ ‘2. Profile modification — Left Flank

&% HyGEARS V 5.0 (€) - EAVE\Test-1-Spur-Helical [Ext].hyg [+5.0.500.10-454) - >
Fle B0 Grphics  Mise oy Page  Help
Gea 22 ) v £ E@%U&MLMWMMMEW
L
Test-1-Spur-Helical IExtI\rg - Gear [Finishing] [Maminal] Right - Prafile Deviation | Test-1-Spur-Helical [Ext] hy‘;— Gear [Finishing] [Wominal] Left - Prafile Deviation
Hhs BPr{mm] BPr[mm]
0.035 — -
— | Quick access tool bar
Dec 0.021 - 0,021
Oue |l 0007 0607
Sum¥X . jcanter] _— - {apter} —
Summ 0,007 — [Heel] e -0.007 — [Heel] —
G5um h [Toe] T i [Toe] TT—
-0.021 0021 —
-0.035 1 1 1 1 1 1 1 1 I | .o03s | | | | | | | | |
69.2 70.0 i & 724 732 69.2 700 g & 724 732
Bg [ramm] Rg [rnmn]
Test-1-Spur-Helical [Ext].hyg - Gear [Finishing] [Morminal] Right - Crowening Deviation | Test-1-3pur-Helical [Ext].hyg- Gear [Finlshing] [Mominal] Left- Crowming Deviation
Bcr[enim) ECr[rrn]
0.000 = 0.000 =
0,005 — -0.005
0,010 — -0.010 —
0014 — -0.014 —
0,019 — -0.019 <
0,024 1 1 1 | 1 | 1 | ! I {0022 I | | | | | | | |
7.50 -4 ] 150 450 750 -7.50 -4.50 0 150 4,50 7.50
¥3 [rarn] 3 [rarn]
Q2T2021 T:04:26 AM .
— [ S—

3. Lengthwise crowning — Right Flank

| 4. Lengthwise crowning —Left Flank ‘
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1nion

Gear P

|

A

isplay Modes: CMM

T |1. Pinion Nominal in 2D

et nominal

r |3. Gear Nominal in 2D

&F HyGEARS V 5.0 (C) - EAVBAEWS Too\ 15x304SpiralSC\GS30-15-001hyg [v5.0.500.10-464]

File

HyGEARS

RARERPEEERREEEN BHE

Bdt  Graphics Misc  Window

]

ZT/2021 TZIAE AN ;

|2. Pinion Nominal in 3D

}4. Gear Nominal in 3D
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Pinion

Gear

lay Modes: Corr-RE (Closed

\_ |1 Pinion CMM grid in 2D |

B. Gear CMM grid in 2D

Fie  Edt
Pin

Graphics Misc

2 2 |G

=

&% HyGEARS V 5.0 (C) - EAVE\Neugart\12x60 Hypoid\HyGears Corr MC\Hypoid-N10x60120-01hyg [v5.0.500.10-452]

Window

sploy Fage  Help

B © & @ User TCA LTCA Geometry Loads Stock CMM | Com-RE | Machine

Bxprt
Stat
Thitk
Com
D-MC

RE.

| Quick access tool bar

Edge reduction

| PoC and Contact Pattern |

Concave-0B 0.0036

-
%

W R TR VAV CRA Y

| N T VI

NN\ N Na N A T
L R R L U T . "\b
No Nz N\ NS e )

[mm] :fjﬁ; N Tepmnd In -:ﬂ;-g:
Spfrtp i ,!' 7 /‘z’ / /
S —— A - | W
4/ i‘/ f ,'( / f( ){I ,t ,1,1' Ca: UUIZE-_»
Y 4 . 7 7 meny

“\1:Drtulﬁ
\I_\ \ \ N
5k ] \]5.:;, _ \[ \ \ o

\ \J \__ \I \_J \J .
-O-G?B? V'{ ------ nff }( f“ ﬂ }’} ﬁlfl:ba
e

"&/ *‘! f’ ;74 .?{1 f? Ca: u_Juzc
- !/{_ m"% / ;xf jﬂ' ﬁ /] t[l: 0,76.71

: 0.00.07
[ ooss

0. llﬂ-'.l'll ol -D.061S

\\'\

Cor- mH:lil
ThErr 0,2272

Finian [FinishpAg] [Nominal] [Meas, Surface ; hypol &-nlatd 2r0_pinicnamesa]

| GEar[Finishing] [Nominal] [Meas Suface  gearmesi]

AT TIXE2AM .

‘2. Pinion Comparison — theo. vs meas.

— -
|£1. Gear Comparison — theo. vs meas.
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1nion

P

Gear

Display Modes: Machine (5Axis CnC)

&F HyGEARS V 5.0 (C) - EAVB\BGIndia) 50986-17x41-Spiral\s0926- 17c41_5.5-20d pa_GrindFromSPA.hyg [v:5.0.500.10-464] - *

Fle Edt Graphics Msc Window Display Page Heb

A :.5@£Q\@¢Mmmwmmum Mackine
-»5C
) | Gear [Finishing[Mommanal] - Concave-0B

SFS Cutting Machine Phoenix Pinion [Finishing][Meminal] - Convex-1B

HTea

| Quick access tool bar |

|~ /

27202 TAIETAM :

[ S—

‘1. Pinion cutting machine ‘2. Gear cutting machine |
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isplay Modes: User

&7 HyGEARSV 5.0 (C) - EAVB\PrecisionProducts\1 240~ Cflex-0.79375m 1 3x40- Cflex-0.79375m.hyg [v:5.0.500.00-464] - X

Fle Edt Graphics Misc Window Display Page Help

e — & Path of Contact - PinionBGear 13x40- Clex-0.79275m.hyg [Right] @
g - .
w” Tooth - Pinion 12x40-Cflex-0.79375m.hyg [Right] =] Path of Contact - Pinion&Gear 13x40-Clex-0.79375m hyg [Right] [Limil [NoEr] [PoC-NoSep]
1

Tooth - Pinion 13x40-Clex-0.79375m.hyg [Right] [Finishing] [Finishing] me=1.56 E=0.00 P=0.00 G=0.00 [mm] B:0.001 [mm]/0.002 [deg.

Blank - Pinion 13x40-Cflex-0 7937 5m.hyg [Right] [Naminal] [Finishing]

Drive
Coast;

Face Angle 22527
Pitch Angle 15.004
RootAngle 15725
. [Ad] 15725
Fapsdp -0.445
Papxxp  0.000
RApx¥p 0115
0069
1430
1480 12.505

1782
1782 i
1&6.000 . 334

Fc¥p 10812 = .54
R.¥p 11173
7

g Fc-B 5.255

OCD-Ape 115875

Blank - Pinion 13x40-Cflex-0.73375m hyg [Right] [Nominal] 11/12/2021 8:58:52 AM
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Keyboard Shortcuts

Dbl-Click maximizes / normalizes the current Child Window

C copies the content of the current Child Window to the Windows Clipboard,

Shift*C  copies the content of the current Child Window + Borders to the Windows Clipboard,

"E toggles the current Child Window in and out of the Auto Erase mode,

~F toggles the current tooth flank from Concave to Convex for spiral-bevel and hypoid
gears, or from Left to Right for straight-bevel, spur and helical gears,

"H cycles through the various possible Hide levels (no, partial, total and rendering) for
the current Child Window,

Al Zooms in one level (max = 10 levels)

A cycles through the various possible display projections for the current Child Window,

"M cycles through the various possible Marker levels for the current Child Window,

N toggles the current Child window to use either the coincidence of tooth flank normals

(NoSep) or the tooth to tooth separation (Sep) to establish a contact point along the
PoC; it 1s enabled only on those PoC related Child windows such as the PoC, Bearing

Pattern and 2D Graphs,

O to open a geometry data file,

AP sends the content of the current Child Window to the Printer,

"R toggles on and off the display of the Reference Frames,

S saves the current geometry data file,

AT causes the current display to recalculate and send the calculation trace to a Text
Results window (Ease Off Child window)

U Zooms out one level

L toggles the current Child Window in and out of the AutoZoom mode.
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Text Results Window

/ /| Window Title Control Euttons|N
- |

- Geclt/etr:.r summary - G530-13-001.hyg
File  Edit

R

WARNING: if any of the following values differ from the output of the "Summ”™ or "

the values of the latter will be considered as the reference.
R R R R R R R R R Ly

HyGEARS V 5.0 (C) - Geomerry Summary

Quebec, Canada

Pinion [Nominal]; Gear [Nominal] - G530-15-001.hyg
Spiral-Bevel - Semi-compl. (Gen)/Semi-compl. (Gen)

Slider Bar

Date f Time : 9/26/2021 / 8:44:43 PM

General Units : [mm] [D.dec]

Cutter Units : [mm]

Prepared by : Claude Gosselin

Version : 5.0.500.10-464

GENERAL DATA PINICHN GEAR
Humber of Teeth H 13 30
Hand of Spiral ' LEFT RIGHT
Speed Ratio ' 2.0000:1 [S5peed Reducer]
Diametral Pitch H 11.75%93
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text Sensitive Help: F1 K

."5 Mew Geometry Definition - [mm] [D.dec]

General  Cutter  Units

Names ...
Geometry Name
Directory
Geometry Source File

Types ...
Geometry Type
Material
Pinion Teoth Hand
Tooth Taper

Misc ..
Power [Kw] / Targue [N-m]
Pinion Speed (RPM)
MNumber of Teeth [Pinion - Gear]
Module/Pitch Diameter
Gear Tooth Face Width / mn
Shaft Angle
Depth Factor (Gear)
Addendum Factor (Gear)

Clearance Factor

Test-1-Spiral-Bevel

E:\WE

SpirBevl st

Spiral-Bevel

AGMA A-1

Left

Standard

293.40

1000.00

30 [1.333 (40

B.466667 4 |338.6667

50.800 6.10323

30.0000

2000 AGMA /150

0.350 1

0.125 O 150

Import

Cancel

[ October 2021

o e A

Hide  Back Home

@

Options

Conterts  Index | Search  Favorfes

Type inthe keyword to find;

>>0B

0Ord 1st 2nd

2D Graphs

2D Graphs Function Buttons

2D Graphs Output

2D Graphs Selection Window

3D 2D

5 Axis CnC Ball Mill data page

5 Axis CnC Coniflex data page

5 Axis CnC CoSIMT Data Page

5 Axis CnC End Mill data page

5 Axis CnC Face Mill data page

5 Axis CnC Machine Arbor data page
5 Axis CnC Machine Cycle Data Page
5 Axis CnC Machine Cycling Time data ¢
5 Axis CnC Machine Definition

5 Axis CnC Machine Metrics data page
5 Axis CnC Machine Part Reference

5 Axis CaC Machine Pre-processing

5 Axis CnC Machine Tool Data Page

5 Axis CnC Operation data page

5 Axis CnC Probe data page

5 Axis CnC Process data page

SAxis

About HYGEARS

Action Trace Output

Actu

Actual vs Actual Child Window

Actual vs Actual Child Window Function
Ang NoAn

Anim
|Arbor Definition Window

Autosave Messages

Base NoBa

Bearing Pattern

Bearing Pattern and Transmission Error
Bearing Pattern Definition Data Page
Bearing Pattern Development

Reaarina Rattarn Nevalnnment Functinn Br ¥

Display

Navigation: File loput 2ad Output > Crsatine a New Geometry
General data page
(New Geometry)

The General data page covers data related to the gear set blank dimensions, hand of pinion tooth, operating power and speed

Zerol, Spiral Bevel and Hypoid Gears
Straight Bevel and Coniflex Gears
Coniflex Gears

Spur. Helical and Beveloid Gears

Geometry Name *

A Geometry file name can be up 0 255 characters long. including path and extension: therefore, it should be limited to 32
charaters. ts extension should be no more than 3 characters long. The following characters are not acceptable:

5248011

Directory *

3 New Geometry Deintion - [mm] 6 mm.] x

Geneal Cuter Lnta

Geomety Sourcs Fle

Types
Geometyy Type
Matedal
Fiion Toath Hand
Toch Taper

Misc
Power [Ku] / Toraue D]
Piion Soeed (RPM)

Nurber f Tecth [Prion - Geal
Modde/Prich Diametzr

Gear Tocth Face Weth /ey
Shat Avde

Depth Factor (Gear)
Aedoncium Factor (Gear)
Cloarance Factor

An casy to remember name for the new Geometry data file must be entered. A good habit is to try to include the tooth numbers
in the name, as well as a version number or letter. For example, “14x41A", is a 14 tooth pinion with a 41 tooth gear, version A
If the extension is net given or is different from * dat”, it will cither be added or changed to * dat”. If desired, this extension can
then be changed at the time of saving the Geometry to disk by using the File -> Save As function

The full directory name must be entered, including disk name, of the location where the geometry data file is to be stored. The
default directory name is “C \hygear30data”. When the New Geometry Definition window is first shown, the Directory field is

- a x
A
Test-1-Spiral-Bevel
SprBevl st
== :
AGMA A1 v
- :
Duplex
]
® AGMA
O 150
Import
Vi
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Geometry Summary Editor

HyGEARS offers a Geometry Summary Editor, in which all aspects of the geometry, including
Machine Settings, can be consulted and modified at any time.

“Pin” -> Pinion Summary Editor

“Gea” -> Gear Summary Editor

Blank Data ... Spiral / Zerol / Hypoid

."5 Pinion [Hypoid] [Finishing][Nominal] Demo1441-116-Phoenix HyG - [mm] [d... >

Blank  Cutter TopRem

Pinion [Finishing] - Fixed Setting

Misc

# Teeth
Madule / mn
Part #

Tooth
Tooth Hand

Face Width
Addendum
Dedendum
Add. Angle
Ded. Angle
Front Angle
Back Angle

14 Outer CD
357600 / 3.03695 Pinion Offset
I:I Pitch Diameter

Blank
Left Pitch Angle
Face Angle
6.4703 Root Angle
2.2790 P Apex to ¥p
4.25.00 F.Apexto Xp
0.45.00 R.Apexto Xp

0.00.00 Qutside Diameter
0.00.00 FCrown to Xp

Apply 0K

Machine Other Operating Rim-Material Bearngs At ¢ ¢

Ol @ [mm]

uuuuuuu

I

36.1236

Cancel

Tapered Toe OD
definition

Checked: the entered
OD is imposed
Unchecked: FApxXp is
modified to suit OD

—RAmNp wh FCXp —

e PApLXp C.Xp I

p———— M Dimmnce ——y

Imposed OD —‘l
:

Addendum Angle

:

Nlean Posnt

=
Yo -G i - \ —
o
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Geometry Summary Editor

Blank Data ... Straight Bevel

.'s Pinion [Straight Bevel [Generated]] [Finishing]l[Naminal] 22x285traight7.50P-...

Cutter

Misc
# Teeth

Cutter Edge  Machine Other
Pinion [Anishing] - Straight Bevel [Generated]
22 Outer CD
7 50000 Pinion Offset

Diametral Pitch
Part #

Tooth
Tooth Hand
Face Width
Addendum
Dedendum
Add. Angle
Ded. Angle
Front Angle
Back Angle

LR LY

Pitch Diameter

Blank
Left Pitch Angle
0.7567 Face Angle
0.1520 Root Angle
0.1402 P Apexto Xp
31374 F.Apexto Xp
25140 R.Apexto ¥p
Outside Diameter
FCrown to Xp
Apply

@ fin]

Operating  Rim-Material B «

O Imm]

*

3

Checked: the entered
OD is imposed
Unchecked: FApxXp is
modified to suit OD

Mounting Distancs 1

&3 Imposed Toe / Heel OD - [in] >

Toe and Heel ODs

Toe #1

Outside Diameter 0.0000

Face Angle 0.00.00

Toe #2 -

Outside Diameter  [0.0000 OD - Heel

Face Angle 0.00.00 TFace ,\ngﬁ|

Heel OD#2 - Toe #1- Toe

Outside Diameter 31521

[ Cropped 0D

Apply OK Cancel
Tapered Toe OD definition
Faca Width B b
| <
) [Ectnal Tooth | T 3
Tooth Toe . Tooth Hed
FrontAnsls *
}
-ossing Point)
it P | L L____________
| e (/.
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Geometry Summary Editor

Blank Data ... Spur / Helical / Beveloid

."5 Pinion [Spur-Helical [Ext]] [Finishing][Nominal] 24x24-Spur-m3.hyg - [mm] [.. X

Pinion [Finishing] - Spur-Helical [Ext]

Misc

# Teeth
Module
Part #

Toath

Tooth Hand

Face Width
Addendum Factor
Dedendum Factor
Fillet Factor

Front Angle
Back Angle

uuuuu

Iank Cutter Cutter Edge Machine Other Operating Rim-Material Bearings A/« | »

Ol @ [mm
Pitch Diameter 72 0000
Blank
Minor Diameter 64.5301
Major Diameter 78.0046

Addendum
Dedendum
Lead Angle
Lead /rev.

Apply QK Cancel

Tooth Heel

Tooth Toe e Face Width
D edendum
Y
Major Diameter
[ Pitch Diameter i i
Minor Diameter
— - e e e = T
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Geometry Summary Editor

Spiral Bevel Cutter Data ...

Fixed Setting

."5 Pinion [Hypeid] [Finishing][Nominal] Demo1441-116-Pheenix HyG - [mm] [d... >
LE OB
Blank Cutter TopRem Machine Other Operating Rim-Material Bearings A < | »
,-‘ Blade Angle
@ fin] O [mm] J((Tonaemme
—
(TopRem) Angl
Concave-0B Convex-B ' \ T~
Pairt Diameter 6.0300 6.1600
Blade Angle 10.00.00 28.00.00 IB Point Dia
B.Edge Rad. 0.0250 0.0250 0B Point Dia
Pairt Width 0.0250 0.0250
Cutter Edge Straight v
Rad. of Curvature 0.0000 1B, 03,
Ref. Height Lt 0.0000
Number of Blades 12 12 | [ Bilade Angle
Cutter Gaging 0.0000 0.0000 [ Rt
Rad. of Curvature-Ref. Height 0.0000 0.0000
" Radivs of
Reer =
IE Point Dia 4-| — Bilade Point
Width
OB Point
ﬂpph.' QK Cancel CircularEdge Cutter
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Geometry Summary Editor

Spiral Bevel Cutter Data ...
Spread Blade / DH

."5 Pinion [Spiral-Bevel] [Finishing][Nominal] Bevel_Gear_10x42_d145_K08_Corrh.. X

Machine HiOrder Other Operating Rim-Material Beal ¢ | » |

I.B. 0.B.
,—‘ Blade Angle
@ O ] [ (R Lenet
(Te ) Angle
Concave-0B Convex-1B ' u‘?q:; Mil T
. Edge
Awverage Diameter 3.5000 ‘-——7>‘
Blade Angle 14.0000 26,0000 F$m¢ Pein
Width
B.Edge Rad. 0.0310 0.0310 AwrageDia ————
Pairt Width 0.0571 Straight Edge Cutter
Cutter Edge Straight v | |Straig|'rt ~
Rad. of Curvature 0.0000 0.0000 LE
Ref. Height 0.0000 0.0000 B
Number of Blades 12 le—— Blade Angle
Cutter Gaging 0.0000 g'r_ Ref Height
B.EdgeR
Radivs of
F—-‘-— Blade Point
Widh
Axerage Dia
Apply 0K Cancel

Circular Edge Cutter
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Geometry Summary Editor

Spiral Bevel Cutter Data ...

>

."5 Pinion [Hypoid] [Finishing][Mominal] 13x39 FH.HyG - [mm] [dd.mm.ss]
TopRem Machine HiOrder Other Operating Rim-Materal Bear «
@l O mm]
Concave-JB Convex-IB
Point Radius 3.2998 3414
Blade Angle 228556 16.6742
B.Edge Rad. 0.0468 0.0468
Mean Radius 3.3656
Cutter Edge Circular b Circular ~
Rad. of Curvature 636721 59,0689
Ref. Height 0.1898 0.199%
# of Groups/Blade per Group 19 2
Blade Height 0.3243 03248
Rad. of Curvature-Ref. Height 0.0000 0.0000
Angular Position 94737 0.0000
Blade Thickness 0.4000 0.4000
Apply QK Cancel

3

Face Hobbing

— -

Blade Angle
[ (TopR.em) Length

(TopRem) Angle
B Eh P__H‘-\\
. Edge R —\
IB Point Radius 4-|
Mean Radis ————————
OB Point Radius
Face Hobbing Straight Edge Cutter
LB 0.B.
| f~—— Blade Angle
‘J{— Ref. Height
B.EdmR Fadinsof
[ e Curatue
— :
IB Point Radius .—.‘
Mean Radins
OB Point Radivs

Face Hobbing Circular Edge Curter
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Geometry Summary Editor

Spiral Bevel TopRem Data ...

TopRem (TM)
TopRem Depth
TopRem Angle
TopRem Radius

Blade Height
Tip Relief Height
Tip Relief Angle
Tip Relief Radius

Concave-0B

* Linear Blade:

* Circular Blade:

Linear and Circular TopRem
Circular TopRem only

Apply

."5 Pinion [Hypoid] [Finishing][Mominal] 13x39 FH.HyG - [mm] [dd.mm.ss] *

Blank Cutter TopRem  Machine HiOrder Other Operating Rim-Material Beal4 | *

® ] O [mm]

0000
.00.00
0000

3859

.00.00
0000

(]
I=1E=] o (ool a -l
=
ol
[==]

OK Cancel

L.B. 0.B. |
— Blade Angle
Jr (TepRem) Length
—
(TopRem) A:{le '—-\.\_\
e/

Linear TopRem

L.B. 0.B.

Blade edge
Linear or Cimular —

TopRem Depth. : T
N\ Rudis

“— Blade edge
radius

Circular TopRem
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Geometry Summary Editor

Spiral Bevel Machine Data ...

."5 Pinicn [Hypoid] [Finishing][Neminal] 13x39 FH.HyG - [mm] [dd.mm.ss]

Blank Cutter TopRem Machine HiOrder Other Operating Rim-Materal Beal+ | »

Cutting Machine

Radial Distance

Cutter Titt

Swivel Angle

Offset

Machine Root Angle
Machine Center To Back
Sliding Base

Rate of Rol

Cradle Angle

115.03459
241944
14.55762
0.0141
-0.00485
2879777

O n]

Apply

OK

x

® [mm]

Cancel

Changes with the process and machine:

* Fixed Setting

* Modified Roll

* Duplex Helical

e SimplexT

* Non Generated (Formate)
* Face Hobbing

e Cyclo-Palloid

* FEtc.
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Geometry Summary Editor

Higher Order Data ... Controls Modified Roll and Helical Motion up to 6 order

3 Pinion [Hypoid] [Finishing][Mominal] 13x39 FH.HyG - [mm] [dd.rmm.ss] * 2¢ &eD 24F
w _ 5 3
) ) ) ) ) le_a3RT+_(CT_a3RT) - _(Cr_a3Rr) + 24 (C._,,.—
Blank Cutter TopRem Maching HiOrder Other Operating Rim-Material Beal « | » 120F 720G
4 5 [
3 R'r:] - 120 (Cr — U3 R'r':] + 720 (Cr — U3 R'r':]
Modified Roll

14 0.00000

s -0.00262

6D 0.17892

2E 257423 Kpm = Xp + 1g (Cr — O3 Rfr) + 2na (Cr — U3 R'r)g + 3.4 [Cr -

120F -86.50411 3 4 5 6

az Ry)® +4¢, (G — azRp)™ + 54, (G — azRy)> + 64, (G — a3 R,)
720G 0.00000
Helical Motion

Tst -0.00416

2nd 04157

3d 0.00000

4th 0.00000

Sth 0.00000

6th 0.00000

Apply QK Cancel
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Other Data ...

Spiral-Bevel / Hypoid

Spur / Helical / Beveloid

Straight-Bevel

Cancel

&3 Pinien [Hypoid] [Finishing][Nominal] 13x3% FH.HyG - [mm] [dd.mm.ss] x &3 Pinien [Spur-Helical [Ext]] [Finishingl[Neminal] 24x24-Spur-m3.hyg - [mm] [.. X
Blank Cutter TopRem Machine HiOrder Other Operating Rim-Materal Beal s |» Blank Cutter Cutter Edge Machine ; her { Operating Rim-Material Bearings A+ |»
Q] @ [mm] Ol @ [m]

Misc Misc

Speed Increaser O Speed Increaser O

13 3.0000 Numerical ook 47113 Numerical

Shaft 50.00.00 Topland 2.1433

Tocth Taper Uniform Numerical Diff. 000500 Mg 10000 Numerical Diff. 000500

M. Distance 1116 6000 Calculation Trace Nathing Shaft 0.0000 Calculation Trace Nothing

Roller-Ball Diameter  [9.6520 ESace L Roller-Ball Diameter  [5.1836 Em. Surface No

Tooth Thick Tooth Thick 4.

Topland Backlash Epicyclic Gear O Backlash

Addendum Factor Minimum 01016 Crown Speed (RPFM) |0 Mirimum 0.0508

Depth Factor 4.000 Maximum 01524 Number of Planets 1 Maximum 01016

OK Cancel

&3 Pinion [Straight Bevel [Generated]] [Finishing][Nominal] 22x285traight7.5DP-... X

Blank Cutter Cutter Edge Machine HiOrder ”C‘)ther"; Cperating  Rim-Material By + | »

Misc

Speed Increaser O

Mg 12727
Shaft 73.30.00
Tooth Taper Standard
M. Distance 25735
Roller-Ball Diameter 0.2300
Tooth Thick 0.1927
Topland 0.0730
Addendum Factor 0.574
Dedendum Factor 1.884

® i O mm]

Numerical

Numerical Diff

Calculation Trace Nothing
Em. Surface No
Backlash

Minimum 0.0020
Maximum 0.0040

Cancel

I
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Operating Data ...

Geometry Summary Editor
2T, P, K, K K,

AGMA: traditional way, o,=
DFJK K,

2T, P K,K K,

/ AGMA-Mod: variant of AGMA ~ 7¢~ F/VK K,

,:s Pinion [Straight Bevel [Generated]] [Finishing][Mominal] 22x285traight7.50P-...
Blank Cutter Cutter Edge Machine HiOrder Other Operating = Rim-Mater r
Class 0 0
+ .
AGHA Clacs v O [om] Aida+Terauchi: Spur gears
Trans. Quality Precision
- 2 2
S P for] [3199 27, [ 0.087) 0.66S, +0.4+/S,> +367> +1.155. K K K
- . . b d b .
Fiet Finish 3189 - O oy =——1414 f_4 s m
Factors DF rf Kv Kx
Strength Calculation  |AGMA-Mod ¢ Torque flb-in] @
Load Position HPSTC il Type IS0 220 v
. i il T. 150 1500
Ka: Application 1.1000 il T [F] 150 1000
Ks: Size 1.0000 Friction Coeff. IS0 630 0. T T
‘o . IS0 460 \ T I
v: Dynamic 10000 Sresses [Fel IS0 320 N 0.08 L - »1P
: tresses [Ksi T ™
Km: Load Distr. 3 B ] o I |
1.0000 IS0 150 1006 T FICT: 2595 59‘5" |
Ke: Curvature 1.0000 150 100 .08 ' ‘[ ! o8 e !
Kom: Mounting 1.0000 e . T 0.0 L ,‘_;ﬂ o
J: Finion Left 02132 750 140- P | LT X e
A - 195" 8% test results :
J: Finion Right 0.1997 0.03 Rl acc. Ohlendorf tor Hil
L i ‘ Ny
Apply OK Cancel 0.02 - L : o 250 mPas L
P N x 100 mPas
i %p;*; a 40 mPas
iggi‘ig e 16 mPas
i i.i 1 i :
ol I
0.01 ‘ 01 1 10 100
—— Fat/b in N/mm
vic-na m/s.mPas

[1SO 46 ~ 320] — Prof. H. Winter
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Operating Data ... /K HPSTC / LPSTC
."5 Pinion [Straight Bevel [Generated]] [Finishing][Mominal] 22x285traight7.50P-... X
dgd[uRad]
Blank Cutter Cutter Edge Machine HiOrder Other Operating Rim-Material B+ |» )
- ~ — <.
& r Y
Class ] ._:{ \\\ J / \&
AGMA Class 11 v @l O fom] -116 / \ / \
- — _ | ) |
Trans. Quality Precision w - ,"' Al 1694 \
- - Power - | \
Surf. Finish [uin] 31.89 i '.III’ ] N
] H = _ f | \
Fillet Firish 1189 ower [Hp] 714000 - / / \ \
Factors RFM 500.00 - / f{ '-II II.'
Strength Calculation  [AGMA-Mod Torque [Ib-n] S00. 00000 — | ",
Load Position “ Gil Type IS0 220 ~ “464 i v
Ka: ﬂ.pplication 1.1000 O|-I T [F] 180.00 =80 | | | | | | |
fs: Size 1.0000 Frction Cocf: 0.020 431 272 1144 204 36.2
Kv: Dynamic 1.0000 g3 [] =--
Km: Load Distr. 1.0000 Stresses [Ks]
Kx: Curvature 1.0000
Kpm: Mourting 1.0000
J: Pinion Left 02132
J: Pinion Right 0.19%7
l Apply oK Cancel

HPSTC:

Mid-height:

Free:

Highest point of single tooth contact (or Transfer Point);
thus the PoC 1s first calculated;

mid tooth-height, at mid-face width;

at tooth tip if AGMA Class < 9;

at HPSTC if AGMA Class > 8
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Geometry Summary Editor

*** HYGEARS OIL DEFINITION FILE ***

’

’

ISO 1500, UREYN,
IS0 1500,

Source:
Errichello R., The Lubrication of Gears, Part I,
Errichello R., The Lubrication of Gears, Part II,
Equivalences:
IS0 AGMA SAE Crankase SAE Gear
1500 250
1000 8A 250 (lower)
680 8 140 (upper)
460 7 140
320 6 140 (lower)
220 5 50 90-85W
150 4 40 85W
100 3 30 80W
68 2 20W-30 80W
46 1 20W-20 75W

This is a comment line that is ignored
by HyGEARS. Comment lines should appear at the
beginning of the file, and start with a ";"

Gear Technology, March/April 1991
Gear Technology, May/June 1991

semi-colon character.

Each o0il definition is made of 2 consecutive lines:
one for Absolute Viscosity (uReyns, Reyns or 1lb/in2)
one for Pressure-Viscosity Coefficient (in2/1b, m2/N)
l1st 0il data line is given in the following sequence:
0il Name
Absolute Viscosity Units (UREYN, REYN, CP)
Temperature Units (F, C)
Data Sets (Viscosity-Temperature)
2nd 0il data line is given in the following sequence:
0il Name
Pressure-Viscosity Coefficient Units (IN2/LB, M2/N)
Temperature Units (F, C)
Data Sets (Pressure-Viscosity Coefficient-Temperature)
Warning the character "-" is a separator between Viscosity and Temperature

F,
IN2/1B, F,

200-100,
2.2-100,

90-120,
1.9-125,

47-140,
1.75-150,

25-160,
1.61-175,

Pressure-viscosity coefficient and Temperature

3-260
1.07-300

15-180,
1.48-200,

9.5-200,
1.35-225,

6.1-220,
1.25-250,

4.3-240,
1.15-275,
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Geometry Summary Editor

Rim - Material Data ...

."s Pinion [Straight Bevel [Generated]] [Finishing][Mominal] 22x285traight7.50P-...

Blank Cutter Cutter Edge Machine HiOrder Cther Operating

Rim ®

= Material
0.00 Material
0.0000 Young [Ksi]
Hub ID Poisson
0.0000 Bending [Ksi]
0.0000 Contact [Ksi]
0.0000 Hardness
0.0000 R. Density

Heel Rib OD 0.0000
Heel Rib Thickness  (0.pooo

Bending-150 [MPa]
Contact-150 [MPa]

Apply

Rim-Material B

inl O [mm]

*

3

AIS| 4140 |v

AGMA A1
AGMA A-2
AGMA A3
AGMA A4
AGMA AR
AlSI 4140
AlSI 4340
AlSI 8620
NITR 135M
2 5% CHRM
16 MnCr 5
16 MnCrB 5
18CrNiMa 76
31 CrMa VS
1S0_ME
150_Ma2
1S0_Ma3
1S0_ML
Ck4s
POM_-40Deg

Web Angle

Rim-WebER.

‘ I - Wab % Rim
Hub OD  Hub ID :
l _____ : | A Hob @)
-.j::. T._L.I L
""" : LY .
Hub 1D { Crown Gears Only — Hub (Tes)

Fim Thicknzss —

M.Distance - Cp, —*+—
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Geometry Summary Editor

***% HYGEARS MATERIAL FILE ***

; This is comment line which is ignored

; by HyGEARS. Comment lines should appear at the

;  beginning of the file, and start with a ";" semi-colon character.

; Material data is given in the following sequence:

; Material Name

; Bending Strength

; Compressive Strength

; Strength units (PA, KPA, MPA, GPA, PSI, KSI)
; Young Modulus

; Poisson ratio

; Young Modulus units (PA, KPA, MPA, GPA, PSI, KSI)
; Hardness value

; Hardness units (BHN, HRC, HRB)

; Relative density (relative to water)

AGMA A-1 , 200, 630, MPA, 200, 0.3, GPA, 180, BHN, 7.8
AGMA A-2 , 250, 750, MPA, 200, 0.3, GPA, 240, BHN, 7.8
AGMA A-3 , 280, 870, MPA, 200, 0.3, GPA, 300, BHN, 7.8
AGMA A-4 , 320, 1050, MPA, 200, 0.3, GPA, 360, BHN, 7.8
AGMA A-5 , 340, 1150, MPA, 200, 0.3, GPA, 400, BHN, 7.8
AISI 4140 , 270, 1175, MPA, 200, 0.3, GPA, 48, HRC, 7.8
AISI 4340 , 290, 1125, MPA, 200, 0.3, GPA, 46, HRC, 7.8
NITR 135M , 295, 1250, MPA, 200, 0.3, GPA, 60, HRC, 7.8
2.5% CHRM , 415, 1300, MPA, 200, 0.3, GPA, 57, HRC, 7.8
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Bearing Data ...

Geometry Summary Editor

.:5 Pinion [Straight Bevel [Generated]] [Finishing][Mominal] 22x285traight?.30P-...

Cutter Cutter Edge Machine Hi Onder

Pogition [in]

[] Ref: Back Face

Stiffness Toe [b/in]

Along X 2000000.0
Along Y 2000000.0

Along Z 20000000
Stiffness Heel [bsin]

Along * 2000000.0
Along Y 2000000.0

Aong Z 2000000.0

Other Operating Fim-Material Bearings |«

® n] O [mm]

Dimensions Toe [in]

1D. 0.838
oD 1.257
Width D.063
Dimensions Heel [in]

1.D. 0.838
oD 1257
Width 0.063

Apply OK Cancel

s

»

Toe Bearinz \

Ohizin for
Bearins Positions

Ongin for Bearine Positions
When in “Fef, Back Gee"

Hzel Bearing

Position of
ToeBeanns
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VH Settings Editor

Bevel Gears ...

:5 W-H Settings - [in] - Straight Bevel [Generated]... X

EPG  Aignment Runout Links

E: (Pinion Offset)
F: (Finion Axial) Finion Radial
G: (Gear Axial) Gear Radial

Apphy Feset QK Cancel

."5 W-H Settings - [in] - Straight Bevel [Generated]... X

Misalignment
st e

Apply Reset QK Cancel

| Pinion Runout |" _____

© Involute Simulation Softwares Inc. 2021




VH Settings Editor

Spur / Helical Gears ...

:5 W-H Settings - [mm] [D.dec] - Spur-Helical [Ex... X

i Mlignment Funout Links

Center Distance |72 0000

P: (Pirion Auial)
(3: (Gear Axial)

| Aoply || Reset | ok | Cancel |

-"5 W-H Settings - [mm] [D.dec] - Spur-Helical [Ex... X

Misalignment
st e

[ Apply || Reset | OK || Cancel |

I Gear Run out

Center Distance

I : Pinion Run out
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General Data Page

Units Data Page

HyGEARS Confi

."5 Configuration HyGEARS V 5.0 (C) >
General Units Forts Graphics Colors  Display
Bell [No ~|
Language |Eng|ish v |
Log File |N.3 v|
Mum. Diff. Increment ||}_DD[:-5 |
AutoSave Interval |5DD |
Geometry Folder |E:'-.VB |
Support Folder |C:'-.Llsers'-.I-h'GEA'-.DDcuments'-.HyGB|
Tool Folder |C:'-.Llsers'-.I-h'GEA'-.DDcuments'-.HyGB|
Apply 0K Cancel
."5 Configuration HyGEARS V 5.0 (C) >
General Unts  Forts Graphics Colors  Display
Angle Units |Em - |
Linear Units |mm - |
Cutter Units |mm v |
TE Units |uHad v |
AGMA/SO input |AGMA V|
Apply 0K Cancel

tion

[in] [mm]
Torque [lb-in] [N-m]
Force [1b] [N]
Stress [Ksi] [Mpa]
Power [HP] [Kw]
Stiffness [Ib/in] [N/mm]
Volume [in’] [mm?]
Mass [lbm] [kgm]
Inertia [lbm- in?] [kgm- mm?]
Speed [ft.-'rrln'n] [m-'rpin]
Misalignment [In/in] [mim/mm]
Surface Finish [uin] [um]
Temperature [F] [C]
Warp [/0.1 in] [/10 mm]
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Fonts Data Page

Graphics Data Page

HyGEARS Configuration /2

."5 Configuration HyGEARS W 5.0 () >
General Units  Fomts  Graphics Colors  Display

Text Fort |Courier New |

# points (Text) | 10 |

Graphic Font |Ca|ibri |

H points (Graph) |11]' |

Greek Font |Symbol |

Input Field Fort |Micmsnﬁ Sans Serf |

Apply QK Cancel

a8 Configuration HyGEARS V 5.0 () x
General Units Forts Graphics  Colors  Display

Hidden Lines | o |

Zoom |Auto ~|

Projection Type |User Defined View v |

Reference Frames |No - |

Omega X Y Z |238,-10, 270 ~|

Meas. AutoScale |Yes - |

Rotation Increment |2_5

YMin-Max XMin-Max |15, 15,-15, 15 |

Apply oK Cancel

Font

Font: Fort style:
[Courier New] Regular
Courier New

Credit Valley
Carlz MT

e ] ifolle 2 oy
Balvardion Sl FTE -

Effects Sample
[ Strikeout
2aBbY¥YvZ
[ Underiine S
Seript:
Westem -
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Reference Frames

Rotation Axes

HyGEARS Configuration / 3

Zﬁl Gear Reference Frame
|
T3
Pinion Reference Frame Y2
\ X1 Ly
i o £2
23 - - _ Xz a _ ' . —_—
X3 B
General Reference Frame
Omega 7 +
Child Window j
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Colors Data Page

Display Data Page

HyGEARS Configuration / 4

s Configuration HyGEARS V 5.0 (C)

General  Units  Fonts

'What is displayed

Desired color

Graphics Colors | Display

1. Black Lines

2: Ease Off Surface Fil

3 Childwindow Background Fill
4: Cutter Blades (in Cutter Blade C
5: Pinion Fill

&: Gear Fill

7. Cutter Fill

&: Cradle Fill

9: Tooth Normal

10: Pressure Angle

11: Circular Pitch

12: Base Pitch

13- Center Nistance

ncel

."5 Configuration HyGEARS V 5.0 (C)

General Units  Fonts

@Load Geometry

@Create Geometry

Graphics Colors  Display

User Defined

BP LTCA
Tooth Geometry

Ease Off is shown Comgtﬂd( Distribution

MM Mominal
Comection - R.E.
Cutting Machine

Apply OK

Cancel

EEER
EEEEAT
EEEERN
LIl EN
TEENEN

EERERET
THEEEN

|

Basic
-
-
-
-
-

Cust
r
r

171
171
17
11
171
171
L 171

Hue: [45 Red: [220°
Sa:[198  Green:[239

CoorSobd |, [53  Bue:[86

Add to Custom Colors |

© Involute Simulation Softwares Inc. 2021




Creating a New Geometry

In HyGEARS, creating a new geometry is
simple.

The New Geometry Definition Window offers
basic input fields in which the required data is
provided.

The New Geometry can be processed at once,
and saved in a file for later retrieval.

At every step, HyGEARS offers default values
to ease creation.

Entries in must be provided by the
user.

."5 Mew Geometry Definition - [mm] [D.dec] X
General  Cutter  Units
MNames ...
Geometry Name Test-1-Spiral-Bevel
Directary E-VEB
Geometry Source File SpirBevl lst
Types ...
Geometry Type °
Material Beveloid [Ex]
= Beveloid (Int]
Finion Tooth Hand Coniflex
Tooth Taper EE:,S”H:!}:
CurFace
) Curvic Coupling
Misc . Face Clutch
Power [Kw] / Torque [N-m] Face Gear
- Form Face
Pinion Speed (RFM) Hemingbone
Mumber of Teeth [Pinion - Gear] Hirth Coupling
Module/Pitch Diameter iypaid
Involute Spline
Gear Tooth Face Width / mn gnaper Hzfi]
aper [Int
Shaft Angle Skiving [Exd]
Depth Factor (Gear) Skiving [int
Spiral-Bewvel
Addendum Factor (Gear) Spur-Helical [Ext]
Clearance Factor Spur-Helical [int]
Spumiflex
Spurved
Straight Bevel [Generated]
Worm & Helical
‘Womm Gear
Zerol Cancel
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Creating a New Geometry

Bevel Gear Macro and Micro Geometry:

» Basic dimensions are established as per AGMA 2005.
 Initial machine settings are established from Basic dimensions and given cutter specs.

* Tooth dimensions are applied as per Depth and Addendum factors; thus, generated members are not
checked for undercutting; profile shift is not modified if undercutting is present.

* Clearance is calculated on pinion and gear;

« Contact Pattern is pre-developed:
— CP is Centered Length wise on Gear Tooth
— CP is Centered Depth wise on Gear Tooth
— Any Bias is ignored at this time

» Design is displayed for user evaluation.
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Bevel Gear Macro Geometry

Basic dimensions are based on AGMA 2005:

* Depth and Addendum Factors

e C(Clearance

* Outer Cone Distance

* Face Width

e Cutter Diameter

* Pitch Angle

* Addendum and Dedendum Angles

MmO O o>

Back angle

Back cone angle
Back cone distance
Clearance

Crown point

Crown to back
Dedendum angle

H Face angle P Pitch angle
| Face width Q Pitch cone apex
J  Front angle R Pitch cone apex to crown
K Mean cone distance S  Pitech diameter
L Midface T Rootangle
M Mounting distance U  Shaft angle
N Outer cone distance V  Equivalent pitch radius
0 Outside diameter
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Crea

a New

Geom

Bevel Gear Macro Geometry

For Hypoid gears:

Spiral Angle (based on Offset)

N

1l.||p=25+5vlﬁ'+9ﬂ

E

D

FApx-Xp (A)
RApx-Xp (B)
PApx-Xp (©)
C-Xp (D)
FC-Xp (E)

© Involute Simulation Softwares Inc. 2021




Creating a New Geometry

Fitch cone apex -~

Bevel Gear Macro Geometry

Tooth Taper (Zerol, Spiral Bevel, Hypoid):

mean whole g | h \\N mean

Standard 1:113;1"‘?':1.I J ‘;:'/"”/ ! — addendum
|
QN %QXQ\\\\\\@% .
Standard _depth taper
/ T~
Duplex = f (cutter radius) meanwhole = ' T~
depth == | \w addendum
_ 90 _ sin | THt rmoan
Zop = P A, tan g cosy (1 AmG 772 ] \\\\\\\\\\\\\\\\\\ | \\\\Q\\\\\\\\ ™ dedendum
s Duplex and tited root line taper
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Bevel Gear Macro Geometry:

Dedendum Angle

Creating a New Geometry

Depthwise taper Sum of dedendum angles (degrees)
.3 b,
Standard I8¢ = arctan (A_F) + arctan (A—(')
miy mi
Uniform depth o, =0
A sinY
Dupl = 20.0 - TmG 2 Y
uplex Zbp (Pd""aﬁ @n & cos ‘4’) (1 T )
B gy 90.0 A sin g
mﬂ_(gnﬁm(pmw)(l Te ) (M)
TRL

by = by or 1.3 b, whichever is smaller

Depthwise Dedendum angles
taper {degrees)
dard bp

ELP = arctan (m)
b = Zbs — &p
Uniform depth | 5, = §; = 0
uplex ag
EP = EED ?
RL a;
5]" = Eﬁr “H_
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Creating a New Geometry

Straight, Zerol and Spiral Bevel Gears

Mean circular pitch

= & (Am
M_"'.f(“-o)

Thickness factor

Mean normal circular
thickness thecretical
without backlash

Outer normal backlash
allowance

Outer spiral angle (face

I = pmoosy — Ty

k3 (See figure 21)

Item Pinion Both pinion and gear Gear tem Pinion Both pinion and gear Gear
Pilgh diameter d=R2 p=4& Mean circular pitch Am
] Py ) Pd (metric) Pm = Wimg Ao
(metric) [d = rmg) (D = N my) Mean addendum ap=h-ag ag = c;h
. Mean dedendum bp=hm—a b= km—a
" _ sinE _ p = fim — dp G = fim ~ &g
Piteh angle v m[ﬁ . w;z] Fr=-y Sum of dedendum 25 See tabie §)
L angles
Outer cone distance Ap = Eif.? Dedendum angle & (See table 7) & (See table 7)
Mean cone distance Aw = Ap — 0.5F Face angle Yo=y+38g fo=C+8p
Depth factor ki (See table 4) Root angle Yp=v-&p Tp=T-§;
Mean working depth § = ::Tl(éﬂ) cosy Outer addendum d,p = ap + 0.5F tand; a,; =ag + 05Ftand,
4\ Ao Outer dedendum bop = bp + 0.5F tm B by = bg + 0.5F tand;
N Outer working depth h,=a,p+a
metric b= Am & = fop ™ fog
¢ ) ( kima (ﬁo) uusw) Outer whole depth By = aop+ bop
Clearance factor k2 (See 7.5) Outside diameter dy = d + 2a,p cosy D, =D+ 2a,;c0sT
Clearance € = ksh Pitch cone apex 1o . :
Mean whole depth hm=h+ec crown %o = Ao cosy = agpsiny Xo = Ao cosT = a,g sinT
. . [y cosy i f - A
Equivalent 90° ratio meg = [o et Mean diametral pitch Py =Py (ﬁ)
Mean addendum factor | (See table 5) . . n N
Mean pitch diameter dm = 5— D =g~
dam dm

&y cosy

Ty =(0.5pmc0sY) — (ap — agano— 7

B (See table 8)

_ Amrcsing = A2 + A2

miling) sinyo o oA
Outer spiral angle (face NN
hobbing) ¢ @nT
C AmNs
sinv TNy cosy
o= 900y v
5
-l
1eE
AZ+ 5272
oS To 2,5,
. _ Ao — 0 cosno
%o = g e
A A
Mean normal chordal 3 by by Ag
thickness te = tn = | & | - 0SBl —(r Toe =T~ | opz | ~ 058 v
m ws@mwo m m=¢m1ﬂo
Mean chordal 2 T2 cosT
addendum a.p = ap + 025 ":-:ﬂ 2. =ag+ 0.25-5%
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Creating a New Geometry

Hypoid Gears ...

Item Pinion B Both pinion and gear Gear Item Pinion Both pinion and gear Gear
1 T = . K, + AKX - ! .
Pitch diameter D= .P'E; Spiral angle anyp = —ITLM WG = ¥p
(metric) (D = Nmy sine
i -1
Gear ratic mg -§ Qear pitch angle unl mqmsa:+°“51“"u
Desired pinion spiral Wop = Up Mean cone distance Apg = Ei%l"
angle @ . .
Pinion mean radius _ [ARp
Sh:f;r:ﬂsg';: departure AL =X - 90 increment aRp = (T R
] R AR
Approximate gear pitch wnl, = m{cos AT) Mean cone distance Agp= is%;.._l’
angle b1 - mgsin AZ) . : _ :
' G Mean pinion radius Rp = A, psiny
p i D~ Fsinl’ . .
Gear mean pitch radius B Limit pressure angie - unoy = tany u‘nl‘fd,.,yﬂnwp -A.g ﬂn‘i’o)
Approximate pinion EsinT cose’| |\ Apptany + A, T
offest angle in pitch sing’; = —p i For face hobbed gears
plane make the following Ne - A
roximate hypoid . . caiculations
Apg'rmensiomfavgt';r Ky = oy, psine’; + cose’; Aps
Approximate pinion RE, sinv = Nz cosY
mean radius Rap = Fg A=90 —+ v
Start of fteration i
First trial Sy = JAadg +rk - 24, Grc cosh
Gear offset angle in tann = £ A0S
axial plane ! R(mn T, cos AT - sinAT| + Rop b e v Ne + Ng)
Second trial iy " an
Tntermediate pinion ) ean tooth curvature p=A - cos wny + _ mmmy
offset angle in axial singy = £ = Ropsinm face hobbed gears G WG G 14 mv[mwa + Iz.n'n]}
| h_‘:'a"e - , Mean tooth curvature o=r
ntermediate pinion - sinm face milled gears
pitch angie Y2 G cosas ¢ AT Celculate the following
Intermediate pinion . sec o tan i, — an
offset angle in pitch sing’, =SR2 cosAT For Method 1 rym——— TR FR G
2 T8, tany; tany 1
plane (- lm%)( P4 r) + 1 +
Intermediate pinion T Ky —cose’y A, ptany A, otan Anpcosyp  A,cCc0sVg
mean epiral angle Wop = =55 e Limit curvature radius Change 7 until % -1=001
Increment in hypoid . ) ¢
dimension f;&oor AK = sing’y(tanwgp — tanyp) For Method 2 Calculate the following
nms{wa —1«} ilnnswa.nina'l

Ratio of pinion mean

radiue increment to ARp  ax
gear mean pitch R " mg
radius
Pinion offset angie in . i ARp
axial plane SmE, = SINEy — Tm'll
- " - sinm
Pinion pitch angle tany tan——'_ztoosdi + tan AZ cosT
Finion offset angle in ., singgcosAZ
pitch plane SINE | = —F5y

- A csinT = rosinT sin{yg - v) -Nm‘l’}'m? — nCosY; COSE'
Change % undl A s 0.001

End of iteration
Fressure angle _ o
concave @ =dtd by = ¢~ o
Pressure angle convex P =0 - ¢y = ¢+,
Crossing point to mean
puint along pinion Zp = AmPany mr-%eéx
axis 1
Gear pitch apex .
beyond crossing z=f__2z
point wnl °F
Outer cone distance Ay = 0sp
o0 _sinl
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HyGEARS Production Control

Correction and RE

| Specify CMM data

5 HyGEARS V 5.0 (C) - EAVB\Dempfiemol441-116-Phoenic HyG [v:5.0.500,00-464]

File  Edit Graphics Window  Display Page  Help

| Correction / Closed LOOIE
Oser 1CA -RE | Mach

| Pin
§ :pzﬂ x | Reverse Engineering |
S =
o v Comr
Qq DMC
| RE.
[ | Gea
374
ég :.:t Heel
QO 7 |mx
U Comr
DMC
|| RE
. I . e S ot 12 -0.0205 fa 01995 0.0038 g3 2 p et 32 _-3 00030 P
4\5\[ \]34 \[25 \16_ \8 \0 \8 \18 \26 fbi 0.05.52 \-\ \4 . \__\3 \2 \D \-1 \2 \-3 \-3 fb 0.0L.15
m A \11 N \w \1? N7 oo LU VI VR VR R R i o oo
\I ._'-12 \ N3 I\ N N43Ct: -0.0169 N \z \2 \0 \-1 \ \ \4 _______ \ 4 i -0.0008
B = v e e e _\u i v N U W A I Y O Can e
[mm] 00513 T e T“"'a"dls --?' T u_ﬂ:«m? [mm] V 3T o Py 13 00196
-%.4‘V""".SD§?'”' A z’_ I ) . / ﬁd —f
Af o Jo J AR o e E A 24 e
O o oy i U A e e Sy i =
00;/—9-5-----%;_,__,5 WA S e Y B i ,é / ﬁ }4 ;4 4 o 00531
. ] I -.-D.T}SZ -0.0158

"""l::urnre!L’-llB-""- -

ThErr: 0.0888

T ConcavetoR—
ThErr: -0,0027

Pinion [Finishing] [Mominal] [Meas.Surface : dema_pl2mes/1]

Gear [Finishing] [Nominal] [Meas.Surface : demoglZBmes/] |

11/12/2021 7:03:25 PM

© Involute Simulation Softwares Inc. 2021




HyGEARS Production Control

Corrective Machine Settings —i.e. Closed Loop - (like Gleason’s GAGE) and Reverse Engineering

CMM data is used to calculate changes in machine settings needed for the actual tooth surface to
match the theoretical tooth surface.

Corrective Machine Settings/RE support:
* I8t order errors: spiral angle, pressure angle, tooth taper;
e 204 order errors: crowning and tooth warp (bias);
* Roughing and Finishing;
« All FM and FH cutting processes, Straight bevel, Coniflex, Spur, Helical and Face gears.

."5 Corrective Machine Settings Pinion - [Finishing] x ."5 Corrective Machine Settings Pinion - [Finishing] X
Order  Machine
[ Actual vs Actual Cutting Changes Order Tooth Flank Selection
]
Targets and Tolerances (O Con-0B :". e
Conicave-0B Convex-1B piral Angle
st Cvx-B
i O L Pressure Angle

Jlooiisckucss o] [ooo00 # 00127 | [ oooo0 B 00127 | O nd ® Con-OB +Cvx-1B

Pressure Angle [dd.mm ss] | 0.00.00 H 0.00.10 | | 0.00.00 H 0.00.10 | [ Middle Row Drop @ bottom: Tooth Thickness
Spiral Angle-[dd mmss] [0 F oot | [oooo0 oot | W L]

. H lterati Machi
T [oo000 | 00015 | [ 0ooo B[ o.o0i5 | Fratons achine
- Masx. # teratio... son 116
Profile Curvature ] [oooo0 F o000 | [ ooom P oomo | = mhere Bzl
Warp Factor [/10 mm]
[00000 0000 | [ 00000 B 00010 | P —
Tooth T: dd.mm.
° aper [dd om.se] | 0.00.00 H 0.00.25 | | 0.00.00 H 0.00.25 | [ Recalc Jacohian each heration [] Maintain Toath Thickness
Maintain Tooth Depth
Apply Reset QK Cancel Apply Resst QK Cancel
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HyGEARS Production Control

CMM Output converted to HyGEARS common format

@3 CMM-Simulation Comparison - Pinion Demo1441-116-Phoenix.HyG >

Geometry Pinion
Displayed Tooth #

CMM File: e \whhygear25\demo \demo_p 12 mes ‘

Apply QK Cancel

HyGEARS tests if the data file 1s of type:

“Ram” / “Rfd”;

o  “QGleason-Zeiss™;

* “Hoeftler”;

e “MdM”;

* “Klingelnberg-P”;
« “GAGE”;

e “Zeiss Gear Pro”;
e “Mitutoyo”;

« “HyGEARS”.

RAM File Name:

Thickness Emor:
RFD File Mames:

Measured Toath Hs:
Output File Mame:

&7 RAM to HyGEARS Conversion - Pinion

|e:'-.'u'b'-hygearZE-'-demo'-demo _pram

[] Create Mominal

] Mimor Image (Punch Mode)
Overall Punch Height 0.0000

0.0000

e \whhygear25hdemo demo_p Rfd
E:*WE\Demo“Demo_p1.4/dE VB
“Demo*Demo_p2 rfd

1.6;

e whhygear2bdemotdemo_p1.mes

Cancel

If not HyGEARS type, then the file
must be converted to the HyGEARS

format
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HyGEARS Production Control

Surface Match Algorithm for Correction / R.E.

The Surface Match algorithm (introduced in 1994) :

— Changes the machine settings of the selected member until the measurement surface
statistics are within given tolerances;

— Uses the sensitivity of the error surface (difference between measurement and simulation)
to chosen control parameters to iterate until the desired tolerances are met;

Toe to Hed hias arar _
Spiral angle aror
Cromning esrr
‘}K_m\e{l}
00017

\'\K \‘k \.k b\:x\*t\“\ b&*\ h‘“\ J\il I\J\
T i s Y N Froseange ancx
0OI7L NN N - Ry - R N R J\-ELU}B

Top

Tee

e S
| A S
ST 7 7T
/777 777

00002 CanecIB Lo

0.200 [mm] Offset change

— Applies a Newton-Raphson based iterative process to solve objective functions.
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Surface Errors

Pressure Angle Error:

i —
3 i "4
J _
Z rowzlyi,j yl,j
b = col=1 ]
J

0B. J \;I.B .

After reaching

Spiral Angle Error: e et s

J —
Z & ¢
i col:]xi,j _'xi,l

\P — row=1 .]

Crowning Error: Afir reachine
Pall the tamat value

FB efore

Zi: (28i,mid _(gi,l +8i,j ))
2

= _— row=l
e -
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Surface Errors

Warp (Bias) Error:

Taper Error:

HyGEARS Production Control

After raching
the tareat valse i _
3 j

J’—!\Ib—tooﬂ'. colemn

\"-__ ~—Hael Column §

row=1 yi,j _yl,j
]
J

. (D — col=1
e Bizfiore
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Correction and RE

HyGEARS Production Control

Corrective Machine Settings (Closed Loop): 15t time -> identify the reference Nominal Summary

."5 Corrective Machine Settings Pinion - [Finishing] x
Tolerance  Order  Machine
Cutting Changes Order Tooth Fank Selection
O Con-OB Al
Spiral Angle
1st Cwx-1B
© O cw Pressure Angle
() 2nd (®) Con-0B +Cvx-IB
Middle Row Tooth Thickness
L Drop @& bottom: EI 5
] Middle Column
H lterations Machine
Max. # lteratio... Gleason 116
Auto Damping
[] Recalc Jacobian each heration [J] Maintain Tooth Thickness
Mairtain Tooth Depth
Apply Bleset OK Cancel

HyGEARS V 3.0 (C) - Corrective Machine Settings

o [C02] The Mominal Summary has not been indentified yet !

Do you wish to consider the Current Geometry Summary, both
in Finishing and Roughing modes, as the Reference Mominal
Surmmary for this gear set 7

¥YES means that the Current Geometry Summary will become
the Reference Mominal Summary and that all future Corrective
Machine Settings will be calculated in reference to this
Mominal Summary.

MO will prevent calculation of the Corrective Machine

Settings since the Mominal Geometry Summary must be
defined beforehand,

Yes Mo
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HyGEARS Production Control

Correction and RE

."5 Corrective Machine Settings Pinion - [Finishing] h4 ."5 Cerrective Machine Settings Pinien - [Finishing]
ce Order | Machine Tolerance |
O Actual vs Actual Cutting Changes Order Toath Flank Selection
Targets and Tolerances O Con0B NI_
Concave-0B Convex-lB ® 1st ) CvxdB ‘EEE'Z!U:'QI:Q'E
T e | 00000 B 00127 | | 00000 P 0027 O 2nd @® Con-OB +Cux-IB
Pressure Angle [dd.mm ss] | 0.00.00 |t| 0.00.10 | | 0.00.00 |1| 0.00.10 | O Middle Row Brop @ battom: EI Tocth Thickness
Spiral Angle:[dtmm ss] [00000 [ 0o010 | [o00000 B 00010 | [] Middle Column
Crowning frm} [00000 [ 00015 | [ 0.0000 R 00015 | F terations Machine
Profile Curvature [mm] | 0.0000 |1| 0.0010 | | 0.0000 H 0.0010 | Max. # feratio. . Gleason 116
s e | 00000 [ 00010 | | 0.0000 P 0.00.10 | e
Tooth Taper [dd.mmss] | 0.00.00 H 0.00.25 | | 0.00.00 H 0.00.25 | [ Recale Jacobian each teration [ Mairtain Tooth Thickness
Maintain Tooth Depth
Apply Blesst QK Cancel Apply Bleset QK Cancel
Tolerance options on target values and tolerances;
Order options on what is to be corrected;
Machine options on control parameters constraints;
Correction calculated changes in machine settings;
Expected Stats what HyGEARS expects after correction;
Errors point by point differences
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HyGEARS Production Control

Correction and RE

."5 Corrective Machine Settings Pinion - [Finishing] > ."5 Corrective Machine Settings Pinien - [Finishing] *
Tolerance  Order Ma Tolerance Order  Machine CU
lst Crder Changes (0.B.) (I.B.) M
Cutter Spindle Angle Machine Root Angle : a.0o0.00 0.00.ao
Oret e v 5 R
Profile Curvature Swiwvel Angle : -0.02.45 -0.04.34
O Blade Curvature Cutter Spindle Angle : a.0o0.0d =0.00.0a0
Pressure Angle ® Offset Decimal Ratio : -0._00108 -0.00282
@ Decimal Ratio Machine Center To Back : -0.0027 0.0000
() Cutter Titt Sliding Base : -0.1020 0.0000
() Blank Offset Blank Offset : [Up] 0.0000 [Up] 0.0000
Blade Engle - 0.00.00 0.00.00
Point Diameter : a.aaad 0.0aad
() Blade Angle Tanth Thirknass - -0 AN w7
< >
Apply Besst OK Cancel Apply Beset Prirt QK Cancel
Tolerance options on target values and tolerances;
Order options on what is to be corrected;
Machine options on control parameters constraints;
Correction calculated changes in machine settings;
Expected Stats what HyGEARS expects after correction;
Errors point by point differences
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HyGEARS Production Control

Correction and RE

&3 Corrective Machine Settings Pinien - [Finishing] * w™ Corrective Machine Settings Pinion - [Finishing] >
Tolerance  Order  Machine  Comection [mm] Tolerance  Order  Machine Comection [mm] Expected Stats |
el
Concave-OB Convex-1B [a3tIzc: L z 3 4 5 £ 7
Tooth Thick [Tooth Root Concawve-CR]
¢ 2=l RN 1 -0.00050 0.00314 0.00067 0.00l08 0.00212-0.00004 0.0011% 0.C
Pressure Angle [dd mm ss] 0007 | 0009 2 -0.00170-0.00150-0.00180-0.00163-0.00168-0.00278-0.00326-0.¢C
) 2 0.00231 0.00007-0.00025-0.0017% 0.00020 0.00065-0.00125 0.C
Spiral Angle [dd mm s5] 00000 00004 4 0.00307 0.00010 0.00152-0.00023-0.00040-0.00078 0.00018 0.C
- 5 0.00241 0.00034-0.00045-0.00175-0.00138 0.00050 0.000€0 0.C
Crowning [mm] oot 000371 (Tooth Tip
Profile Curvature [mm] _ _ 5 -0.004€5-0.00213 0.0003% 0.00128 0.00131 0.002€2 0.00177 0.C
4 -0.00453-0.00213-0.00011 0.00085 0.00070 0.00115-0.0005L 0.C
Warp Factor 10 mm] 00213 00029 3 -0.00443-0.002€5-0.00117-0.00038 0.00000-0.00007-0.00185-0.¢C
= 2 -0.00321-0.00203-0.00140-0.00092-0_000423-0_0012%-0_00239-0_C
L e (e s 680 1 0.00240 0.00125 0.00l€l 0.001l&2 0.000%% 0.00052-0.00110-0.C
Tooth Taper [dd.mm ss] 00| [Tooth Root Convex-IB]
W
< >
Apply Bleset FBrirtt QK Cancel Apply Beset Prirtt QK Cancel
Tolerance options on target values and tolerances;
Order options on what is to be corrected;
Machine options on control parameters constraints;
Correction calculated changes in machine settings;
Expected Stats what HyGEARS expects after correction;
Errors point by point differences
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HyGEARS Production Control

Reverse Engineering (RE)

HyGEARS uses the Surface Match algorithm to Reverse Engineer existing tooth surfaces.

Reverse Engineering is useful to:
— 1dentify the machine settings of existing gear sets for which the summaries are lost;

— analyze existing gear sets and 1dentify the machine settings or provide a reference surface
leading to quietness;

— diagnose the reason for a failure by simulating meshing and load sharing;
— optimize the Stock Distribution;

— use different cutters on a given geometry (Fixed Setting only);

— calibrate mechanical machines to pre-compensate for their inaccuracies;

— etc.
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Starting HyGEARS: Registration

."5 HyGEARS V 5.0 (C) : Registration

Build number\
Data Folders \

lzer Mame : ||F'I5335 enter your NAME.
User Compary : Involute Inc.
User Address : |
HyGEARS V 5.0 (C) >

v

HyGEARS W 5.0: Gear Design, Analysis and Manufacturing
Software

HyGEARS W 5.0 [C) 2021 Involute Simulation Softwares Inc,
1139 des Laurentides
Cuebec, Quebec, Canada, G15-3C2

Warning: This Software is protected by copyright laws. It is
illegal to try to disassemble this Software, or to disable the
USE port security lock,

This Software is licenced for the sole use of:
Claude Gosselin
Involute Inc.
Ouebec, Canada

Build : 5.0.500.0

License expiration: None
Maintenance exp.: None

[Data folder s ENVE]

[Support folder : ChUsers\HyGEA\Documents\HyGEARSA0]
[Tool folder » ChlUsers\HyGEA\Documents\HyGEARS40Y]
[Mly 1P :

Help
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Example: Start HYGEARS for the 1% time

Start HyGEARS

Fill in the Registration form:  your name

your address
Watch the HYyGEARS Copyright screen

Watch the HYyGEARS Parent Window appear in the screen
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Example: Import a Gleason Spa file

Import the Spa file
File->Open
Navigate to the proper folder
Select “Gleason SPA (*.Spa)”
Select “Summary for CNC.spa”
Look at the different display modes
TCA, LTCA, Geometry, etc.

Save the imported geometry
File->Save As

Name: “Summary for CNC.HyG”
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w" HyGEARS V 4.0 (C) - ei\vb\expetek\training files\summary for cnc.hyg [v:4.0.405.90-0] — X
File  Edit  Graphics  Misc  Window  Display Page  Help
Pn P Q & (2l 59 £AB @ Usat ITCA Geometry Loads Stock CMM ComRE Machine
Gea
Bearing Pattern- Gear [Convex-1B] [NoEr] [Finishing] mc=2 59 E=0.00 P=0.00 G=0.00 [rnrn] B:0.034 [mm]/0.132 [deg.]
V-H
E/P
Cvx
HPts
Anim
+- Heel Heel
(Grid
BPat Gear Convex-lB Gear Concave-CB
VHz>
NoEr
COpt Separagon [mm] Separagon [rmm]
NoRs
NoDi
mm
uRad b
Noln Z_a
o \'Ir Y L L
Thick ri 14 p S
T Clearances [mm]
&¢3[uRad] &¢8[uRad] P. Toe: 02882
SumX o- _ 0 P.Heel: 02636
-~ ¥ ™ G. Toe: 0.2257
Summ T - hY G.Hesl: 0.2236
GSum -7Fa0 : -1000 : . “.\
50§ aseo | T — 4
i 0004/ \
II - ) I|
! -4000 — 'l,
|I — |I
- -5000 1 1 1 |
-105.2 -68.7 -34.2 549 594
3 [7] =
[N TR CAPE 1226 PR 2018-01-
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Example: Keyboard Shortcuts

Start MS-Word; Experiment AC (select a Child window: Copy
the Child Window contents to the clipboard) and then Paste
it into Word (V)

Experiment A+ (Zoom In)
Experiment AZ (Center and Fit Display)

Experiment R (Reference frames On/Off) and then
Rotate/Zoom the Tooth Child Window display

Experiment AF (toggle tooth flank)
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Open the Summary for CNC.HyG file
File->Open
Watch the CP-TCA Pre-Defined display

Create a Tooth Child Window
Display -> User

Graphics->Tooth->Tooth

Create a 2D Graph
Graphics->2D Graphs (Click on Ok)
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HyGEARS Toolbar: Graphics Controls

| Light Source Position |
|R|:|tati|:|nal Increment|
[ ooz

| Redraw Display |

| Erase Display |

| Sendto Printer |

| Sendto Clipboard |

|Dpen Geumetrv|

Save Geometry

Pin
Fini

2R 5 |G £

HyGEARRS V 3% (C) - :‘I.‘JB“-.EIEMD".DEM 1441 116-Fhoenp.Hy G/ v 5.
File “Edit “Grapl i indo sp age / Hel
& E

Rotate About Y

Rotate Abou Rotate About X

Child Window J
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Example: Rotation With the Mouse

Experiment the Rotation With the Mouse (left mouse button
depressed) on the Tooth Child Window
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Parent Window: Mouse Behavior

HyGEARS V 5.0 (C) - EAVE\Demo! Demodd 1-116-Phoenix. HyG [v:5.0.500.00-464] - x

6-Phoenéx HyG [v25.0.500.00-264] - *

Fie EM Guphcs Msc Wrdow DeiyPage Heb Fie Bt Guphcs Mac Vindow DeplayPage  Heb
] 2 85 (9 2 ocm : a7

Open )
=" Tooth - Pinion Dema1441-116-Phoenin HyG | == (vH [l ™ Tooth - Pinion Demol441-116-Phoentx HyG [Concave-0B] Pt of Contact - FirsoniGear Domo 1461116 G L loE]
(EP | “Tooth - Pinion Dema1441-116-Phosnic H = EF Tooth - 116 Phaerie Hy [Concave OB [Finishing] [PoC-NeSee) [Firishing) me=2.52 E=0.00 P=0.00 G=0.00 fmm] B:-0.541 mm}/-0.442 [dep]
- Cn
e New Geometry —
0 | Input Existing Summary )
ete | AuteDema =
(xz_| Bt xiz

St e eso S i [ T

e - ur-m
3 i . Messurement Contact Pattem
7 2 Contact Patter (LTCA)
4EAVB\Demo\ 13638 FH.HyG 20 Graph . -
i | Gear_10x42_d 145 K08 Corrhyg TE - Peak to Valley Conkact Patier Developn

Siding Speeds

POC Newtal Fiber

Meshing POC Projection

Ease Off (Composite Toath Mismatch)
J-Facter

6 EAVB PrecisionProducts\13xd0-Cllex-0.793TSm 13540-Chlex-0.79375m yg Complete Sammary.
T EAVB\miniGears\ S04 57\s34-57-ref FinCutfromSPAhyg

8 EAVB\Neugart|16¢72-C rowniflex\CutT-ChM-11Nov2T\ 16xT2- Crawniflex-0. TSmadule-0f0.275-CDist30mm hyg
2-Croveiflex) Cut6-ChM- 150ct21\ 16x72- Crawnillex -0, T5madule-OFf0.275-CDist30mm hyg

B I 88 RE-Asshyg

11 EAVBANeugam 16<72- Crowniflext Cutd-CMIM- 15012 1\ 16xT2-FaceGear-0. T5module hyg
12 EAVB\Newgarty16c72- Crownifex! Cut-CMIM- 15021 16x T2-Crowniflex-0. TSmedule-CircBlade- Of0.15-CDist0mam hyg

NN GEEERE GOCEaHREEE "Raa

171272021 72507 PM

Blank - Firion Demo1441-116-Phaenis, HyG [Cancave-OB] Nominal] 1122021 72707 PM

Left mouse button over grey area: Right mouse button over grey area:

File menu Graphics menu
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Example: Left and Right mouse buttons

Experiment the Left Mouse Button - call the File menu

Experiment the Right Mouse Button - call the Graphics menu
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| Tl:l‘:ltv ]Establis Tog:} ZIII‘I.O\‘ Blank

Differences appear between the drawing and HyGEARS default tooth outlines.

37.483

- 3250 0] -
0. 124001
20£0.1 ¥
Roughing 60, | -
Drive D ——— LR o 0.0l
F iuart 75.711 -'T | 4 i /g E
sce Angle 75 - * —
Pitch Angle 74249 / E'E':":' : i }
Root Angle £3.720 17 i kv
... [Act] B5.683 | lesez) < L
FApxXp -0.138 |," e [ 1
PApxXp 0.000 / - [ |
RApxXp 0.103 / x ) ¥ _ - i 4 I
- el o118 = 3| & | e
- [Act] 1.868 7 f5.100 2= = & = :
Ht 2.208 / 8.538] aof=| M H = =
.. [Act] 2.210 / P 43303 | = = A i S
[mr«.;q 12.000 / 295 1e71] - S I S [4£0. | e
' / ] ) &\ i b fg n
e w pp &
/ Y L%
| I8 14 000] L] =
R _ | T
e | > A
CXp4.277)2.262
Hre-mp 77234 /& 1". = !
Frpoeet g0 \
1700 “
4 D :12.000 . \;:,?
| ﬂ“-j .I'_'I [
Default tooth — as created / imported Requested tooth
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/ / [£502 ] 19
{ i 1
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||l|l
i
/
{ i [
(] Ly “
o
/ 100 il = piy
/ EEG = = = y =
/ F35% = = = :
/ = .r_;_tl -+H )
! B by Wy H
- = f} E [ ==
32.498 31671 l:'.".\ iy
E 57 ) X s
=4 ;
%\ ] .
" LTI
T
/ ?\ %" Blank Definition - Gear [mm)] b
."ll ."l|l ' k
/ I &L
/ / 0000 [ | oooo | L
,f{\
/ /
/ / 1% 32 f
/ ,"f 3 | III NLEE
/ J \ —
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] e )
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Apply QK Cancel
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E le: Establishing a Turned OD

37,483
- 325000
30.7240.01
Roughing l?U:II:I:ﬂl. | *‘.
Drive —— e okl 1y oo
Cozst — I|I [ ( ry | il /‘3 il |.,|
Face Angle 75711 /6500 =Y, I
Pitch Angle 74.249 / I | 1
Root Angle 69.720 T | EECEY P ! el
... [Act] 59.654 [ 4] < T
FApxXp 0.138 / i i /
'I I
PApxXp 0.000 / * o n
PL"*P[;”F 9208 23.200 / S - Rl
I o o 0N 0 enfl = - - iy '
MD 12.000 / ER [#5-109 i e I R ' -~
Ht 2.205 / 43,503 =< o S o =
' / o o e B B L i
[mm] / Fz2.498 31671 Sy I I . -
g ﬁd’" Y - J'!?l
' 2w | #y .‘i;. 3 n
[14.000| 1 1 -
ey | i
— uh
i q:i- 1 R
[Fc.¥p :4.27¢2.262| — |
| /80 \°
=
%
D TR EN el S
1 ﬂ“-j A [
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E le: Establishing a Turned OD — Method 1

Select the Gear Summary Editor: “Gea” function button
1- Set the Back Angle to 90 deg.
2- Click on “Apply”

Roughing
Drive
Coast ]

Fate Angle 75.711 l6.027 [
Pitch Angle 74.249 /=

Root Angle £9.720 |," | [5272
. [Act] §9.657 [ b 37 483
FapxXp -0.128 { 4 - —
PapxXp 0.000 !

RApx¥p 0.108 A - JL . .
- [Act] 0.117 22300 o 1o.n
MO 12.000 .Eaﬁl | [3.550] 30.7240.01
Ht 2.205 ! [#3.850
. / 0+,
[mm] i EEEE |50 3 i |?J::I|J: | L *
o .

Y

He
N
£0.05 =\

)
L

-
==1 =

Taoth
: ; ﬁ'g = r.;.tI
Tooth Hand Right Pitch An 741456 e |l = =y
o iy = L1
Face Width 6.5000 Face ghale 754239 () oy e
a e]
Addendum 0.4610 Roof Angle £5.4313 “ %\

Dedendum 1.7440 [Apexto Xp D0
Add. Angle 12743 F.Apexto ¥p

Ded. Angle 43143
Front Angle 74 14 56

.-
i

@
@35 0540
& 30
iy J—

-y o
L
= |=|
i |

: ¢

hy

0.1078

i 451003 = I 1". s L
FCrown to Xp 47764 /gﬂh \ =

[ Eack Angle 50
\

lﬂpply “ oK “Cancel
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E

le: Establishi

3- Enter the requested OD: 52 [mm]

4- Click on “Apply”

Roughing
Drive
Cosast

Face Angle 75.711
Pitch Angle 74.249
Root Angle 659.720
... [Act] 69.147
Fapx¥p -0.138
PapxXp 0.000

a Turned OD — Method 1

Rapx¥p 0.108 r
... [Act] 0.730
MD 12.000 . b2.001]
Ht 2.555 Ee3g|o1-250]
[mm] [
. EEREE SN
/ ]
L [14.000
Hp 2275855
[ H=
Tooth Blank
Tooth Hand Right Pitch Angle T4 R 56
Face Width 10.8231 Face Angle wp23s L]
Addendum 04610 Root Angle 6943.13
Dedendum 1.7440 P.Apexto Xp LELY
Add. Angle 12743
Ded. Angle 43143
Front Angle 741456
Back Angle 85.55.56 HCrown to Ap 4./2/64

lﬂpph{ H oK ”Cancel

37,483
- S0 3001
30,7200
2001 ¥
160, 1 A 3':|
2
T ]
| o) /
| |
|
i
L SN )
= =N\ =| | ¢°
c:; ::} ?H Z ! =
l."'\-JI L] <§ 2 :H - oy
J-:'s:\ = — = [14£0.| =
- Sl P
L1 I fg I":'lj n
L 5
L] -
| —A
oy
1 | 4
/ﬂ. Vo= 1
g0 VT
/A >§:
71001 (8} N o
| Ed TN et )
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E

le: Establishing a Ta

Toe OD — Method 1

ko

Roughing
Drive
Cosast

Face Angle 75.711
Fitch Angle 74.24%
Root Angle £9.720
... [Act] 69.054
Fapx¥p -0.138
PapxXp 0.000

w Imposed Toe / Heel OD - [mm]

Toe and Heel ODs

(=[5 sl

= e
LA

RapxXp 0.108
... [Act] 0.329
MO 12.000
Ht 2.656
[mm]
Tooth Blank
Tooth Hand Right Pitch Angle 74.14 56
Face Width 10.8062 Face Angle 7h4239
Addendum 0.5708 Root Angle £5.4313
Dedendum 20850 P.Apexto Xp 0.0000
Add. Angle 12743 F.Apexto Xp 01375
Ded. Angle 43143 R.Apexto Xp 0.1078
Frant Angle 741456 Qutside Diameter 51.9995
Back Angle 89.59.56 FCrown to Xp 4 2765

lﬂpply “ oK “Cancel

Outside Diameter 35.105
Face Angle 110
Toe H2
Outside Diameter 38.068 I&H—&l
Face Angle 90 @ﬂ
41 _Toe | #2 -\']'ae
i | [Face Angle]
Outside Diameter 51,9999 0D?1 - Tae - Y
[ Cyopped OD i L
| Apply |’ OK ”Cancel] RE
= -
s, i
[} Farf
L S
|
i [} ,
* A \
iy :-: *_;'r.-\‘ [
-l — L -’J
=l 2| = =
= = = =
=R =1 == r_ﬁ H L] j—;
o I = e Q
> — = [zl e
") i)
o S I - £o 4]
LT Ry oosd
| 46
] | I
| —
v
1 R 4

/5
#

Eo=]

=

"
%
o B

g
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E le: Establishing a Ta

Toe OD- Method 2

\

\
\

l/ = ’[ —

Roughing
Drive
Cosast

Face Angle 75.711
Fitch Angle 74.24%
Root Angle 69.720
... [Act] 69.054
Fapx¥p -0.138
PapxXp 0.000
RapxXp 0.108
... [Act] 0.329
MO 12.000

Ht 2.656

[mm]

7.605

" Blank Definition - Gear [mm] ®
Blank Editor: “Blank” function button (Gear Group)
L0 By gl 00 ] 1- Enter the desired values
- 2- Click on “Apply”
[ %2 ]
Croppeft OD

L 35000
0. 124001
2001 ¥
60 1_, T
|y 0.0l
o« E
Ty i
) N/
o L
1
i i
* I \
il 2 *J/'n\
-l — L y "J
o = - =
'DGI' — r.;_ﬂ ?

L)

oy oo
- ‘S:\\ s

£
@ 38.06
_ @35 10540
@ 30
] J—
- Lo
H_
> =
[ |
- @ 60

oy

8

A
LAl 4

A

=
«L
-
N A
"\t:l i i
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E le: Establishing a Heel OD — Method 1

Pinion Summary Editor: “Pin” function button
1- Click on the check box to the right of the Outside Diameter input field;
2- Enter the desired Cropped OD;
3- Click on “Apply”

Roughing
Drrive

Coast

Fzce Angle 26.269
Pitch Angle 22.036 o
Root Angle 19.449 B : ~

... [Act] 19.445 S -

FApxXp -5.857 el t’/

PApxXp 0.000

RApxkp 4.473

. [Act] 4334 -

H1i7ar
.. [Act] 11.780 \

MO 141.351 A
[mm] \

\ Roughing
. il Di\re
c.Xp 7 4 4 5 Ia 1 Face Angl Sy
! J e T
L 77 4 Root Anzle 19,429
[Xp120454 I oo [r,:\:tej 19 445
- Fipxdp -5.857
o <27
p[;tp 4:3_3?_ " \
T Teeth 7 Oifter CO 328750 A 11782 \
B MD 141381\
Module 586510 Pinion Offset 0.0000 [mm] \
Part # Pitch Diameter 55 7070
Tooth Blank L
Tooth Hand Left Fitch Angle 220210 f0 14136
Face Width 48,9966 Face Angle 261608 [
Addendum 72348 Roat Angle 19.26 58
Dedendum 45120 P.Apexto ¥p 0.0000
v
Add. Angle 41358 FApexto Xp 5.857 /
Ded. Angle 23512 R Apexto ¥p TITS
Front Angle 220210 Outside Diameter [ f108.0000
Back Angle 220210 FCrown to Xp Z5.2070
[ Apply H QK H Cancel
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ry

Example: Establishing a Cropped Heel OD — Method 2

Blank Editor: “Blank” function button (Pinion Group)
(571 | =

1- Click on the Cropped OD check box;

2- Enter the desired Cropped OD;
3- Click on “Apply”

14.500

i
— -
\ '
\ / \
fFeXp: 15901} i ?l | i
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Example: Establishing the Correct Blank

Save your geometry under a different name to be able to compare

HyGEARS V 4.0 @ - e\vb\minigears\11x39 spiralbevel dh\summary for cnc.hyg [v:4.0.405.10-0] =]
Fle Edt Grephics  Misc Display Page  Help
n | X 208 5 FuBEEZ UmTCALTCALmdssm:cmmcM.nr_m
Fini
[ Depth || % Tooth - Pinion [Convex-IE] (*) (52 || & Tooth - Gear [Concave-OE] (*) =]
[Sele |
STEP
RemT
Gea |
Fini 2.2y oL g
Depth
Tl
. Save Geometry
—
T . & miniGears + 1139 SpiralBevel DH » Pl
Tl P
Organize New folder = - '@' b i
. MSDIN9B “  Name D e s
JLeet 5 | CNC issues - GF Mikron 1| 22 || " Blank - Gear [Concave-OB] [Nominal] =5
J Repositories . -
) ) ) || 11:39 SpiralBevel.hyg 24 Roughing
| SpecialOperationsMedicalHandbook e T T . CD"iV; —_— +~
] piralBevel- hyg past —
| SPRO4 . Face Angle 75.711 / ?\
|| 11:39 SpiralBevel-FromSpa.hyg 24 Pitch Angle 74.249
. Sproddre Root Angle §3.720 i
|| summary for cnc.hyg 34 .. [Act] 69.054 /
| Spro63 Fapxp 0.138
PApxXp 0.000 F
RSEls il RAE::-:E_ 0.108 T E05
- ... [Act] 0.22%
J SuperPro - Soft | [MD' 13000 ,ﬁm
J System Volume Information Ht 2.656 _ 5557|51.950]
- [mm] 28,071 m —
. Training Sl . / FL78:2.713
/ l
File name:  11:39-ActBlank.hyg - JL,% j 13650
5 : | HyGEARS 4.0 (*HyG - o ;
ave as type: |Gy (-HyG) ] cXp 5.6(3.528
763
Xp 6.76T
“ Hide Folders [ Save ] ’ Cancel ] WD -12.001
I
| [INE [MURM [CAFPEBD7 PM 314720
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Example: Establishing the Correct Blank

-

a,;" Tooth - Gear [Concave-0E] " Tooth - Gear [Concave-0B]
Tk

C

'H-M Blank - Gear [Concave-0B] [Nominal]

%

a,;" Blank - Gear [Concave-OB] [Nominal]

Roughing Roughing
Drive —— Drive
Cosst —— Coast —
Fece Angle 75.711 500 —— Face Angle 75.711
Pitch Angle 74.245 Pitch Angle 74.24%9 10,24
Root Angle £§9.720 | 6502 | Root Angle £9.720
... [Act] 59054

... [Act] 69.654

FApx¥p -0.138 FApx¥p -0.133

PapxXp 0.000 PApxXp 0.000 4
RApx¥p 0.108 37 605

RapxXp 0.108 23.300) [Act] 0323
- [act] 0148 EEE] f=-10q " Mb 12.000 [F2.00g
Ht 2208 ~fs3.903 Ht 2856 N |
28071 m —
EEEEE .

[mm] [mm]
EL7§1.713

14.000, - j \:llil](ﬂcﬂ

Fc.Xp :5.5{3.928
7563
Xp 6760

0 12,009

ra

Geometry as Created/Imported Geometry as Modified
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Example: Establishing the Correct Blank

Separatjon [mm]

Separatjon [mm]

Separatjon [mm]

Separatjon [mim]

TCA as Created/Imported

4 TCA - Pinion [Concave-OB] [ 52 ||%" TCA - Pinion [Convex-IB] [[52 || [& TCA - Pinion [Concave-OB] [[22 ||& TCA - Pinion [Convex-IB] [=]
3¢8[uRad] Zgo[uRad] gg8[uRad] 8¢S[uRad]
] 0 - — 0 _ ] .
4 d mpl:;l(ﬁ?i “\ 4 ripl: 126 ™ i r-npl:;l.ﬁ."]i " 4 /7 rigl: 128 N
el f/iﬁ R \ -1000 /’/X m\\ 7m0l / /:—’ . \ 2000/ /~ ;ﬁﬂs\
1560 ]/ ' \ 2000 4 f \ asea ] / y \ \ e — / A \ \
230 | X i ‘\‘ "-. -a000 1/ f/ f \ a0 ] / i \‘ \ -s000 ]/ ,rf I \ \
4 |1 _ | 4 [ 1 4/ | | 1
-31z0 4/ }! I-' I| ‘I\ I'I -4000 L \' 8120 4| f | | ‘I\ IlI 4000 | ‘\ \
17 \ i \ \ 4] [ \ i \ \
-3900 L ——1 1 L \ . -5000 N S S \ I | mogn Lt { LA B ‘\1 Lol =000 P S SIS R l‘ o
-’51 414 76 282 535 937 -l030  -885  -340 05 349 £3.4 752 414 FE 26 599 937 -l033  -687 542 0.4 349 694
83 [ = 83 [°] = [°] = 83 [°] =

TCA as Modified

© Involute Simulation Softwares Inc. 2021

.," Bearing Pattern - Gear [Convex-1B] | E3 | ﬁ.‘ Bearing Pattern - Gear [Convex-IB] | 3 |
Bearing Pattern - Gear [Convex-18] [MaEr] [Finishing] mc=2.55 E=0000 P=0.00 G=0.00 [rmm] B:0.044 Bearing Pattern - Gear [Convex-1B][MaEr] [Finishing] rno=255 E=0.00 P=0.00 G=0.00 [rnrn] B:0.044
[rmm]/0.132 [deg.] [mn]f0.132 [deg.]
Heel Heel Heel Heel
Gear Conves-1b Gear Concave-Cb Gear Convex-B Gear Concave-CB
.," Ease Off Surface - Pinion [Concave-0B] | £ | .," Ease Off Surface - Pinion [Convex-1B] | 3 | ﬁ“‘ Ease Off Surface - Pinion [Concave-0B] | 22 | ﬁ" Ease Off Surface - Pinion [Convex-IB] [==2]




Creating a Spiral Bevel/Hypoid gear set (FM)

."5 Mew Geometry Defintion - [rmm] [dd.mrm.ss] >

General Cutter  Units

Mames - Default name Type of Gear | Pinion Tooth Number | Depth Factor
SR Test-1-Spiral-Bevel 4 Spiral Bevel 12 and + 4.000
Directory C\HyGEARS50Data" 11 3.990
Geometry Source File i 10 3.950

Ty SpirBevl Ist o 3.830
8 3.790

T‘,'DES 7 3.670
Geometry Type Spiral-Bevel w 6 3.530
Material AGMA AT > Hypoid 11 and + 4.000
Pinion Tooth Hand Left " 10 3.900

9 3.800
Tooth Taper Standard ~ 8 3.700

Mizc ... 6 3.500
Power [Kw] / Torgue [M-m] 298.40 2848.20
Finion Speed (RPM 1000.00 S

peed (RPN) Pinion Tooth Number | Addendum Factor

Mumber of Teeth [Pinion - Gear] 20 | 1650 (|33

Module/Fitch Diameter 2879 4 (293.007 0 and + 0.170

Gear Tooth Face Width / mn 57.10 6.154343 8 0.150

Shaft Angle 50.00.00 7 0.130

Depth Factor (Gear) 0 AGMA /150 6 0.110
Addendum Factor (Gear) 1] ® AGMA

Clearance Factor 0125 O 150

Impart Mt =2 Cancel
Enabled if geometry

present in memory
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Creating a Spiral Bevel/H

o3 MNew Geometry Definition - [mm] [dd.mm.ss]

General Cutter  Units

Machine

Spiral Angle

Sum Pressure Angles
Stock Allowance [in]
Cutter Diameter [in]
Blade Angle

Profile Curvature fin]
Ref. Height [in]
Blade Edge Rad. [in]
Poirt Width [in]
Mounting Distance

Switches

[] Bal. Strength
[ Sel. TopRem
[] Nao Cutter Tik
[J Mo Gear Tit
Auto Damping

>
(OB) Pinion (IB) (IB) Gear (0OB)
| Phoenix ~ | | Phoenix ~ |
35.00.00
40.00.00
0.006 D.0150
0.0000 0.0000 10.5000
17.5 225 0.00.00 0.00.00
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
139.7 1015
Clear
Pinion Process Gear Process
(® Fixed Setting (® Generated
() Duplex Helical
() Modffied Raoll () Mon Generated
O SimplexT
() Semicompl.{Gen) () Fixed Setting
O Cyelo-Palloid
(O Cyclo-Miling
Impart Next»» Cancel

Gleason Machine Number

16
22
26
102
106
108
116
Phoenix

607
613
631
641

Basic

id gear set

[2

Finishing Process Roughing Process
Fixed Setting Spread Blade
Duplex Helical Spread Blade
Modified Roll Spread Blade
Face Hobbing Face Hobbing
Spread Blade Spread Blade
Formate Plunge cut
Helixform Plunge cut
Simplex-T Spread Blade

Gear Pitch Diameter | Gear Pitch Diameter | Cutter Diameter
[in] [mm] [in]
3.000 - 5.250 75 -135 3.500
3.875-6.750 100 -170 4.500
4.250 - 7.500 110 - 190 5.000
5.125-9.000 130 -230 6.000
5.375-9.375 135 - 240 6.250
6.500-11.250 165 - 285 7.500
7.750 - 13.500 195 - 345 9.000
10.250 - 18.000 260 - 455 12.000
13.750 - 24.000 350-610 16.000
18.000 - 31.500 455 — 800 21.000

Klingelnberg Machine
Number

K-ND (neutral data)

Other Machine Number

603 (no cutter tilt)
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Creating a Spiral Bevel/H

."5 Mew Geometry Definition - [mm)] [dd.rmm.ss] x
General Cutter Units
Blank Data
Pinien Gear

Backlash 0254

FCrown to Xp [0.000 | [0.000

Zero Front Angle O |

Outside Diameter{Heel) 0.000 0.000

Face Angle 0.000 0.000

Root Angle 0.000 0.000

Dedendum Angle 0.000 0.000

Whole Depth () @Mid-F 0 0 /

(®) @Hel
Bore Diameter 0.000 0.000 /
Min Bore to Root @Toe 0.000 0.000
Clear

Units

Linear Units |mm b |

Angular Units |Deg_Min.Sec ~ |

Cutter Units |||-, - |

"
Impart MNext == Cancel

id gear set

/3

| Min.

Bore to Root at Toe |

=+ Bore Diameter

Angular input formats:

22.30.00 <«

22.50
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Creating a Spiral Bevel/Hypoid gear set / 4

Example: 9x37 Generated Spiral Bevel gear set

Gear tooth type: Generated

Pinion tooth type: Generated, Duplex Helical
Pinion Tooth Hand: Left

Gear Face Width: 30% of outer cone distance
Speed ratio: Approximately 4:1

Pinion Speed: 2000 RPM

Available diameter space: About 70 mm (2.75 in)
Power: 1 kW (1.3 HP)
Application: Power tool
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Creating a Spiral Bevel/H

Example: 9x37 Generated Spiral Bevel gear set

Call the File-> New Geometry menu entry — Spiral Bevel

Click on Next >>

id gear set /5

General Cutter  Units

MNames ...
Geometry Name
Directory
Geometry Source File

Types ...
Geometry Type
Material
Finion Tooth Hand
Tooth Taper

Misc ...
Pawer [Kw] / Torque [N-m]
Pinion Speed (RPM)
MNumber of Teeth [Pinion - Gear]
Module,/Fitch Diameter
Gear Tooth Face Width /mn
Shaft Angle
Depth Factor (Gear)
Addendum Factor (Gear)

Clearance Factor

."5 MNew Geometry Definition - [mm] [dd.mm.ss]

[Test-1-Spiral-Bevel

CAHyGEARS50Data"

SpirBevl st

Spiral-Bevel w

AGMA A1 w

Left w

Duplex ~

1 [4.77

2000.00

9 [4111][37

1.825 /  |67.525

0 0.266618

50.00.00

0 AGMA /150

5 ® AGMA

O 150

0

Import MNext >

Cancel
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Creating a Spiral Bevel/H

Example: 9x37 Generated Spiral Bevel gear set

Cutter Data Section:

id gear set /6

Click on Next >>

."5 Mew Geometry Definitien - [mm] [D.dec]

General Cutter  Units

Machine

Bias factor (-10to +10)
Spiral Angle

Sum Pressure Angles
Stock Allowance [in]
Cutter Diameter fin]
Blade Angle

Profile Curvature [in]
Ref. Height [mm]
Blade Edge Rad. fin]
Paint Width [in]
Mourting Distance

Switches

[] Bal. Strength
[] Sel. TopRem
[] No Cutter Titt
[] Mo Gear Titt
Auto Damping

[ Use data asis

{OB) Pinion (IB)

{IB) Gear (OB)

|Phoen'uv: - | |Phoenlx ~ |
0.00
35.0000
40.0000
0.0060 0.0150
274
0.0000 0.0000 0.0000 0.0000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

Finion Process

() Fixed Setting

® Duplex Helical
O Modfied Roll

O SimplexT

() Semi-compl.(Gen)
O Cyclo-Palloid

O Cyclo-Miling

Impart

Clear

Gear Process
® Generated

() Mon Generated
(") Fixed Setting

() Semi-compl {Gen)
() Semi-compl {NonGen)

<<Back Cancel
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Creating a Spiral Bevel/H

Example: 9x37 Generated Spiral Bevel gear set

id gear set

/6

Units Data Section:

Y

h A

3

Min. Bore to Root at Toe |

- -| Bore Diam eter

."5 MNew Geometry Definition - [mm] [dd.mm.ss] >
General Cutter  Units
Blank Data
Pinion Gear
Backlash 0.050{
FCrown to Xp |D.DDD | 0.000
Zero Front Angle Il O
Outside Diameter(Heel) 0.000 0.000
Face Angle 0.000 0.000
Root Angle 0.000 0.000
Dedendum Angle 0.000 0.000
Whole Depth () @Mid-F 0 1]
® @Heel
Baore Diameter 0.000 0.000
Min Bore to Root @Toe 0.000 0.000
Clear
Units
Cutter Units In ~
Impart et = Cancel

&3 New Geometry Report *
| ltem | | Value | |Suggested | | Status |
Pinion M.D. [mm] <=0.000 > 0.000 Modify
Gear M.D. [mm] <=0.000 > 0.000 Modify

Non Gen. «
Gear Process (mg > 3.5) | Spread Blade {Formate) Modify
Cutter Diameter [in] 2750 <2736 Modify
Modify Cancel

Click on Next >>

Click on Ok
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Example: 9x37 Generated Spiral Bevel gear set

&% HyGEARSV 5.0 (C) - EAVB\Test-1-Spiral-Bevel hyg [v:5.0.500.00-464] - X
Fle  Edt Graphice Msc  Window | Display Page | Help
Pin G228 s Y LB E @ Ussr TCA LTCA |Geometry |Loads Stock CMM ComRE Machine
Blank
Depth | Geometry mode: pinion & gear blank and tooth dimensions,
TThi
STEF
DXF
acaL ]
S [ |
Gea
Blank
Depth
TThk
STEP
DXF
BCAL
RemT
Con
e | o i
Face Angle 18.113 Face Angle 77.168
Opp Pitch Angle 13671 Pitch Angl . 3
Root Anzle 12234 Root Angle 71 10424 10423}
.. [Act] 12811
mm FApxXp -0.707
FApxXp 0.000 F4747
DMS Repwxp -1 402 T4z
... [Act] -1.402 7 7 - [Ac ..
B e (10455 Hm 2,781 ST
b e =
It - It -
[act] 3.253 [act] 3.255 P56 213
MD 32.000 = CE¥ER MD 13.000 5 Ec
[mm] CEER R B 14.304 - [mm] B+ T7pas.324
5.26 .
[R¥p 23.757} T =) 741 s
L e OO 7. !
[]MD13.000
1141272021 7:55:23 PM
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Example: 9x37 Generated Spiral Bevel gear set

&% HyGEARS V 5.0 (C) - EAVE\Test-5-Spiral-Bevelhyg [v:5.0.500.00-464]

File

NoRs

Cpp

Edit

v s £yB8E

Graphics

Misc

Display Page  Help

> UmLTCA Geometry Loads Stock CMM Corr-RE  Machine

—_—
Contact Pattern - Gear [Convex-1B] [MoEr] [MaSep] [Finishing] me=2.49 E=0.00 P=0.00 G=0.00 [rm] B:0.049 [rmm]/0.099 [deg.]

Heel

Gear Convex-1B

Gear Concave-0OB

Heel

2gd[uRad] &gi[uRad]

0 0 —

4 /’ Armpl 1982 _ - armplT781
-540 -620

1/ VAR AR R
1080 / \ 120 ;“ \

1 S W W s I A AW
1620 : v 1850 i T

1/ L A A
2160 ] i — \ \ 2480 7 | \ \
2700 ! 1 1 1 II'- 1 1 1 1 -3100 1 1 1 1 I 1 1 1

B -4 3 71 111 -127.3 -86.5 -45.7 -4 358 766

& [ = &[] <

Clearances [mm]
P. Toe: 0.2877
P.Heel: 0.2005
G. Toe: 03103
6. Heel: 0.3104

111272021 8:33:42 PM
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Creating a Spiral Bevel/Hypoid gear set /9

Example: 9x37 Generated Spiral Bevel gear set

Press the S (Save) keyboard combination and agree to the questions asked.

Contact Pattern - Gear [Convex- B [MoEr] [NoSep] [Finishing] mo=2.49 E=0.00 P=0.00 G=0.00 [rmm] B:0.049 [mm]0.099 [deg.]

--—_-----

Heel Heel

Gear Convex-1B Gear Concave-0OB

Contact Pattern Display of the 9x37a.dat Geometry
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Example: 9x37 Generated Spiral Bevel gear set

Click on the GSum function button:

Blank TCA LTCA Gids WC Drive WC Coast

Blank Data
= Pinion Blank

Tocth Loads
= Gear Blank

Strength calculations
Machine Settings - Pinion

- Graphics Summary - Test-1-5piral-Bevel.hyg [mm] [deg] x

- Graphics Summary - Test-1-5piral-Bevel.hyg [mm] [deg] *

LTCA Grds WC Drive WC Coast

Ease Off Surface
BF - TE Nominal

BP - TE Drive Side

- Graphics Summary - Test-1-5piral-Bevel.hyg [mm] [deg] *
Blank  TCA

i Grds  WC Drive 'WC Coast

[] BP - TE Ltca Nominal [] Contact Elements

[] BP - TE Lica Drive [] Firite Strips - Pinion

[ Rough ) [] BP - TE Lica Coast [] Firite Strips - Gear
Machine Settings - Gear 7 150 10300 BF - TE Coast Side
[ Rough
Apphy 0K Cancel Apply Cancel Apply Cancel
&7 Graphics Summary - Test-1-Spiral-Bevel.hyg [mm] [deg] * &3 Graphics Summary - Test-1-Spiral-Bevel.hyg [mm] [deg] *

Blank TCA  LTCA (Grds : WC Drive WC Coast

[] E (Pinion Cffset)
[ P (Pinion Axial)

[ Shaft Angle

[ Mignment

oy Cancel

Blank TCA LTCA Grds | WC Drive} WC Coast

E (Pinion Offset) 0.000 [ Tca
P (Pinion Awxial) 0.000 [ LTCA
G (Gear Axial) 0.000

Shaft Angle 0.000

Alignment 0.000

Pinion Radial 0.000

Gear Radial 0.000

Aoy Cancel
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Creating a Spiral Bevel/Hypoid gear set 11

Example: 9x37 Generated Spiral Bevel gear set

Test-1-Spiral-Bevel hvs

HyGEARS V 5.0 (C) - Spiral-Bevel Geometry Summary
Duplex Helical Pinion [Nominal]
Spread Blade Gear [Nominal]

HYyGEARS V5.0(C) | TI/T23031 - S:01:TE PM | GSumm[0]Test-1-Spiral-Bevel.pdl Page 71
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Creating a Spiral Bevel/H

id gear set /12

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

&2 C.Pattern Development - Gear Convex-1B 4

BF Definition = D-MSett [nm] LTCA E/P

Mean Pairt / Convex-1B

Horizontal Posttion  (50.2
Vertical Position 50.0

FR

PaoC Bias / Convex-1B

(®) Free

() Fixed deg
TE.

(®) Free

(OiFixed (133 2| [uRad]
Ind-3d [ Curvature
Backlash
() Free
(®) Fixed [mm]

Ppply

Prop.

Mean Point / Concave-0B

Horizontal Postion  [51.2
Vertical Position 500

o

PoC Bias / Concave-0B

(®) Free
(O Fixed |52 deg

TE

(®) Free
(O Fixed 129 % | [uRad]

Target Machine

(®) Develop Pinion Machine
() Develop Gear Machine

Reset Print QK Cancel

&3 C.Pattern Development - Gear Convex-1B X

BP Defintion ' D-MSett [nm] LTCA E/P  Prop.

Mean Point / Convex-1B Mean Point / Concav

Herizontal Positio 50 / Horizontal Positi
Vertical Position 50 ; Wertical Position

PolC Bias / Conyex-|B

() Free
(®) Fixed

IE
(®) Free
{JFixed |61 | luRad]
Znd-3d [ Curvature
Backlash Target Maching
() Free {®) Develop Pinion Machine
{®) Fixed [mm] () Develop Gear Machine

ﬂ Aoply Reset || Pt ok || cancel

Contact Pattern - Gear [Conves-|B] [NoEr] [MoSep] [Finishing] me=2.49 £=0.00 P<0.00 G=0.00 [rmrm] B:0.049 [mm]/0.098 [deg.]

C.Patterm Devel oprment Pinion - Gear [Convex-|B] [NoEr] [Nosep] [Roughi ng] me=2.48 E=0.00 P=0.00 G=0.00 [mm] B:0.043 [rmm]/0.095 [deg]

Heel ~—

Gear Convex-1B

Gear Concave-0B

Heel v Heel

Gear Convex-1B Gear Concave-0B
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Creating a Spiral Bevel/H

id gear set

/13

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

ik

" B.Pattern Development - Gear Convex-IB

X5

BF Definition | D-MSett fmm] | LTCA | E/P | Prop. | Links |

Mean Point / Convex-1B Mean Point / Concave-0B
Horizontal Position 50 i Horizontal Posttion 50 %
Vertical Posttion 50.0 L Vertical Posttion 50.0 L

PolC Bias / Convex-1B PolC Bias / Concave-0B

) Free i Free
@ Fixed 25 deg @ Fxed 25 deg
TE. IE
@ Free @ Free
) Feed |71 [uRad @) Feed |53 [uRad
2nd-3d  [T] Curvature
Backlash
) Free
@ Fxed 0052  [mm]
Apply | Reset || Pt || oK | Cancel |

a¢aluRad] / \
0 —

3¢3uRad]
0 — — —
] = Am;?:s?s\ = ] . Ki Ammm\/
\ s 3\ /
-460 S \ -420 /
7 \ N 7 \/\ \,‘
7 ¥ \ B / \
820 4 Y -840 f 2l
il A \ 1 7/ \
{1 \ / \
1380 . L 1260 -/ \
] \ \ \ 4/ / ! ‘ﬂ \ \
\ \ \ \
1640 | \ 4 1650 it \
- \ 4 \
2300 L L L L L -2100 L L L L L \ L
-87 47 72 112 1257 851 144 3 368 775
8 [ 83 []

‘P&M B.Pattern Development - Gear Convex-IB
BP Defintion | D-MSett [mm] | LTCA | E/P | Prop. | Links |

Mean Paint / Convex-1B

Horizontal Postion 50
Vertical Position 50.0

PaC Bias / Convex-lB PaoC Bias / Concave-0B
() Free () Free
@ Feeed 25 deg @ Fieed 25

TE
(7 Free
(@ Fixed

TE

Backlash
) Free
@ Fixed

/7 N\

0.052 [mm]

Mean Point / Concave-OB

% Horizontal Position 50 L
% Vertical Position 50.0 %

deg

[uRad

| Reset || Pt || OK || Cancel |

=)

N—

N\
s@luRad] / \

3¢3[uRad)
i

arnpi-ELs = B - X‘TAmp 5
’\ﬁ\}{ \ -440 - / \ /

330 — .
- r / W \ \I —
/ 7 \ 880

560 / 3 1
/ A\ \ /

a1/ / /A \ \ 7 / / \
1440 4/ s Y 1320 f f

- \ \ -/ {

\ \ I |

1520 ; \ -L7en 1 1 f

] I T - I
2400 | 1 1 | | | \ 2200 | | | | | |

-87 -47 3 73 112 1260 853 446 368 775

& 1 e [
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Creating a Spiral Bevel/H

id gear set /14

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

&3 C.Pattern Development - Gear Convex-|B x

BP Defintion D-MSett fnm] LTCA |

E/P Contral
®m| CoB

Horizontal Position: 50.0 %

Vertical Position: 50.0 %

&3 C.Pattern Development - Gear Convex-|B x

BP Definition D-MSett fjom] LTCA E/F Prop.

E/P Control
®me OoB

orizontal Position: 23N) %

AN

Vertical Position: 50.0 %

Apply Reset Print OK Cancel Apphy Reset Prirt 0K Cancel
C.Pattern Devel opment Pinion - Gear [Convex-IB] [MaEr] [MeSep] [Roughing] mc=2 45 E=0.00 P=0.00 G=0.00 [mm] B:0.043 [rrm]0.097 [deg) Contact Pattern - Gear [Conves-1B] [NoEr] [MoSep] [Finishing] mc=2.50 E=0.19 P=-U‘.x(G=U.UD[mm]B:U 011 [rnrn]/0.021 [deg. ] / ‘
s e Y IR I -
------- S
PN e ————
——————————
_______ H =| .
--------- =
Heel Heel Heel Heel
Gear Convex-1B Gear Concave-0B Gear Convex-1B Gear Concave-0B
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Creating a Spiral Bevel/H

id gear set

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

&3 C.Pattern Development - Gear Convex-1B x

BF Definition

(® BP lica

D-MSett jmm] LTCA  EfP Frop.

20 Graph  Torgue [N-rn] @i O oB

4.8 [N-m][Rozrk/Westinghouse] - Hertz Stress [Mps]

347

260
173
87
]

Apply

<<Back Reset Prirt 0K Cancel

[15

&3 C.Pattern Development - Gear Convex-1B >
BP Definition  D-MSett [nm] LTCA  E/P Prop.
() BP Licd (@ 2D Graph ) Torque [N-m] @B Oos
4.8 [M-m][Feack/Westhfzhouse] - Hertz Stress [Mpa] - Bending Stress [Mpa]
of[Mpa] oP[Mpz] o[Mps]
600 6004 1400
T - T Mz 507
4804 4804 1120 I/”\ LA LA
I T I I |
2404 2404 560 ! )l # \Il)l / Hll
120 H 120+ 280
IS S Y l\‘\ AN
o4 o 0 1 1 1
-B87 33 112
] —=
Apply <zBack Reset Print 0K Cancel
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Creating a Spiral Bevel/H

id gear set /16

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

&3 C.Pattern Development - Gear Convex-IB x
BP Defintion D-MSett [nm] LTCA E/P Frop.
Mean Point / Convex-B Mean Point / Concave-0B
Horizontal Positio Horizontal Position  |50.0 %
Vertical Position Vertical Position 50.0 %
PoC Bias / Conwvex-IB PoC Bias / Concave-0B
() Free () Free
(®) Fixed deg (®) Fixed deg
TE TE
(®) Free (®) Free
O Fixed 81 2| [uRad] OFixed (80 2| [uRad]
2nd-3d [ Curvature
Backlash Target Machine
() Free (®) Develop Pinion Machine
(®) Fixed [mm] () Develop Gear Machine
Apply Reset Print OK Cancel
- | E—
4.8 [N-m][Roark/Westinghouse] - Hertz Stress [Mpa]
~N
1387
1301
1214
Heel 434
347
260
173
87
a
Apply <<Back Reset Prirt QK Cancel

&3 C.Pattern Development - Gear Convex-IB b4

BP Defintion D-M3Sett fnm] LTCA E/F  Prop.

() BP Lica (® 2D Graph  Torque [N-m] @i O os

4 8 [M-m][Roark/Westinghouse] - Hertz Stress [Mpa] - Bending Stress [Mpa]

o5[Mpa] oP[Mpa] =[Mpa]
560 5604 1400

IR S L < W AWAN
b I AV AVAR S
A

7
2244 2244 580 !
1wl wl /NN
112 112 280
o [ 0 1 | 1 1 | 1 |
-87 47 -7 33 73 112
81 ] —=
Apply <<Back Reset Print 0K Cancel

4.8 [N-m[[Roark/\Westinghousa] - Hertz Stress [Mpz]

Apply <<Back Reset Print QK Cancel
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Creating a Spiral Bevel/Hypoid gear set /17

Example: Modifying the CP and TE 9x37 Generated Spiral Bevel gear set

&3 C.Pattern Development - Gear Convex-IB * &3 C.Pattern Development - Gear Convex-1B >
BP Definition : D-MSett fmm] Prop. B Definiion | D-MSett [nm]{ 1TCA E/P Prop.
C.Pattern Development {0.B.) (I.B. M Rate of Roll : -0.01552 A
Cradle Zngle : -0.0571
Radial Distance - -0.0025 Blade AZngle : 00000 a.000
Cutter Tilt : -2.8085 Average Diameter : 0.0000
Swivel Engle : -0.0571 Point Width : 0.0000
Blank Offset H 0.0000
Hachine Root Angle - 1.8453 Modified Roll
2Cc : —0.o0z2
Machine Center To Back : 0.0435 €D : -0.097
Sliding Base H 0.8€33 24E : -0.1%8
1za0F : 0.5950
Rate of Roll H -0.01552
Cradle Zngle : -0.0571 Helical Motion
1st : -0.3%¢
Elade Angle o 0.oo00 0.00o
Lverage Diameter : 0.0000
Doint Width H 0.0000
W L
£ > < >
Apply <<Back Reset Print QK Cancel Apply <<Back Reset Print QK Cancel

Click on Ok to keep the changes
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Creating a Spiral Bevel/Hypoid gear set /18

Example: 9x37 Non-Generated Spiral Bevel gear set

Gear tooth type: Non-Generated

Pinion tooth type: Generated, Duplex Helical
Pinion Tooth Hand: Left

Gear Face Width: 30% of outer cone distance
Speed ratio: Approximately 4:1

Pinion Speed: 2000 RPM

Available diameter space: About 70mm (2.75 in)
Power: 1 kW (1.3 HP)
Application: Power tool

© Involute Simulation Softwares Inc. 2021




Creating a Spiral Bevel/Hypoid gear set /19

Example: 9x37 Non-Generated Spiral Bevel gear set

Call the File-> New Geometry menu entry — Spiral Bevel

o Mew Geometry Definition - [rmm] [D.dec] X
General Cutter Units

MNames ...
Geometry Name Test-1-Spiral-Bevel
Directory EVE
Geometry Source File SpirBewl Ist

Types ...
Geometry Type Spiral-Bevel v
Material AGMA A-1 ~
Pinion Tooth Hand Left ~
Tooth Taper Duplex w

Misc ...
Power [Kw] / Torgue [M-m] 1.00 |4.?F’
Pinion Speed (RPM) 2000.00
Number of Teeth [Pinion - Gear] ) | 4111 | 7
Module/Pitch Diameter 1.825000 ! 67.5250
Gear Tooth Face Width / mn 0.000 127071
Shaft Angle 50.0000
Depth Factor (Gear) 3330 PRI EE
Addendum Factor (Gear) 0.159 ® AcMA
Clearance Factor 0.125 L

MNext = Cancel
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Creating a Spiral Bevel/H

id gear set

Example: 9x37 Non-Generated Spiral Bevel gear set

Machine

Bias factor (-10to +10)
Spiral Angle

Sum Pressure Angles
Stock Allowance [in]
Cutter Diameter [in]
Blade Angle

Profile Curvature [in]
Ref. Height [in]
Blade Edae Rad. [in]
Pairt Width [in]
Mounting Distance

Switches

[] Bal. Strength
[] Sel. TepRem
[] Ne Cutter Tit

Auta Damping

[] Usedata asis

General Cutter  Unis

."5 Mew Geometry Definition - [mm] [D.dec]

(OB) Pinion (IB)

*

(IB) Gear (OB)

|Phoen'uc ~ | |Phoen'u: v |

0.00

35.0000

40.0000

0.0060 0.006

27500

0.0000 0.0000 0.0000 0.0000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.0000 0.0000 0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

Pinion Process

() Fixed Setting

(® Duplex Helical
() Modified Roll

O SimplexT

() Semi-compl {Gen)
O Cyclo-Palloid

O Cyclo-Miling

Clear

Gear Process
() Generated

(@) MNon Generated

() Fixed Setting

Cancel

Click on Next >> twice and Ok

/20

&3 New Geometry Report X
| [tem | | WValue | |Suggested | | Status |
Pinion M.D. [mm] <= 0.000 > 0.000 Modify
Gear M.D. [mm] <=0.000 > 0.000 Modify
Cutter Diameter [in] 2750 <2736 Modify

Modify || Cancel

© Involute Simulation Softwares Inc. 2021




Creating a Spiral Bevel/H

Example: 9x37 Non-Generated Spiral Bevel gear set

ear set /21

&5 HyGEARS V 5.0 (C) - E\VE\Test-2-Spiral-Bevel.hyg [v:5.0.500.00-464]
Fle — Edit Graphics Misc  Window  Display Page  Help

Fin a2 U s Y L QB E & @ Usr TCA LTCA | Geometry |Loads Stock CMM CorrRE Machine
Blank:

Depth
hk
STEP
DXF
BCAL 0.147mm]
0.527fmm]
Gea @
Blank
Depth
hk
STEP
DXF
BCAL
Cwx
HPts
Opp
Drive Drive
Coast Coast —
mm Face Angle 20537 Face Angle 77.627 +
Pitch Angle 13.671 Pitch Angle 76.32% & *
DMS || Rect Angle 12283 Root Anzle £9.470 0428 10037
... [Act] 12365 ... [Act] £3.482 -
FApx¥p -4.137 FApx¥p -0.284
PApxip 0.000 PApxXp 0.000
SumX Répxip -0.144 Répxip 1.233 5
. [Aet] 0.144 . [Aet] 1.233 4
Summ Hm 2.758 Hm 2782 Ty
.. [Act] 2.778 .. [Act] 2775 J ==
GSum Ht 3512 Ht 3527 FeE B56.244067.756)
... [Act] 3513 :
WD 13.000 1913
[mm] 047 357[g 45 424
R.Xp 23,783 o=t 705 — Tont
FoB 10.67E[F ! X
1D :38.000 Fodp 54533 67

[R%p 72370 7.517
CXp:7.717
VD :13.000]

1112/2021 10:10:37 FM
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Creating a Spiral Bevel/Hypoid gear set /22

Example: 9x37 Non-Generated Spiral Bevel gear set

& HyGEARS V 5.0 (C) - EA\VB\Test-2-Spiral-Bevel.hyg [v:5.0.500.00-464]

File
Pin
Gea

V-H
E/P
Cux
HPis
Anim
+/-
Grid
BPat
VHz>
NoEr
Opt
NoRs
NoDi
Opp

mm
DMS
uRad
Noln
Thick

Sum

Summ

GSum |

50|

Edit  Graphics  Misc  Window  Display Page  Help

LS9 2B E

P> UsarLTCA Geometry Loads Stock CMM Cor-RE  Machine

—
Contact Pattern - Gear [Corvex-1B] [NoEr] [Nosep] [Finishing] me=2.51 E=0.00 P=0.00 G=0.00 [mm] B:0.050 [mrm /0,099 [deg. |

Gear Convex-1B

Gear Concave-0B

¢d[uRad]
o

] - %mp% \
620

1-240 ] / \ / \ \

wo] kN

ot IV A A AN
\

5100 1 1 1 1 T 1

Clearances [mm]

8¢3[uRad] P. Tos: D.2785
i P.Heel: 0.2747

I AAY AN ERCHE
_680_ f.a"f / \ / \ \
-1360 ,I .
-20407 'III / \\ \ \
A
-2720 v
e TR 'i_ - \ - \

-1252 -84.5 437

11/12/2021 10:11:05 FM
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Creating a Coniflex Bevel gear set

."5 MNew Geometry Definition - [mm] [D.dec]

General Cutter  LUnits

Names ...
Geometry Name
Directory
Geometry Source File

Types ...
Geometry Type
Material
Pinion Taooth Hand
Tooth Taper

Misc ...
Power [Kw] / Torgue [MN-m]
Pinion Speed (RPM)
MNumber of Teeth [Pinian - Gear]
Module/Pitch Diameter
Gear Tooth Face Width / mn
Shaft Angle
Depth Factor (Gear)
Addendum Factor (Gear)
Clearance Factor
TE [uRad]

Test-1-Coniflex

E:AVB

Coniflex Ist

Coniflex

AGMA A1

Right

|Standard

1.00 /)/ff
4500.00

32 1.000 |[32
3.000000 / |96.0000
0.000 255000
90,0000

> 0000 AGMA /150
5000 ® AGMA
7350 O 150

[}

Import <<Back Cancel

_ [Specdatio

Pinion Tooth Number | Depth Factor
12 and + 2.000
11 1.995
10 1.975
9 1.940
8 1.900
7 1.835
6 1.752
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Creating a Coniflex Bevel gear set / 2

."s MNew Geometry Definition - [mm] [D.dec] *

General Cutter  Units

Pinion Gear

Machine Gleason 104 ~

Pressure Angle (Oper.) 20.000
Pressure Angle 20.0000
Dish Angle (Beta) 0.5000
Poirt Diameter - [mm] 125.0000
Poirt Width 0.2000 0.2000
Blade Edge Radius 0.1500 0.1500
Back Angle 23.0000
Blade Thickness 4.0000

Clear

Switches Gear Process
[] Bal. Strength (®) Generated

) Non Generated

Aute Damping

[] Usedataasis

Import <<Back || Nexts> Cancel

le
Point Width \Z\

Back Angle

1

Point Diameter 1

1

i

Dish Angle \
1

\ ;
r'y ;

i

‘ Blade Thickness !

1

i

i

‘ Coniflex Cutter ‘ !
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Creating a Coniflex Bevel gear set/ 3

."5 Mew Geometry Definition - [mm] [D.dec] *

General Cutter  Units

Blank Data
Pinion Gear
Backlash 0.1000
FCrown to Xp |D_DDD | 0.000
Zero Front Angle | 1
Outside Diameter(Heel) 0.000 0.000 /
Face Angle 0.000 0.000 *
Root Angle 0.000 0.000 h 4
Dedendum Angle 0.000 0.000 * T
Whole Depth () @Mid-F 0.000 0.000 .
e / ‘ Min. Bore to Root at Toe ‘
Bore Diameter 0.000 0.000 / I - '@@
Min Bore to Root @Toe 0.000 D.000
Clear v
Units
Linear Units mm w
A
Cutter Units mm ~

Angular input formats:

Import <<Back || MNext>> Cancel 22,30,00 <:> 22.50
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ting a Coniflex Bevel gear set / 4

- HyGEARS V 5.0 (C) - EAVB\Test-1-Coniflex.hyg [v:5.0.300.00-464] — X
Fle Edt Graphics Misc  Window  Display Page Help
i G20 s £ VE B <% User TCA LTCA |Geometry | Loads | Stock CMM CorRE Machine
Blank
Depth | Loads mede: Axial Radial and Tangent loads on the teeth.
TThi
STEP
BCAL
Gea
Blank
Depth
TThk
STEP
DXF
BCAL
Left
HPts
Opp
Drive —— Drive ——
Coast —— P
— Face Angle 48.162 Face Angle 48.162
Pitch Angle 45.000 Pitch Angle 45.000
DMS | ||Root Angle 41313 Roat Angle 41.313
.. [act] 41328 e .. [act] 41327 5036
FApxXp -0.854 (20356} A FApxXp -0.854 [ 20386} . i
SumX PAgxXp 0.000 L PApxXp 0.000 —
hcd 0320 7552 4 el 0313 AL
Summ " Hm 5746 4 - " Hm 5746
GSum .. [Act] 5746 ... [Act] 5746 L
Ht &.858 Ht &.858
.. [Act] 6.858 ez 3740 100407 .. [act] 858 52 5740100407
[MD] 55.000 (2249 Eeoss—— [MD] 55.000 12149 50532
[mm] 7001 o [mm] 7001075 7o al
35400 35.400)
—{Fc.xu:sngj—J- His 173 Fe.Xp 32.195 —Hi5.17
22.505 R.¥p :35.355) 3
AT ag 8 18340
I 0]
I T |
11/13/2021 9:23:45 PM

© Involute Simulation Softwares Inc. 2021




Creating a Coniflex Bevel gear set/ S

Point Diameter

¥ HyGEARS V 5.0 (C) - EAVB\Test-1-Coniflex.hyg [v:5.0.500.00-464]

Right
#HPts

/-
Grid
BPat
NoEr
Opt
NoRs

Edt  Graphics

N A Y=

Misc ~ Window  Display Page  Help

<> UsnI.TCA Geometry Loads Stock CMM Com-RE Machine

Blade Angle
Cutter Tilt

Paint Width
Blade Edge Radius [] Forged

e
ContactPattern - Gear [Right] [MoEr] [NoSep] [Finishing] mec=1.61 E=0.00 P=0.00 G=0.00 [rrn] B:0.100 [rmm]/0.140 [deg. ]

Gear Right Gear Left

Cutter Edge

Radius of circular edge
Reference Height

Dish Angle (Beta)
Back Angle

Blade Thickness

."5 Pinion [Coniflex] [Finishing][Mominal] Test-1-Coniflex.hyg - [mm] [D.dec] e

Blank Cutter Machine HiOrder Other Operating Rim-Materal Bearings Nbolm

Ofnl @ [mm]

Apply QK Cancel

3¢8[uRad) &g¢5[uRad]
i i
7 /\ 7 N 7 / /\ 7
116 116
- / 2\ Avpl:um \ - / A )& A}mpl 1471
232 232 { A
AW AW
% A 0 A W W | Y A ALV W
- \ - \
-464 1 1 — ¥ \\ -464 f T \.,II v |L\
_530_ I I I I I I I I _530_ I I I I I I I I
343 217 01 a4 16.0 286 286 160 34 91 217 34.3
83 [7] =- 83 [ -~

Clearances [mm]

P. Toe
P.He=l
G. Toe
G. Hezl

: 0.48687
: 04855
© 0.4867
© 04855

11/13/2021 9:24:11 PM
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Creating a Coniflex Bevel gear set/ 6

."5 Mew Geometry Definition - [mm] [D.dec]

General Cutter  Units

Machine

Pressure Angle (Oper.)
Pressure Angle

Dish Angle (Beta)
Point Diameter - [mm]
Point Width

Blade Edge Radius
Back Angle

Blade Thickness

Switches
[ Bal. Strength

Auto Damping

[] Use data asis

Pinion

Gleason 104 ~

20.000

20.0000
2.000
125.0000

0.1500
23.0000
4.0000

Import

Clear

Gear

0.2000

0.1500

Gear Process
(® Generated

(O Non Generated

<<Back

Net >

Cancel

le
Point Width \z\ ‘

Back Angle

.
Point Diameter 1
1
i
Dish Angle \
1
\ ;
Y ;
1
‘ Blade Thickness !

1
Coniflex Cutter ‘ :
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Creating a Coniflex Bevel gear set/ 7

."5 Pinion [Coniflex] [Finishing][MNominal] Test-8-Coniflex.hyg - [mm] [D.dec] *

Blank Cut'ter Machine HiOrder Other Operating Rim-Material Bearings )\rbolm

Ol ® [mm]
"'S HyGEARS V 5.0 () - EAVE\Test-8-Coniflex.hyg [v:5.0.500.00-464] Point Diameter
File  Edt Graphicz  Mise  Window  Display Page  Help Blade Angle
s Cutter Tilt
Pin a2 g £ R B @ User TCA Geometry Loads Siock CMM Cor-RE Machine et Vi
Gea
Contact Pattern - Gear [Risht] [MoFr] [MoSep] [Finishing] me=1.80 E=0.00 P=0.00 G=0.00 [rm] B:0.100 [rmm]/0.140 [deg. | Blade Edge Radius [] Forged
_l Cutter Edge
E/P Radius of circular edge
Right Reference Height
#Pis Dish Angle (Beta)
Aim Back Angle
+- Blade Thickness
Grid
BPat Gear Right Gear Left
MNoEr
Opt || Cancel |
MNoRs
Opp pog
mm
DMS
uRad
Noln
Thick
Tca
Clearances [mm]
sumX | sea[uRad] 8luRad] P Tos: 0.4g56
0 i] F.Heel: 04579
o N / G. Tos: 0.4385
GSum T / T G. Heel: 0.4581
-110 \ -110
u i / )\ }‘TDI:BSS \. - / )\ /K &kmpl:139.0
n -220 / / \ / \ \\ -220 v
N . / \ Y AWAN
wl N ol
-340 / / \ 440 ! ’II
o] 1 1 1 1 1 1 1 550 1 1 1 1 1 1 1 1
-34.2 -7 81 34 160 285 -85 -lan 3.4 9. 217 342
83 [7] = & [ -+
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Creating a Coniflex Bevel gear set/ 8

-“5 MNew Geometry Definition - [mm] [D.dec]

General  Cutter  Units

MNames ...
Geometry Name Test-10-Coniflex
Directory E:\VB
Geometry Source File Conifles Jst|
Types ...
Geometry Type Coniflex w
Material AGMA A1 w

Pinion Tooth Hand

Right \

Tooth Taper [tandard ) v
Misc ...

Power [Ki] / Torque [N-m] 1.00 [2.12 |

Pinion Speed (RFM) 4500.00

Mumber of Teeth [Pinion - Gear] 32 | 1.000 ||32

Module,/Pitch Diameter 3000000 S |56.0000

Gear Tooth Face Width / mn 0.000 2.55000

Shaft Angle 50.0000

Depth Factor (Gear) 20000 AGMA /150

Addendum Factor (Gear) 0.5000 ® Acmr

Clearance Factor 0.1250 O 150

TE [uRad] i}

Import

<<Back Cancel

& Mew Geometry Definition - [mm] [D.dec] X
General Cutter  Units

Mames ...
Geometry Name Test-10-Coniflex
Directory EAVE
Geometry Source File Coniflex lst

Types ...
Geometry Type o
Material ~
Pinion Tooth Hand
Tooth Taper ~ |

Misc ...
Power [Kw] / Torque [N-m] [212 |
Pinion Speed (RPM})
Mumber of Teeth [Finion - Gear] 32 | 1.000 [(32
Module/Pitch Diameter 3.000000 /£ |96.0000
Gear Tocth Face Width / mn 0.000 2.55000
Shaft Angle 50.0000
Depth Factor (Gear) 2.0000 AGMA /150
Addendum Factor (Gear) 0.5000 ® acma
Clearance Factor 0.1250 O 150
TE [uRad] 0

Import <<Back |§ Mext>> Cancel

58[uRad]
o

/\ seEluRad]
o

-110

A
A&

=220

-330

-840

-224

-550

I L I L I L I L 260 I L L L I L L

285

218 91 34 158 283 283 -158 -34 o 21 215 340
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Creating a Spur gear set

."5 Mew Geometry Definition - [rm] [dd.mm.ss]

Gereral Cutter Unis

MNames ...
Geometry Mame
Directory
Geometry Source Fil

Types ...
Geometry Type
Material
Finion Tooth Hand
Epicyclic Gear

Misc ...
Power [Kw] / Torgue [N-m]
Pinion Speed (RPM)
MNumber of Teeth [Finion - Gear]
Module/Pitch Diameter
Gear Tocth Face Width
MNumber of Planets
Backlash
Shaft Angle

[Test-2-Spur-Helical [Ext]

E:VE

ExtSpur st

Spur-Helical [Ext]

AGMA A1

Left

Mo

135 [1238€

1000 V'

20 [1.700][34

508 /172720
254 Input Plane

0 (®) Nomal Plane

0.0000 () Transv. Plane

0.0000

Import Next =

Cancel

[

."5 Mew Geometry Definition - [rm] [dd.mm.ss] X
General
Pinion Gear
Crown Speed (RPM) 0
Helix Angle ]
Pressure Angle 20.0000
X Factor 0.0000 0.0000
Addendum Factor 1.000 1.000
Dedendum Factor 1.250 1.250
Fillet Factor 0.250 0.250
Root Diameter [mm] 0.0000 0.0000
Tip Diameter [mm] 0.0000 0.0000
TIF Diameter [mm] 0.0000 0.0000
Center Distance [mm] 0.0000
Clear
Switches
[] P. Len. Crown.
G. Len. Crown.
[] P. Profile Crown.
[] G. Profile Crown.
Import Next = Cancel
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ting a Spur gear set / 2

J L N

.."5 HyGEARS V 5.0 (C) - EAVETest-2-Spur-Helical [Ext].hyg [v:5.0.500.00-464] — X

Fle Edit Graphics Misc  Window  Display Page Help

Pin el s g LB E <@ User TCA LTCA | Geometry |Loads | Deviations CMM ComRE Machine

Firii

Blank

TThk | Loads mode: Axial Radial and Tangent loads on the teeth, i

STEP |

DXF

BCAL

Gea

Firii

Blank

TThk

STER

DXF

BCAL

Right

HPts

Opp #Teeth 20 #Teeth 34

F. Width 25.400 F. Width 25.400

F. Width/Tip 25.400 F. Width/Tip 25.400

= Prof. Shift 0.000 Prof. Shift 0.000

Dec Addendum 5.080 Addendum 5.081
Dedendum 6328 Dedendum 6.342
Wh._Depth 11.418 Wh. Depth 11.423

SumX Hx. Angle 0.000 Hx. Angle 0.000

[mm] [mm]
Summ
GS5um T—

T

11/14/2021 7:35:49 PM
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earset/3

."5 HyGEARS V 5.0 (C) - EA\VE\Test-2-Spur-Helical [Ext].hyg [v:3.0.500.00-464] — X

Fle  Edt Graphics Misc  Window

Fin

e 5 [ f%@ UwLTCAGemﬁyLmﬂsDeviaﬁmCL\MCnmR.EMmhim

Display Page  Help

C)?factPattern - GEar[REh{][NDEr] [MoSep] [Finishing] me=1.62 B:0.000 [rnrm]A0.000 [deg]

NoRs
NoDi
Opp

mm

Dec
uRad
Moln
Thick

Rodjus.

v Heel Heel

Gear Left Gear Right

Clearances [mm]
P. Toe: 1.2592

P.Heel: 1.2592

. . G Toe: 12623

8g[uRad] ae3luRad] G.Heel: 12624
00 00
40 40
80 80
120 120
-160 -16.0

200 I ! I ! I I I I I 200 I I I I I I
-38.6 218 46 12, 25 465 465 295 125 46 216 T
& 7] = 83 [7] -
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Creating a Spur gear set / 4

."5 Pinion [Spur-Helical [Ext]] [Finishing][Mominal] Test-2-Spur-Helical [Extlhyg ... >

Blank Cutter Cutter Edge Machine Other

Profile Relief
() Diameter + Value

(®) Edge + Angle
() P.Angle + Value

Relief Order
Tooth Addendum Relief Start
Tooth Addendum Relief Angle

Relief Order
Tooth Dedendum Relief Start
Tooth Dedendum Relief Angle

Tooth Addendum Relief Start
Tooth Addendum Relief Angle

Relief Order
Tooth Dedendum Relief Start
Tooth Dedendum Relief Angle

Cancel

- Aoply || OK

."5 Pinion [Spur-Helical [Ext]] [Finishing][Mominal] Test-2-Spur-Helical [Extlhyg ... >

Operating Rim-Material Bearings A + | » Blank Cutter Cutter Edge Machine Other Operating Rim-Material Bearings A/« | »
@ [in] O [mm] @ [in] O [mm]
Profile Relief
() Diameter + Value
(®) Edge + Angle
() P.Angle + Value
Right Left Right
Relief Order 1 - |

Fpply

OK

Cancel

Heel
Gear Left

s4sluRad]
o

Heel

Gear Left

sedluRad]
a
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Creating a Spur gear set/ 5

."5 Gear [Spur-Helical [Ext]] [Finishing][Mominal] Test-2-5pur-Helical [Ext].hyg - ...

Blank Cutter Cutter Edge Machine Other

Oper. C. Digtance

X Factor

Generating Pitch Dia.

Tool Center Distance
Tooth Crowning
Crowning Type
Crowning Order

Distance to Edge

O i}

Operating  Rim-Material Bearngs Af 4

® [mm]

Right

37.1600

D000

Left

172.720000

*

."5 Gear [Spur-Helical [Ext]] [Finishing][Nominal] Test-2-5pur-Helical [Extl.hyg - .. X

Blank Cutier Cutter Edge Machine Other Operating Rim-Materal Bearngs A |+

Cinl @ [m]
Left Right

o)
Sreciss”

Oper. C. Distance
X Factor
Generating Pitch Dia.

Tool Center Distance

Tooth Crowning

Crowning Type

Crowning Order

Distance to Edge

Heel

Gear Right

Facewidth
«—Distance o
Edge
Apply 0K Cancel Crowning | l Apply oK Cancel
! Topland
3e8[uRad] /_\ 343[uRad]
; : o VAN
T 7 /’ A‘T L9 1[ipad ] / / A\nyglluﬁad]
28 [ L/ ! 26 L !
i I.' Jf | | ] l I ] I
| | I | | |
-256 - - 252 1 1
] I I ] | \ I
330 || 'I -376 || I
[
J I \ | b | \
512 | | . 504 ‘ :
] \_ Heel ] ./
.640 1 1 1 1 1 1 1 n 1 -530 1 1 i i 1 1 1
-3 213 43 127 97 467 383 -2l3  -43 127 7 467
83 [ Gear Right & [
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Creatin

a Helical gear set

e " /f”

L 3
.“\‘ ."A

%
5
_:d

»
&../
(]
'T,_. o)

-
TAAANY

."5 Mew Geometry Definition - [mm)] [dd.mm.ss]

General Cutter  Units

Names ...
Geometry Name
Directory
Geometry Source File

Types ...
Geometry Type
Material
Pinion Tooth Hand
Epicyclic Gear

Misc ...
Power [Kw] / Torque [M-m]
Pinion Speed (RPM)
MNumber of Teeth [Pinion - Gear]
Module/Pitch Diameter
Gear Tooth Face Width
Number of Planets
Backlash
Shaft Angle

A
*

[Test-4-Spur-Helical [Ex]
EMVE

Ext Spur lst
Spur-Helical [Ext] / v
AGMA A1 / ~

Left /

Mo / e

13.50 EX:d
1000.00 yd
20 [f:700][34
5.080000 /£ |199.440
25400 / Input Plane

) ® Nommal Plane

0.0000 \ () Transv. Plane

o.0000 )

Import <<Back || Mext>> Cancel

Gear ratio

."s Mew Geometry Definition - [rmm] [dd.mm.ss] X
General Cutter  Units
Pinion Gear

peed (RPM)
Helix Angle
X Factor 0.0000 0.0000
Addendum Factor 1.000 1.000
Dedendum Factor 1.250 1.250
Fillet Factor 0.250 0.250
Root Diameter [mm] 0.0000 0.0000
Tip Diameter [mm] 0.0000 0.0000
TIF Diameter [mm] 0.0000 0.0000
Center Distance [mm] 0.0000

Clear
Switches
[] P. Len. Crown
O
[] P. Profile Crown.
[] G. Profile Crown.
Import <<Back || MNext>> Cancel
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Creating a Helical gear set / 2

&% HyGEARS V 5.0 (C) - EAVE\Test-1-Spur-Helical [Extl.hyg [v:5.0.500.00-464]

Fle Edit Graphics Misc  Window  Display Page  Help

N s ¢ £ BB

LTCA Geometry Loads Dewiations CMM Corr-RE Machine

| Gea | —
}ﬂtactpattem - Gemm] [MaEr] [MoSep] [Finishing] mo=2 17 B:0.001 [ram]/0.001 [deg]
V-H
Right
HPts

Heel

Gear Right

Heel

MNoRs Gear Left

MNoDi
Opp

mm
DMS
uRad
Maln
Thick

SumX Clearances [mm]

Summ P. Tos: 12643
. P.Heel: 12639
G Toe: 12621

s@[ul;ad] W[“Eadl G.Hesl: 12612

wml NN wl L NN
wl [ wl Y
o AN AN N N | A A T

=3 I I I I I I I I ] I I I I I I I I I
-437 -248 -S4 137 328 520 -520 -328 -157 : 54 246 437
-1}

11/14/2021 8:37:28 PM

© Involute Simulation Softwares Inc. 2021




Creating a Face gear set

."5 Mew Geometry Definition - [mm)] [D.dec]

General  Cutter Units

MNames ...
Geometry Mame
Directony
Geometry Source File

Types ...
Geometry Type
Material
Pinion Tooth Hand

Misc: ...
Power [Kw] / Tonque [N-m]
Pinion Speed (RPM)
MNumber of Teeth [Finion - Gear]
Madule/Pitch Diameter
Gear Tooth Face Width
Pinion Cffset
Backlash
Mumber of Teeth (Shaper)
X Factor (Shaper)
Contact Pesttion 0.2% -> 0.75

Test-5-Face Gear

E:\WB

Facegearlst

Face Gear

AGMA A

Left

375.00

[223785
1600.00 »

14 3.85?‘| 54

5.000000 / |270.0000

30,000
0.0000
0.0000
15.0
0.465
0.50

Import <<Back

Next>> :

Cancel

| Gear ratio

."5 Mew Geometry Definition - [rmm] [D.dec]

General Cuﬂer Units

Shaft Angle

Helix Angle

Pressure Angle

X Factor

Addendum Factor
Dedendum Factor
Fillet Factor

Minor Diameter [mm]
Major Diameter [mm]
Center Distance [mm]

FC ¥p [mm]

Switches

[] Use data asis

Pinion

50.0000

0.0000

20.0000

0.4650

1.0000

1.2500

0.2500

0.0000

0.0000

0.0000

Import

Crown Gear

P,
(LALLL

1.0000
1.2500
0.2000
0.0000

Clear

<Back Next>>

Cancel
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ting a gear set /2

& HyGEARS V 5.0 (C) - EAVB\Test-5-Face Gear.hyg [v:5.0.500.00-464]
File — Edt Graphics Msc  Window  Display Page  Help
Pn ! ) @f%EQUmLTCAGMMMCWCM-REm

w2
Gea
Contact Pattern - Gear [Right] [MoEr] [MoSep] [Finishing] me=1.35 B:0.000 [rmm]/0.000 [deg)

i

V-H
Right
HPts
Anim
+-
Grid

Heel Heel

Opt Gear Right Gear Left
MNoRs
NoDi

Opp

mm
DMS
uRad
MNoln
Thick

SumX.

Summ

Clearances [mm]

GSum || zg3[uRad] 3¢3[uRad] P. Toe: 0.6500
oo 0.0 F.Heel: 0.6500

-40 -4

-8.0 -8.0

-12.0 -120

-16.0 -160

291 S04 504 -291 79 345 55.8

133
83 [*] -

11/14/2021 5:01:08 PM
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ting a Face gear set/ 3

Gear [FRinishing] - Face Gear

#Teeth 54
F. Width 30.000
Frof. Shift 0.000
Addendum 5.589
Dedendum 5.586
Wh. Depth 11175
Hx. Angle 0.000
[Toe Pitch Dia. 259.524
Toe Tip Dia. 238.783
[mm]

Misc

# Teeth 54
Module 5.00000
Tooth

Tooth Hand Right

Face Width

Addendum Factor 1.1178
Dedendum Factor 11172
Fillet Factor 0.2000
Shaft Angle 90.0000

Fort Ane
Back e

&® Gear [Face Gear] [Finishing][Mominal] Test-3-Face Gear.hyg - [mm] [D.dec] *

Blank Cutter Machine Other Operating Rim-Material Bearngs Abor  Links

Ol @ [om]
Fitch Diameter
Pinion Cffset 0.0000
Shatt Angle 90.000
Blank

Minor Diameter NNN
Major Diameter E

Addendum 5338
Dedendum 5.5859
Lead Angle 50.0000
Lead / rev 99999.9990

Ruled Suface []

OK Cancel

&3 Gear [Face Gear] [Finishing][Meminal] Test-3-Face Gear.hyg - [mm)] [D.dec] x

’“B.'.EﬂkECLmer Machine Other Operating Rim-Material Bearngs Aor  Links

Gear [Fnishing] - Face Gear Ol @ fmm]
Misc

# Teeth 54 Pitch Diameter 295 0287
Module 5.00000 Finion Offset 0.0000

Part # l:l Shaft Angle 90.000
Tooth Blank.

Tooth Hand Right Minor Diameter

Face Width Major Diameter

Addendum Factor 11178 Addendum

Dedendum Factar 11172 Dedendum 5.6859
Fillet Factar 0.2000 Lead Angle 50.0000
Shaft Angle 50.0000 Lead / rev 55999.9550

Front Angle PXp 373250

#Teeth 54
F. Width 30.000
Prof. Shift 0.000

Addendum  5.589
Dedendum 5.586 C¥p 31738 -
Wh. Depth 11.175
Hx. Angle 0.000

[foe Pitch Dia. 262.532 i
Toe Tip Dia. 254.442

[mm] =
AN
1 I4'&0

Back Angle Ruled Suface []
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Creating a Beveloid gear set

."5 MNew Geometry Definition - [mm] [D.dec] E ."5 MNew Geometry Definition - [mm] [D.dec] >
General Cutter Units General
Names ... Planet Gear
Geometry Name Test-1-Beveloid [Ext]
Directary EAVB
Geometry Source File Beveloid Jst N Crown Speed (RPM) D
Types ... :;Ieli: ﬂng:zn l 2500000
ressune 3 0000
Geometry Type Beveloid [Ext] v g 20.
X Factor 0.0000 0.0000
Material AlSI 4140 v
- Addendum Factor 1.000 / 1.000
PFinion Tooth Hand Right ~ Dedendum Factor 250 1.250
Cutting Method Plunging Taol ~ - Fillet Factor 0.250 0.250
- | | |
/_ Root Diameter [mm] 0.0000 0.0000
Misc ... - Tip Diameter [mm] 0.0000 0.0000
Power [Kw] / Tarque [N-m] 747,620 /.eﬁ 9959 | Center Distance ] 0000
PFinion Speed (RPM) 20.00
Mumber of Teeth [Finion - Gear] 35 0.836 | 31 =
Medule/Pitch Diameter 1.800000 ! 558000 =
Gear Tooth Face Width 20.000 Input Plane Switches
Mumber of Planets 0 (® MNomal Plane [] P. Len. Crown.
Backlash 0.0000 (O Transv. Plane ] G. Len. Crown.
Clagb Ll cocoos [] P. Profile Crown.
Pitch Angle [Pinion - Gear] 0.0000 7.0000 | [] G. Profile Crown.
\—Cffsat 20000
Import <<Back Next== Cancel Impart <<Back Cancel
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Creating a Beveloid gear set / 2

File
Fin

NoRs

Opp

Edi  Graphics

e A2 )8 25 @ g‘kée UwLTCAGenmkyLmdsDeviaﬁnmCWCmr—R_EMmbim

Window

Display Page

Help

¥ HyGEARS V 5.0 (C) - E\VB\Test-1-Beveloid [Ext].hyg [v:5.0.500.00-464]

——
Contact Patern - Gear [Right] [NoEr] [MoSep] [Fini shing] me=3.40 B:0.000 [rirm 0,001 [deg)

Gear Left

Heel Heel

Gear Right

Separation fmm]

rrrr?

Clearances [mm]

P. Toe: 1.0430

348[uRad]
o P.Heel: 0.5759

3¢8[uRad]
0 .
p 1020 — W : | Toe: 10828
) VAV A . 7 V| e | s
-160 -156 / i \
A W ) A
-320 / ! ! -312 ! / L\ |
_ .'I | - / / | \ \
-4a0 / / / \ -463 ! - !
_ / f ! - | I | || \ \
| | |
640 { 624 .'I [ [ 1 !
-a00 1 1 1 1 1 780 1 1 I 1 1 1 1 1 1
408 258 106 4! 196 47 -306 173 -40 92 25 B3
83 [ = 83 [F] -+

1141442021 10:00:25 PM
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ting a Beveloid gear set/ 3

&% HyGEARS V 5.0 (C) - E\VB\Test-1-Beveloid [Ext].hyg [v:5.0.500.00-464]

File  Edt Graphics Misc  Window  Display Page  Help

i ) ) R E B & @ Usr TCA LTCA |Geometry | Loads Deviations CMM CorRE Machine
Fini

Blank

TThk

STEP

-

Left
HPts
Opp #Teeth 35 #Teeth 31
F. Width 20.000 F. Width 20.000 20.000;
129995
F. Width/Tip 20.000 Prof. Shift 0.000 I
L Prof. Shift 0.000 Addendum  1.800 _I
DMS Addendum 1.200 Dedendum 2.261 +3 5
Dedendum 2.218 Wh. Depth 4.062 ;
Wh.Depth 4.018 - Hx. Angle 25.000 1
SumX Hx. Angle 25066 — Base Dia. 57.855
Summ el ] by
GSum \
~— 606
B62.731] E@ r3
955[F57 129
[EEXE
\ [EEEEE|
‘ \
\
\

11/14/2021 10:01:33 PM
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Creating a Beveloid gear set / 4

."5 Pinion [Beveloid [Ext]] [Finishing][Mominal] Test-1-Beveloid [Extl.hyg - [mm] ... X

Cutter Edge Machine Other Operating Rim-Material Bearings A 4 |+

Ol @ fmm]

Helix Angle 25.0659 N
Blade Angle 23.0805 17.1747 >
B.Edge Rad. 0.4965 04565 A
Blade Thickness 82743

Addendum 1.52330

Dedendum 1.80000

Cutter Type Rack

# Teeth 17

Pitch Diameter 93,7634

Outside Diameter 37,6100

X Factor 0.0000

Apply QK Cancel

."5 Gear [Beveloid [Ext]] [Finishing][Mominal] Test-1-Beveloid [Extl.hyg - [mm] [.. X

Blank Cutter Cutter Edge Machine Other Operating Rim-Material Bearings A+ | »

Ol ® fmm]

&3 Pinion [Beveloid [Ext]] [Finishing][Mominal] Test-1-Beveloid [Extl.hyg - [mm] .. X

Blank Cutter Cutter Edge Machine Other Operating Rim-Materal Bearngs A/ 1]+

Ol @ fmm]
Profile Relief
() Diameter + Value
(® Edge + Angle
(O P.Angle + Value
Left Right

Relief Order

<]

2 ]
oo

Tooth Addendum Relief Start
Tooth Addendum Relief Angle

Relief Order B <] 2 <]

Tooth Dedendum Relief Start
Tooth Dedendum Relief Angle

Apply QK Cancel

Helix Angle [5.0000

Blade Angle 20.0000 20.0000 >

B.Edge Rad. 0.4965 0.4565

Blade Thickness 82743

Addendum 1.52330

Dedendum 1.30000

Cutter Type Rack

H Teeth 17

Pitch Diameter 13 7634

QOutside Diameter 37,6100

X Factor 0.0000

Apply QK Cancel

&3 Gear [Beveloid [Ext]] [Finishing][Mominal] Test-1-Beveloid [Extl.hyg - [mm] [.. X

Blank Cutter Cutter Edge Machine Other Operating Rim-Material Bearings A+ |»

O n] ® [mm]

Profile Relief

(") Diameter + Value
(®) Edge + Angle
(O P.Angle + Value

Relief Order
Tooth Addendum Relief Start
Tooth Addendum Relief Angle

Relief Order

Tooth Dedendum Relief Start
Tooth Dedendum Relief Angle

Apply QK Cancel
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Creating a Straight Bevel gear set

In HyGEARS, Straight-Bevel gear Blank shapes come in 2 flavors:

* “Differential” they usually forged or injection molded; the Front
angle is zero degree; TE can be larger such as to be more tolerant.

« “Standard” where the Front angle equals the pitch angle; TE can
be lesser, such as to be quieter.

Both variants can be cut on a 5 Axis CNC machine using:
* a Conical Side Milling Tool (or CoSIMT),

e an End Mill or

e a Ball Mill.
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Creating a Straight Bevel gear set

."5 Mew Geometry Definition - [mm] [D.dec]

General Cutter  Units

Names ...
Geometry Name
Directory
Geometry Source File

Types ...
Geometry Type
Material
Finion Tooth Hand
Tooth Taper

Misc ...
Power [Kw] / Torque [N-m]
Pinion Speed (RPM)

MNumber of Teeth [Pinion - Gear]

Module/Pitch Diameter
Gear Tooth Face Width / mn
Shaft Angle

Depth Factor (Gear)
Addendum Factor (Gear)

Clearance Factor

Test-1-Straight Bevel [Generated]

E:VEB

StraBevlGen st

Straig}'w&.ua:aiﬂ]\ ~

AGMA A1 >
Right i
Standard ~

— Ear ratio |

298.40 [#as20 |
1000.00

13 [1.308][17
3.400000 ¢/ [57.8000
10.000 293273
50.0000

0 AGMA /150

5 ® AGMA

5 O 150

Import «<Back Mext ==

Cancel

."5 Mew Geometry Definition - [mm] [D.dec]

General Units

T. Emor (uRad)
Helix Angle
Pressure Angle
Crowning [mm]/ Sfmm]
Thickness @ Mid-Face
Thickness @ Heel
Edge Radius [mm]

Switches

[] Bal. Strength
[] Differential Gears
Develop Geom.

[] Use data asis

Pinion

0.0000

0.0000

0.000

Import

Gear

0.00331
0.0000
0.0000
0.000

Clear

(Gear Process
(@) Generated

() Non Generated

<<Back || Mext>> Cancel
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Creating a “Differential” Straight Bevel gear set

."5 MNew Geometry Definition - [rmm] [D.dec]

General Cutter Units

Blank Data

Backlash

FCrown to ¥p

Zero Front Angle

Cutside Diameter{Heel)

Face Angle

Foot Angle

Dedendum Angle

Whole Depth (7 @Mid-F
® @Heel

Bore Diameter

Min Bore to Root @Toe

Units
Linear Linits
Angular Units
Cutter Units

Pinion Gear
0.1
[coo0 | [o.000
[l ]
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
Clear
mm e

Decimal -

mm

Import

<<Back

o

Next>>

/

Cancel

Click on Next >>

and Ok

&3 New Geometry Report s
| ltem | | Value | | Suggested | | Status |
E e e
Face Width [mm] 10.000 <9.095 Modify

Modify || Cancel

© Involute Simulation Softwares Inc. 2021




HyGEARS V 4.0 © - C:\HVGEARS40Data\Test-1-Straight Bevel (Generated).hyg [v:4.0.405.00-0] =]
Fle  Edit Graphics Misc  Window  Display Page  Help
Pin A QX S Y 2 B B ae UwLTCAGemtryLnadsMndiﬁwﬁnmCWCmr—REMmhim
Gea
" Bearing Pattern - Gear [Right] [#3a] | & Full Model - Pinion&Gear [Left] =]
[ V-H ] Bearing Pattern - Gear [Right] [NoEr] [Finishing] moc=1 .53 E=0.00 P=0.00 G=0.00 [rmr] 80093
or [mm]/0.211 [deg.]
Left
#Pts '
Anim I\ 020 SRS ) A
+- o
m Heel
BPat Gear Right Gear Left
4 Ease Off Surface - Pinion [Right] | 2 || Ease Off Surface - Pinion [Left] =]

HE8 B 18E
N Ed - o g

5

0

il

=]

o
[Ts]
c
=

Separatjon [mm]

Separatjon [mim]

1 |

v4
AT :'_'lg

Iy

¥

AT

% TCA - Pinion [Right] [ 22 || 4™ TCA - Pinion [Left] [ 22 || %™ Path of Contact - Pinion&Gear [Left] [ |
Clearances [mm]
gga[uRad] ggi[uRad] P. Toe: 0.5424
i 0 P. Hezl: 0.5425
T / \ /“\ f\\ ] N /’\\ G. Toe: 0.5570
-420 ’ - -420 y N G.Hesl! 0.5575
77 VvV V ) I/ Vv VY )
Bl f { ampl 585 0 1 Bl f ] ampl 2550
4 | \Armpl: 858, \ i / \ / mpl: 859
-1260 \ | fl'ul I'SJ? )I/ -1260 In' /I".I I-'\ Il
= \ / \ 4 \
-1660 ."\L'. M \ -1680 / / - / \ A
4 | f \ | \ | b | i \ |'I \ |
_2100 il i i L T | i i il _2100 il i i i i i i i
651 -415 -179 56 292 528 528 -292 56 179 415 651
83 [*] = 83 7] >

IR

MU | CAPEZ 557 PM [3/5/20
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ﬁ" Mew Geometry Definition - [mm] [dd.mm.ss]

| General | Cutter | Unis |

Names ...
Geometry Name
Directony
Geometry Source File

Types ...
Geometry Type
Material
Pinion Tooth Hand
Tooth Taper

Misc ...
Power [Kw] / Torque [N-m]
Pinion Speed (RPM)
Number of Teeth [ Pinion - Gear ]
Module/Pitch Diameter
Gear Tooth Face Width
Shaft Angle
Depth Factor (Gear)
Addendum Factor (Gear)

(Clearance Factor

Test-2-Straight Bevel (Generated)
CHMHYGEARS40Data"
StraBeviGen Ist E]

Standard

10.50 D22
1000.00

13 17
3.400000 /  57.8000
10.000
90.00.00
2.0000
0.2100
0.1000

AGMA /150
9 AGMA
1SO

Click on Next >>

and Ok

ﬁ" Mew Geometry Definition - [mm] [dd.mm.ss] @
Pinion Gear
T. Emor uRad) ]
Helix Angle 0.00.00
Pressure Angle 20.00.00
ﬁ" Mew Geometry Definition - [mm] [dd.mm.ss] @
General | Cutter | Units
Blank Data
Pinicn Gear
Backlash
FC.Xp
Zero Front Angle
Outside Diameten{Heel)
Face Angle
Root Angle 0.000 0.000
Dedendum Angle 0.000 0.000
Whole Depth @Mid-F 0.000 0.000
@ @Heel
Bore Diameter 0.000 0.000
Min Bore to Root & Toe 0.000 0.000
Linits
Linear Units mm -
Angular Units Deg.Min.Sec -
Cutter Units In -
[ Import ” <<Back H Mend == H Cancel ]
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& HyGEARS V 5.0 (C) - E\VB\Test-1-Straight Bevel [Generated].hyg [+5.0.500.00-464]

Fle  Edt Graphics Misc  Window  Display Page  Help

Ll s ) £ % B E e UsuLTCAGmhyLmDeviaﬁumCWCmt-REMmm

Gea

Contact Pattern - Gear [Left] [MoEr] [NoSep] [Finishing] mc=1.62 E=0.00 P=0.00 G=0.00 [rrn] B:0.102 [rmm]/0.234 [deg ]

V-H

E/P

BPat Heel Gear Right Gear Left Heel

NoEr
Opt
NoRs
NoDi
Opp

mm
DMS
uRad
Noln
Thick

Tea
Clearances [mm]

SumX | 5g8[uRad] 3¢8[uRad] P. Toe: D.1848
0 o P.Hzzl: 0.1847

= . </ ™ L i
gl 1 /(Y NI s A

N AN | e I A A A W
S Y e e e e W O S Y A VYA W

2400 L L L L L 2400 L L ! L
-855 -415 -17.4 L] 307 547 -54.7 -307 -6.8

[
[
| —

11/14/2021 10:15:01 PM
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Universal 5 Axis CnC Post-Processing

Tooth — M/C -> Cutting Machine Child Window -> 5 Axis CNC manufacturing

Overview:

HyGEARS integrates a 5Axis Post-Processor that can generate CnC part programs to cut any HyGEARS
supported gear type on any 5 Axis CnC machine.

The part programs, based on the exact tooth definition, need no further intervention and can be uploaded
directly to any 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 supports machine architectures of “BA”, “BC”, “AB” and “AC” 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

Specific machines with special kinematics 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.
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Universal 5 Axis CnC Post-Processing

Main features of the Post-Processor:

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

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

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

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

» offers 10 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 roughing / multi-pass semi-finishing and finishing for CoSIMT, End Mill and Ball Mill tools;

* allows the generation of a 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 gears,

* allows the creation of “Processes” which are a series of “Operations’ in a given order,; Processes can thus
generate a complete single file part program including roughing and semi-finishing of the tooth flank and fillet
using different tools.

Part Programs:

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

* can include or exclude comments describing the 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.
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Universal 5 Axis CnC Post-Processing

A-C machine architecture:
» X, Y, Z translations (on the tool and/or work piece)
» Tilting Turntable about X axis: angle A
» Rotation about work axis: angle C
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Universal 5 Axis CnC Post-Processing

A-B machine architecture:

» X, Y, Z translations (on the tool and/or work piece)
» Tilting Turntable about Y axis: angle B
» Rotation about work axis: angle A
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Universal 5 Axis CnC Post-Processing

B-C machine architecture:
» X, Y, Z translations (on the tool and/or work piece)
» Tilting Tool about Y axis: angle B
» Rotation about work axis: angle C
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Universal 5 Axis CnC Post-Processin

B-A machine architecture:

» X, Y, Z translations (on the tool and/or work piece)
» Swiveling Tool about X axis:  angle A
» Tilting Tool about Y axis: angle B

3
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Universal 5 Axis CnC Post-Processing

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 3, 4, 5 Axis 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
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.
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Universal 5 Axis CnC Post-Processin

Interface: Several Tabs display different options and information

Expected Cycle Time

breakdown

Expected Surface Quality
metrics

Machine — Tool - Display

selection

Cutting Cycle - Output

selection

Workpiece Support
definition

Tool definition

Machine ection

"B-C" [Type M]
5 Axis CnC "AC" [Type F]
(0 5 Auds CnC "A-B" [Type F]
(O 5 Ads CnC "B-A" TType T]

(®) Specific Machine

S SAxis - Pinicn [Finishing]\§30—15—001-hz/g - [mV
/Machineﬁnol Cycle Cycling Time/Fower Abor End Mil Operation Procegs

|INDEKG.'22I} [MSP]

Mew Edit Delete List

Compensation
Apex Location 0.0000
Alignment Angle 0.0000

Machining Telerance  |0.0127

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

Save

Output e Anim Ok

>
Cuting Tool \
[] Face Mill Cutter
] CoSIMT

End Mill

(] Ball Mil .

] Probe [CMM]

Display

Display Limits Wamings
[] Display Machine Head
[] Display Abor

[] Display T.Table

[] Display Target Grid
Dizplay Tool Path

[] Display Section

[] Lock on Tool

|:| Detect Gouging

4‘ ] Display Waming
[] Workpiece is Fixed

[] Display Labels

Cancel

Expected Stock
distribution

Process definition

Operation definition
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Universal 5 Axis CnC Post-Processin

Machine/Tool: Machine and Tool selection; display options

Machines are optional;
* Generic type
* Specific type

Apex Location: used in
“Machine” coordinates

Cycle  Cycling Time/Power Arbor

Machine Selection

() 3 Myis CnC

() 4 Pxis CnC

(0) 5 Axis CnC "B-C" [Type M]
(2 5 Axis CnC "AL" [Type P]
() 5 Axis CnC "A-B" [Type P]
() B Ayis CnC "B-A" [Type T]

(®) Specific Machine

=

|DMF 260 HTLC B-[Inv]

%" Shxis CnC - Gear [Finishing] 66809736400 16x39_m6,3173.HyG - [mm]

Ball Mill Operation Process Stock

/ﬁing Tool

[ CoSIMT | ‘

[1 End Mil
[ Invert wark
Ball Mill

New Edit Delete
\Cnnpensdion
Apex Location 0.0000
Alignment Angle 0.0000

(®) Tool Center Point [TCP]
() Absolute
() Differential

QPmbe [ChMmM]

Dysplay
(:l Display Machine Head

Display Arbor

[] Display T.Table

[] Display Target Grid

Display Toal Path

[] Display Section

Lock on Tool

[] Detect Gouging
QWorkpiece is Fixed

/
S

Cutting Tools are

optional; they are user
defined.

Display switches control
what is shown on screen..

Output - == Ok

Cancel
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Universal 5 Axis CnC Post-Processing

Machine/Tool: The Apex Location is used in Machine coordinates to compensate for turntable tilt

Workpiece Apex

‘ Workpiece |

| Waorkpiece Support |

| Machine Pivot |

‘ Machine Zero plane |
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Universal 5 Axis CnC Post-Processin

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.

Machine/ Tool

Cycling Time/Power Arbor

Output Format

] C5V Format
[] Line Numbers

Include Operation Switches

=

%" Shxis CnC - Gear [Finishing] 66809736400 16x38_m6,3173.HyG - [mm]

Ball Mill Operation Process Stock

X

Stock-Feed

[Regd. Sugg.

Actual |

H Steps

25

W

Stat 0

[] Steps

et 20 | Taep

Pe

Targeted tooth region:
 Fillet,

* Flank,

* Combined,

* Chamfering

Include Short Header e
Include Start Posttions - 0.0000 d
Explicit Indexi Constart D-Radi
gwopr;m;e:;ng onstant D-Radis L1 o e om0 |2 i
\ [] Coordinates Cnly SeiadE D'D ® Const
\ Work Coordinates Clearance [mm] ' Indexi
[] Traori (Siemens) 2.000 Skip # f‘ Start Gap
@ Haas Horizon / 4,000 Miror [ End Gap ‘
ing Cycle \
—
T \
() Fillet-Root 0.00
O Tooth Fank 0.000
(O Combined '\
Depth 0.700
82::&:2:' End | o A. [45.000
{® Chamfer Heel Pivat A. 45&5& /
Qutput +- Anim Ok 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
» Start Gap =1
* End Gap =7

Distributed about one
central tooth gap

Tool movement types
during cutting cycle
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Universal 5 Axis CnC Post-Processing

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

Profile-wise Steps

Considered Tooth flank

o 5h - Gear [Finishing] v001047-Grind.hyg - [mm] (=)

| Machine/Toal | Cycle yRldirics | Cycling Time | Amor | End Mil | Operation | Process | Stock |

Stepping Dimensions

FinishinggConcave-0B [Toel]l [mm]
StiE;/g{ct—Width Step-Depth Tot.Depth Flat-Width Peak-Prof. Ramp-Ang.

m

Step by step breakdown

[Tpfth Tip Diameter] /|
arting Depth: 0.5103
12 7.5081 0.5103 1.0207 0.5557 0.0005 -
.1l084 0.5102 1.5210 0.5533 0.0005 -
.7131 0.5103 Z.0413 0.5521 0.0005 -
1.5310
Z.0413
Finishing Concave-0B [Heel] [mm]

Step# Slot-Width Step-Depth Tot_Depth Flat-Width Peak-Prof. Ramp-ing.

[Tooth Tip Diameter]

Starting Depth: 1.12z23 ~h|
1>Z 11.4178 1.12z23 2.Z2447 1.2427 0.001z2 0.glos
/2}3 10.52Z17 1.12z23 3.3870 1.2372 0.0013 0.&1l08
34 S_g482 1.1223 44354 1.2315 0.0014 0.8108
Total : 2.3e70
Tnding Depth 44834 Peak-Prof.

Finishing Conwvex-IB [Toe] [mm]
Stepf Slot-Width Step-Depth Tot.Depth Flat-Width Peak—-Prof. Ramp-Ang. -

| oput || Apply || +~ || Anm || ok || cancel |
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Universal 5 Axis CnC Post-Processing

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

Length-wise Steps

Considered Tooth flank

Step by step breakdown

[

_/’

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

| Machins>Fagl | Cycle | Metrics | Cycling Time | Abor | End Mil | Operation | Process | Stock |

Stepping Dimensions

X3

Finishing Concave-0B [mm]

, Point#

Flat Length Flat-

Prof.
\

[Toel
a1
1xZ
Z»3
3x4
4x5
S>8
ex>7
=1
8>3

2>10
1011
11>12

2>13
1314
14>15
15>1&
1817
17>18
18>15

=1 oy @ W
=]

(=]

=1 oG

Lo I

QxR R RY R RXORX R R R R ORY R R
[ex)
o
o
o

]
L]
[E4)
w
[ e e e e s R s e s e s s s s Y =

Lowput [ soy J[ -+ ]|

Q20&5

0085

a0&&

d0&&

0o&e7

0087 |
00&s =
00&es

a0&3

0089

aa7ao

a071

a071

aa72

a073

0074 Flat-Prof.
aa75

0075

a07&

anm || ok || cancel |
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Universal 5 Axis CnC Post-Processing

Cycling Time: Flank by flank operation Cycling time breakdown

Concave Tooth Flank

Convex Tooth flank

Complete Cycle

Tool Feeds & Speeds

« \5Axis CnC - Gear [Finishing] 66809736400 16x39_m6,3173.HyG - [mm] ==
| Ma‘@hine;"TooI I Cycle I Metrics | Cycling Time |Arbor I End Wil I Operation I Process I Stock |
Cytle Times
__________________________________________________________ "
| Cyecling Time
Concave-0B
Line: 3.98 [sec]
Face: 33.32Z [=zec]
Plunge/Betract: 0.28 [sec]
Return: 2.50 [sec]
\ Flank: 42.98 [sec]
Convex-IB
Line: 3.96 [sec]
Face: 35.85 [=ec]
Plunge/Retract: 0.28 [secl
Return: 2.43 [sec”
\ Flank: 4231 [=zec]
Totzal/Slot: 85.89 [sec]
Indexing: 0.82 [sec]
§ Slots: 339
Operation: 5€.26 [miml]
Cutting Feed: S00.00 [mm/min]
Plunge Feed: 1500.00 [mm/min]
Rapid Move Feed: 2000.00 [mm/min]
Tool REM: 1200.00
[output [ Aoy ||+ |[ Aom || ok | cancel |

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
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Universal 5 Axis CnC Post-Processin

Arbor: Blank supports on the machine.

Work body between Heel | = \— |
S8z CnC - G Finishing] 66809736400 16:39_mb, 3173 - -FH
arbor and Heel fillet c car [Fint=hing] - /5 - ()
|\1E|d1ine,-"|'oo| I Cycle | Metrics I Cycling Time |.Pu'bor
Details
Length Diz \
Work Back
Cutting iachine Cnk [UItrx (G- 51 emens]] Gear(Fini shing][Nominal] - Concee06
0.00 0.00 | peM N
0.00 0.00
Heel arbor definition \\ 0.00 0.00
Heel
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
Toe
/ 0.00 0.00
— V¥
Toe arbor definition 0.0 000
0.00 0.00

Output
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Universal 5 Axis CnC Post-Processing

Tools: HyGEARS offers 6 different tools:  Face Mill cutter (spiral bevel, Zerol, hypoid gears)
Dish cutter (Coniflex™ gears)
CoSIMT (all gear types)
End Mill (all gear types)
Ball Mill (all gear types)
Probe (CMM) (all gear types, for measurement)

" 5fuis CnC - Gear [Finishing] 11:39 SpiralBevel-520D.hyg - [mm] ==

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

Machine Selection Cutting Tool

©) 3 s CnC

ey m Face Mill Cutter *
) 5 fuis CnC "B-C" [Type M] ] CoSIMT | ‘
") 5 Mg CnC AL [Type P]

() 5 Axis CnC "A-B" [Type P End Mil

(0) 5 Ads CnC "B-A" [Type T]

@ Specific Machine [ Ball Ml

Miteron GF [Heidenain] -
[ Probe [CMM]
[ Mew ][ Edt |[Detete | \ j\
Compensation lay

Apex Location 374230 [7] Display Machine Head
Alignment Angle 0.0000 ] Display Arbor
——— || Display Target Grid
— [ Display Target Volume
@ Tool Center Poirt [TCF] Display Tool Path
(2) Absolute || Display Section
) Differential Lock on Toal

] Detect Gouging
] Workpiece is Fxed

[ ouput |[ Aoty |[ ++ |[ Anm |[ ok || Cancel |

Photos courtesy of PTR-TEC.de
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Universal 5 Axis CnC Post-Processing

Tools: Each tool type 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
HyGEARS. Hence, proprietary information remains proprietary.

i - _ - E CniC [DMF 260 HT-C] G
" 5hxis CnC - Gear [Finishing] 66809736400 16:39_m6,3173.HyG - [mm] [=3e] ;

Machine./Tool ICyc;le I Metrics I Cycling Time I Arbor | End Mill |Ope|ation I Process I Stock |

End Mill Details Name  8mm Bull Nose -
[ Clear ][ Save ][Deleie ] 8mm Bull Nose ) —11

949 Suora Kartictappi Z:

Diameter 8.0000
Edge Radius 2.0000 .
Holder Diameter

Greroe om0 | | 7L TN I
R. Curvature 0.0000 < 970060-TRIBON

. S¢38-Finish-TN1
Cul'hng Lengih 449999 Stem Diameter |—PH Coromant 12mm
Cutting Length in Use 44 9959 oromant 12mm Bl Nose

oroma m Bull Mose

Tool Length 20.0001 Coromant 4mm End Mill SOF SS8n 3sneson Tocienre 1orsei® a2 Soediesl

D25 Coro Mill 210

Stem Diameter 2.0000 Cone Angle ——pa

Holder Dlametel' D.DDED Cuttng Madhine CnC[Universal 5 Axis 'B-C'Fini i shingl[Noeminal | - Left
Holder Length 0.0000 R. Curvature |—%, DS 10/22-50
Holder Angl 4 DS 10432
LALIILE 0.0000 Diameter —Pul—-.‘p DS 12425
Tp Reraence 'D5 12/40 R
.-" DS 12/40 - 40deghngle \\
Tip Reference DS 12740 - 40degfngle-6mm
D5 16/45 ) /
EndMill 12Dia : -
91 EndMil 8Dia - N
— Feeds [mm/min] EndMill 8Dig-Cycl
2.7652 FH-1 ]
51231 FIFL 12000 GMC 157/0.39 o
5 5580 Rapid Move 2.5 PI.GMC 1.57/0.78 22 / \
l Output H Apply ” e ” - ” L8 ” e ] @ 00R e ;umeen 221637 Z 12 5000/8_900000/C_306 4330 (151 > ) }‘_3

Definition of an 8mm Bull Nose
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Universal 5 Axis CnC Post-Processing

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

Tool name / Tool list
@ 5 ©nC - Pinion [Finishing] Hypoid-N10x&0x120-01-Test-4532_Corr.hyg - [pim] X
Machine/Toal e Metrics Cycling Time/Power Abor  Ball Ml Operatioff  Process
Tool ID — i
ails MName  |BmmDia-3mmStem | |5rania—3rnmStem ~
Tool ID: Clear | Sawve | Delete
TLUID: (D
. N _—
Tool dimensions It Ball Diameter 5.0000
Stem Diameter 3.0000 i
Taper Length 5.0000 i
Taper Angle 10.0000 | Helder Diameter * > Holder Length
Tool Length 20,0000 : 4
Holder Diameter 15.0000 — |
HoderLongh (00000 | | LS Damets | | |
Holder Angle 0.0000 ! =
Mumber of Futes 4 Taper Ancle i Tool Length |
Tip Reference . :
Tool Center Point | — !
ﬂ" _ h
Ball Diameter - "
Tlp reference warning

N 0.2136

g 0.2367 Feeds [mm./min]

/1y 0.5962 RPM 1200.0

[ 06282 Rapid Move [1500.0 | Plunge [50.0 | Cutting [500.0 |

=

Save /DK +- Anim Ok Cancel

Tooth reference dims.

J

Tool feeds & speeds
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Universal 5 Axis CnC Post-Processing

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

Tool name N / Tool list
W is CniC - Pinion [Finishing] Hypoid-N10x60120-01-Test-432_Corr.hyg - [pAm] .
Machine./ Tool cle Metics Cycling Time/Power Abor  End Mil - Operati Process
~— .
Tool ID Mill Details Name [1mm 0.05ER PP | [1mm 0.05ER PP v
Tool ID: |1 Clear | Save | Delete
TLUID: 1]
N N _
Tool dimensions > Diameter 1.0000 i
Edge Radius 0.0500 1
Cone Angle 0.0000 e ——— !
Holder Diameter, » Holder Length
R. Curvature 0.0000 e i )
Cutting Length 4.0000 ] )
Cutting Lengthin ... |4.0000 Stem Diameter L e o
Tool Length 5.0000 i _L
Taper Length 0.0000 J Taper Length
Stem Diameter 1.0000 (Cone Angle 3 [ Tool Length |
Holder Diamet o
eler Hiameter 120000 Cutting Length
Holder Length 40.0000 _
Holder Angle 0.0000 X T
Number of Flutes 4 ™
Tio Ref @ Edge Radius |—— ’,"’
i erence . / |
_.NI Center Point |~ | Tip Reference
J 0.2186
Tlp reference warning 0.2367 Feeds [mm/min]
[y 0.5962 RPM 17000.0
. [ 06282 Rapid Move |3000.0 | Plunge [1500.0 | Cutting [100.0 |
J S || Output o || mim |[ ok || cance

Tooth reference dims.

Tool feeds & speeds

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

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

Tool name

Tool ID

Tool dimensions

- Body Dimensions - "CMP 161-800D-1.6 W" [mm]

Arbor Diameter 35.000
Tool Length 100.000
Number of Blades
Body Outside Angle
Body Inside Angle 15.000
1 “\
-
Apply QK Cancel

Tooth reference dims.

/ Tool list
%" SAxis CnC - Pinion [Finishing] Hypoid-N10x60x120-01-Test-452_Corr.hyg - [rfm] x
Machini | Cycle Metrice Cycling Time/Power Aor  CoSIMT  Operation/ Process
CoSIMT Details Name [CMP 161-800D-1.6 W | |cMP 161-800D-16 W v
Tool ID: |1 Clear | Save  Delete  DXF
TLUID: (O
= Out. Diameter 80.0000 .
o 4000 .//./ Edge Rad | — ..
Dia. 1B 73.4000 s —— = N, e
Pw.0 0.0000 “
P Wicth 1.6000 L Sulb SRS r'
Edge Rad. 0.8000 YN P
Outside Angle 0.0000 [out Da o b i [Bdge Lenpn [ein G
Included Angle 0.0006 |
Edge Length 5.2500 sl | i .._:t | teelimets —
Edge Length in Use  |3.0000 \\\‘
side R. Curv. 0.0000 Outside Augle |~ li_ ¥ meluded Angla
Inside R 0.0000 iy .
Body Dimensions Wit |
i v
_// \\\\\\
Orride Biade
N 0.2136
E 02367 Feeds [mm./min]
E 0.5962 RPM 1400.0
> [N 06282 Rapid Move 3000.0 | Plunge [1500.0 | Cutting 5000 |
A ouput || Apely || - || Anm || ok

Tool feeds & speeds
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Universal 5 Axis CnC Post-Processing

CoSIMT Definition : CoSIMT tools can have circular cutting edges which allow the generation
of tooth profiles with concave curvature, such as Face Gears.

% 3hxis CnC - Pinion [Finishing] Ex37 Spiral-73mmPwidth.HyG - [mm] >

Machine/Tool Cycle Metrics Cycling Time/Power Arbor

Process  Stock

Ourride Blads

Feeds [mm./min]
RPM 14000
Rapid Move 3000.0 | Plunge [1500.0 | Cutting [300.0 |

CoSIMT Details Name [CMP 161-800D-16W | [cMP 161-800D-16 W v
Tool ID: |1 Clear | Save | Delete | DXF
TLUID: (O
Out. Diameter 80.0000 . T
Dia. OB 784000 = ) L]
Dia. 1B 78.4000 n—..a—,i’/"‘._— — A i Radius of Curvature
Pw.O 0.0000 ! v Outside Cutting Edge
P.Width 1.6000 :
Edge Rad. 0.3000
Cutside Angle 0.0000 Radius of Corvature
Included Angle 0.0006 | P Inside Cutting Edge
Edge Length 5.2500 18| joi il B B -1
Edge Lengthin Use  |1.0000 ', i
Outside R. Curv. 0.0000 . J tnciuded Azgle | |\ !
Inside R. Curv. 0.0000 - ) \ i
Body Dimensions | pwidn | I'I i
“ i (I
7 ;

Save Qutput Apply /- Anim Ok Cancel

Definition of a CoSIMT
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Universal 5 Axis CnC Post-Processing

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

%" Shxis CnC - Pinion [Finishing] Hypoid-N10x60x120-01-Test-452_Corr.hyg - [mm]
Machine/Toal Cycle Cycling Tme/Power Ahor  Face Mil  Operation  Process
Face Mill Details Name [2.75"FM 16MnCr5 | |2.75"FM 16MnCr5 v
Toal ID: |1 Clear | Save | Delete | DXF
b T Lu‘iﬂ'\ 0
/ Body Diameter 79,7908 \
Body Height 7.3069
Blade Depth 7.3069 ¥ i
Cutter Gaging 0.0000 i s
Mumber of Blades 12 i
Tooth Depth 2.1762 i
\ Point Width 0.4550 I : |
1
Tool Le: 46 m/ T
N0l Length YA 4—' Body Diameter '—D
Cutter Holder T Body Height
I R P T
T T ] y
Y ! —
" Blade Tip Blade Depth
Feeds [mm./min]
RFM 1200.0
Rapid Move | 1500.0 | Plunge [500.0 | Cutting [500.0 |
Save Output +- Anim Ck Cancel

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).

Face Mill cutter definition

&5 Pinicn [Hypoid] [Finishing][Meminal] Hypoid-M10x60x120-01-Test-452_Corr.... X
Blank Cutter TopRem Machine HiOrder Other Operating Rim-Materal Beal + | »
Ol @ jom]
Concave-0B Convex-B
Average Diameter 50.9145
Blade Angle 17.5000 235000
B Edge Rad. 0.2000 0 2000
Poirt Width 0.4550
Cutter Edge Straight v | |Straig|'rt v
Rad. of Curvature D.0000 D.0000D
Ref. Height 0.5350 0.5350
MNumber of Blades 20
Cutter Gaging 0.0000
Apply 0K Cancel
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Universal 5 Axis CnC Post-Processing

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

Tool name / Tool list
%" Mg CnC - Pinicn [Finishing] Hypoid-N10x60:120-01-Test-452_Corr.hyg - [fhm]
Machine/ Toal Cycling Time/Power Abor  Face Mil  Operation  Progfss
Tool ID —
Il Details bme  [2.75"FM 16MnCr5 | |2.75"FM 16MnCr5 v
Toel ID: |1 Clear | Save | Delete | DXF
N N TLUID: |D
Tool dimensions —
Body Diameter 79.7508
Body Height 7.3065
Blade Depth 7.9065 T
Cutter Gaging 0.0000 ! ra
Number of Blades 12 i
Tooth Depth 21762 i
Paint Width 0.4550 i i l
Holder Definition ~_|, Tool Length 14,6138 = -
' '—M—'
Cutter Holder T Body Height
: i [ P
| ol ] 'y
5 Face Mill Holder % /
5 } '
Holder Details - BladeTip Blade Depth
Length Diameter Angle
0.0000 0.0000 0.00
Feeds [mm./min]
0.0000 0.0000 0.00
0.0000 0.0000 0.00 RPM 12000
0.0000 0.0000 0.00 Clear Rapid Move | 1500.0 | Plunge [500.0 | Cuiting [500.0 |
Ppply 0K Cancel ave Output - Anim Ok Cancel
Tool feeds & speeds
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Universal 5 Axis CnC Post-Processing

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

Tool name / Tool list
is CniC - Pinien [Finishing] Test-2-Coniflex.hyg - [mm] X
Machine/Tool cle  Cycling Time/Power Abor  Coniflex  Operation Process
Tool ID —
ails Mame: [9.0276in 20 deg] | |9.0276in 20 deg. -
Tool ID: |6 Clear | Save | Delete | DXF
N . - TLUID: |0
Tool dimensions [
Paint Diameter
Dish Angle (Beta)
Blade Angle \
Paint Width . Point Diameter :
Blade Edge Radius 0 2409 Tool Center Poiat | i
Tool Length 121.7280 Im Diish Angle \\\ i
Number of Blades 24 \ “L
Holder Diameter 0.000 \z\ ';_ _/’ I .' 1
EqulValent COSIMT \ e 0.000 k _ Edge Radius Blade Thickness || I.w.i\--.u'.i.
Back Angle (' '
i X
i
Feeds [mm./min]
4 RFM 160.0
J Rapid Move [3000.0 | Plunge [1250 | Cutting [300.0 |
Tooth reference dims.
ave Output +i- Anim Ck Cancel

Tool feeds & speeds

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

Coniflex Definition: DXF export.

-ﬁt,
Machine/Toal Cycle  Cycling Time/Power Abor  Confflex  Operation  Process
Coniflex Details Name: [5.0276in 20 deg. | [3.0276in 20 deg. v|
Tool ID: |6 Clear | Save | Delete | DXF
TLUID: (D
Point Diameter 228 6000
Dish Angle (Beta) 0.2500
Blade Angle 22 7500
Paint Width 0.3505 ﬁ" D¥F - Coniflex Tool - [mm] X
Blade Edge Radius [ 2439
Tool Length 1217280 Y -0Oisat @ Tool Tip )
Mumber of Blades 24 (0) Mxis of Rotation
Holder Diameter 75
Helder Length 100 Edge Length 10000
Back Angle 24.000
228.6000
Flaring Angl £0.000
02489 Minimum 1D 100 j
0.2500

Cancel

Save

Feeds [mm/min]
RPM 160.0
Rapid Move | 3000.0

Plunge [125.0 | Cutting [300.0 |

Output || Apply +- Anim Ok

|
i

Edge Length || ‘

|
e Flaring Angle

b

[/
S L‘_'} Back Angle

Cancel
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Universal 5 Axis CnC Post-Processing

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

Tool name

Tool ID

Tool dimensions

To use an existing
Measurement (*.Mes) or

data file

Theoretical (*.Teo) CMM

Tooth reference dims.

/ Tool list

Machine/Tool

& CnC - Pinion [Finishing] Test-2-Coniflex.hyg - [mm]

*
Probe  Qperati Process

Metrics  Cycling Time/Power  Arbor

2mm

| |ZTII'H b4

0.000

Clear Delete

Ball Diameter
Stem Diameter
Tool Length
Holder Diameter
Haolder Length
Haolder Angle

Map HyGEARS Teo/Mes file ...

il

N

Holder Diameter ]
Stem Diameter '—b

.

Probe Diameter |

» Holder Length

_
A

Probe Length

."- 4

f— ¥
o’

1
i
'
1
|
i
|
1
i
1
1
i
1
1
i
i
i

-
|

*
1

ot
1

RFM

}/ Output || Apply +/- Anim Ok Cancel

Feeds [mm./min]

Rapid move Plunge |5DD,D | MouinngDD,D |

Tool feeds & speeds

7
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Universal 5 Axis CnC Post-Processing

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

Operation name K / Operation list

% 35 CnC - Pinion [Finishing] Test-2-Ceniflex.hyg - [mm] X
Machine/ Tool cle  Metics Cycling Tme/Power Abor  End Mil Operation  Profess
Operation ID —~_ L
N -
Used for the name of the ~a ome |DeturTioP |E== |
part program and che C I emal SubroLtine
Save Delete || Import | STEP Output
sub- programs
Teol Change \\
i R 0 0 J J Main and sub programs in
| __—» TWwD [ 0 D ) 0 0
_/
Programmed tool change Gt |1 o 5 ) ; ; same file
st — Switches
If 1 Gap O’ then no Coolant On Coolant On Code  |M25
Tool change occurs. Coolant Off Code |M25
Spindle CW 1131
_~ / [ Spindle CCW Seinde RPM [12000 | . 00104 <« Ve and fz; used to
Operation switches ae: [0.2000 | fmm] estimate required torque
May be turned On/Off in [ Retum Trip " Ke: [1300.0 & power.
the Output Format o e
Feeds [mm./min] .
Rapid Mave 5000
/V Plunge 3000 Imposes the tool return
Cutting IB Toe->Heel IB Heel-3Toe OB Toe-3Heel OB Heel-Toe path
Tool feeds & speeds — 50 | [so0 | [s0 | [s00 |
Origin from tool, and are '
overridden here. Save Output +/- Anim Ok Cancel
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Universal 5 Axis CnC Post-Processing

Operation: 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] 11x39 SpiralBevel-FromSpa.hyg - [mm]

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

Operation

Mame  |Finish-0.8 [mm] EM [1-15/15] Work | Finish-0.8 [mm] EM [1-15/15] Work

ID# _[TESTOAn ]
e |

Finigh-0.8 [mm] EM [1-15/15] Work

Save Delete Impart

Finish Fil-0.6 [mm] EM [1-13/13] Work
STEP Rough-MPass-0.8 [mm] EM [1-25/25] Waork
Rough Fill-MPass-0.6 [mm] EM [1-13/13] Work

Tool ~
Tool ID (10 0 ] 0 0 0
TLUID (D ] 0 0 0
Gap# 1 ] ] 0 0 0
Switches
Coolant On Coolant On Code (3
Coolant Off Code |9
Spindle CW 120.6
Spindle RPM | 43000 P
[] Spindle CCW = 0.0063
ae: |0.000 | [mm]
] Retum Trip Ke: (18000
# e
Feeds [mm/min]
Rapid Move 2000.0
Plunge 500.0
Cutting IB Toe->Heel 1B Heel-»Toe OB Toe-:Heel OB Heel-:Toe
12000 | (3000 | [3000 | [3000

Output +- Anim Ok Cancel

an Operation is specific to a geometry, i.e.
it is saved in the “Operations.fil” file
stored in the current 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.

Operations Tab
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Universal 5 Axis CnC Post-Processing

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.

%" SAxis CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm] x
Machine/Tool Cycle Metrics Cycling Time/Power Arbor  End Mil Process  Stock
=
Operation
Mame | Finish-0.8 [mm] EM [1-15/15] Wark | |F|r1i5h-D.3 [mm] EM [1-15/15] Work w
ID#  |TESTO3D ) Intemal Subroutine
Save Delete Import STER Output

Tool Change

Tool ID |10 0 0\, 0 ] 0

TWID [0 0 0\ o 0 0

Gap# |1 0 0 \]Je 0 0 E

C

& STEP File from Operations hd
5
Ls Riank Operation: | Rough-MPass-0.8 mm] EM [1-29/29] Work ~|
A
LR -
S LR [Firih Fil0 6 jmm] EW [1-13/13) Work ~|

Feeds [mm./min]

Rapid

Cutting [B Toe->Heel TB Heel->Toe UHB Toe-*Heel UB Heel-=Toe L _>l;I

2000 | [300 | [300 | [se00 |
Output e Anim ok || Cancel

Operations: STEP output Final tooth: 0 Flank Stock, -1.5 mm Fillet Stock
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Universal 5 Axis CnC Post-Processin

Process: Organizes Operations in a user defined sequence.

Process name Process list

C GAxis CnC - Pinion [Finishing] 18x29-5traight-CG.hyg - [in] =
I All Main and sub
MachiMs'Tool Cycle Metrics  Cycling Time/Power Abor  End Mil Operajidn  Process i
programs in same file
Processes
Process ID |

\‘ Name [126559 186559
Used for the name of the 0 , I :
ID#:  |589 | Intemal Subroutjne | O d th N
part program and sub (] No c[,mmemﬂj— verrides the No
Save Delete | Import || Summ || Output Lo C ¢ SWitCh for all
programs Apex Loc. omments
|  Available Operations & | = | Process Content Operatlons of a Process
_/
Available Operations 4093 ROUGH FLANKS -
p 1093 ROUGH SLOT . Overrides the Apex
0.063 OD Test-Le N {063 ROUGH FLANKS
0.0630D 035 ROUGH Root Location for all
Test-M Delet 035 FINISH Roct ;
| __—T0.0630D Test-Ri = 040 FINISH FLANKS Operations of a Process
] 0.063 0D Test-V Duplicate
Right Click opens menu 0.0630D Test - Rename .
Selected Operations for
the current Process

Save Output Apply /- Anim Ok Cancel
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Universal 5 Axis CnC Post-Processing

Processes: 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-0.8 [mm] ...” first, and then Operation “Rough-Fil-Mpass ..."

Name
1D #:

Machine/Tool Cycle

Processes

% 5Axis CnC - Pinion [Finishing] 18x29-5traight-CG.hyg - [in]

Metrics Cycling Time/Power Abor  End Mil Operation Process

186559

| 186559 v|

559

Save Delete || Import

Summ || Output

Intemal Subroutine
[] Mo Comments

Apex Loc. |0.000

Awailable Operations

<=

093 ROUGH FLANKS
093 ROUGH SLOT

0.063 OD Test-MPass -Radial [1-4/6]
0.063 OD Test-MPass [1-4/6]
0.063 0D Test-Right llank
0.062 OD Test-WorkCoords
0.063 OD Test - Mazak

COTTET T

0.063 0D W
063 RO <

063 ROU

035 RO Renams

035 FINISH Foot
040 FINISH FLANKS

Save

Cutput +/- Anim Ck Cancel

A Process is specific to a geometry, i.e. it is
saved in the “Processes.fil” file stored in
the current geometry s folder;

A Process can contain any number of
operations — the controller s memory being
the practical limit;

the Save / Delete buttons conserve and
erase the selected Process;

the Import button allows importing
Processes from other geometries;

the Output button generates the complete
part program for the selected Process;

All Switches imposed in any given
operation appear in each step of the
Process.

Processes Tab
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Universal 5 Axis CnC Post-Processing

Machines: 4 basic CnC machine architectures are available: BC, AC, AB and BA (bottom left
figure); plus 3 and 4 Axis machines.

Any specific machine can be derived from the basic types using the HyGEARS machine
editor (bottom right figure).

%" Sfuis CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm] *
& CnC 5Axis Machine Definition *
Machi i j ime/Power Abor  CoSIMT  Operation Process  Stock
Mach. Defintion  Mach. Preamble  Controller-Machine Head
| Machine Selection Cutting Tool
O) 3 Axis CnC Ly Machine Name  Mikron GF [Heidenain] CoR-Wk.Spindl | 24.400
) [] Face Mil Cutter / 0.0
() 4 fis CnC Machine Type 4' Tit Offsst
(O 5 Axis CnC "BL" [Type M] | nvert Arbor it Offs 0.000

CoSIMT Rotation Offset (0,00

() 5 Ads CC "AC" [Type P)
() 5 Ads CnC "A-B" [Type P)
() 5 Axis CAC "B-A" TType T)

Work Rotation @ 357 .. 363

[] End Mill (3873

XYZSigns (@ Machine ) Work

(®) Specific Machine
Mikron GF [Heidenain 7+
r— [] Probe [CMM] [ID RefAxis Sign Sync Out Oper. |Offset|
ftsi (x| x O+®- 1 0.0000
Com| M_rtsu! HUE3A-5X _ Display -
Mitsui HUB2A-5% (Center) Y O+@®- + | [o.0000
ApeMori NT3100-BC Display Machine Head
| Mori NT4250 /C1 [B] A Display z @+0- 0.0000
Aligl Mori NT4250 / C1 [B+] Display Arbor
Multus B400D )
Multus BA00 4/ sl ABC Signs
® Em %EE&% [Fanuz] L1 Display Taroet Grd [ID_Ref Axis Sign _Sync Out |
() [NVM 3000-A8 [Fanuc] Display Tool Path A O+®- [] + A Rotation
Okuma MU-500VA [LH 0-360] [/ Display Section - A Rotation
O |Okuma MU-S00VA [LH] e
Okuma MU-500WA [RH 0-360] [ Lock on Tool B ®+0- +3, B-
Okuma MIU-500VA [RH] [ Detect Gougi [ Display Warmi O B3, B+357
Okuma MU-500VA [Univ] ect laouging Er ]
Okuma Multus [LH 0-360] [] Workpiece is Fixed C ~‘
Okuma Muttus [RH 0-360]
PAMA SPEEDRAM 2000
Er:fie]lngsA BlA] 4+1Axis tput " — Ok po— Apply oK Cancel
Rafacllo R5A.6

Machine Editor

Machine Selection
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Universal 5 Axis CnC Post-Processing

Display: Several options allow selective information display. These include:

* the Machine Head,

* the Work Arbor and support,
* the Target Grid, where the target coordinates are displayed in wire frame mesh,
* the Target Volume which will be removed by the selected operation,

* the Tool Path.

" Shxis CnC - Gear [Finishing] 11x39 SpiralBevel-520D.hyg - [mm] == " Cutting Machine =]
Cutting Machine CnC[Universal 5 Axis '&-C'] Pinion [Finishing][Nominal] - CormesclB -
Machine/ Tool |Cyde I Metrics I Cycling Time I Arbor | End Mil I Operstion I Process I Stock |
Machine Selection Cutting Tool
i [7] Face Mil Cutt
© 4 A GnC ace Mi er
':' 5 Auis CnC "B-C" [Type M] ] CoSIMT
©) 5 fds CnC "AL" [Type P]
(7 B s CnC "A-B" [Type P] End Mil
@ 5 Ads CnC "B-A" TType T]
@ Specic Machine [ Bt E
Mikron GF [Heidenain] il
[] Probe [CMM]
[ New |[ Edt |[Detete |
Compensation Display
Apex Location 374330 [T] Display Machine Head
Alignment Angle 0.0000 [C] Display Arbor
,,,,, Display Target Grid
) Display Target Violume
@ Tool Center Point [TCF] Display Tool Path
() Absolute [ Digplay Section
() Differential [ Lock on Taal
[ Detect Gouging
[ Workpiece is Fixed ZGX
[@ 57/R 1062/X 2448281y 702927/ -06520 /A -50.2607 /G 199.1074] <
< [ r
[ouout || ooy |[ ++ || Aom ][ ok [ cancel |

Display of the Target Grid (beige) and Volume (light blue)
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Universal 5 Axis CnC Post-Processing

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

Machine Selection

(2 3 Axis CnC

() 4 Axis CnC

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

(®) Specific Machine

Machine/Tool Cycle Metrics Cycling Time/Power  Arbor

Mikron GF [Heidenain]

~ |

Mew Edit Delete
Compensation

Apex Location 0.0000

Alignment Angle 0.0000

(@ Tool Center Paint [TCP]
() Absolute
() Differential

List

%@ 5Axis CnC - Pinicn [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Cutting Tool

[] Face Mill Cutter

[ End mil
[ Ball bl
[ Probe [CMM]

Display
Display Machine Head

| ] Invert Abor

CoSIMT  Operation Process Stock

/

" Cutting Machine (]
Cutting Machine Gt [Fanuc Robodri 1 721 5-& 5] Pinion [Fini shingjMominal] - Corves: B -

7
i T

. Ul

Display Arbor
Display T.Table

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

[[] Detect Gouging
[] Workpiece is Fixed

Output -

[] Display Waming

Anim Ok Cancel

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

Display of the Arbor and Tool Holder
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Universal 5 Axis CnC Post-Processing

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.

Machine Selection
() 3 Mz CnC
() 4 Awis CniC

(®) Specific Machine

Machine/Tool Cycle Metrics Cycling Time/Power  Arbor

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

%@ 5Axis CnC - Pinicn [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Cutting Tool

[] Face Mill Cutter
[ CoSIMT
End Mill

[ Ball mill

Mikron GF [Heidenain]

~ |

Compensation

Mew Edit Delete

Apex Location 0.0000

Alignment Angle 0.0000

(@ Tool Center Paint [TCP]
() Absolute
() Differential

AN
uuuuuu

[] Probe [CMM]

List

Display

[] Display Machine Head
[] Display Arbor

[] Display T.Table

[] Display Target Grd
Display Tool Path

[] Display Section

[] Lock on Toal

i uging;

[] Workpiece is Fixed

Output +f-

End Ml Operation Process Stock

4« Cutting Machine

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

| ] Invert Abor

[] Display Waming

Current cutting point

%

[q: -3.0/R:-11.62 Xw: -9.90390 MYw: -47.07247 [Zw: -183.31207 | A3=-0.454883 /B3=-0.885933/ C3= U.UQWS?IS]J -
< [m F

Display of Gouging points with Pink crosses
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Universal 5 Axis CnC Post-Processing

Cycles:

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

%" Sfads CnC - Pinion [Finishing] 11x38 SpiralBevel-FromSpa.hyg - [mm] X
Machine/Tool C e Metrics  Cycling Time/Power Abor  End Ml Operation  Process  Stock

Output Format Stock-Feed
e [Regqd. Sugg. Actual |
=R # Steps EI [ ] St [1__ 17 sems

) 5 [] Tat.Pts
[ Line Numbers HF idth Pt 5 T 0

e 3
Include Operation Switches 1 tmlis
Include Short Header Hetac ki 20 m
Include Start Positions Maoving Cortact Pt~ [] — 0.0000
[ Explict Indexing Constant D-Radius
Finish Stock (0.000
] No Comments Roughing | i{
[ Coordinates Cnly 0.3
] Work Coordinates Clearance [mm] ! Indexing Seq.nen::e
Tee  (0.000 Skip # Start Gap 1
[] Haas Harizon wel 0.000 Mirrar End Gap ‘I /
Cutting Cycle

® Convex (1.B.) Concave (0.B.)

Slet by Slat

M M
() Aank by Flank e e T
(® Toe -» Heel > Toe ®) Toe -» Heel -> Toe

() Fillet-Roat 10.00 (O) Heel -» Toe -» Heel (O Heel > Toe - Heel
® Tooth Flank Tool Pivet[0.000 | O Toe -> Heel O Toe > Heel
O Combined ] Fixed (O Heel -> Toe (O Heel -> Toe
(") Chamfer Tool Side Depth 0.000 (0 1B-0B OShape-Toe (O OB-B OShape-Toe
() Chamfer Tool End Charf A |0.000 (0) 1B-0B 0Shape-Hesl (C) OB-B OShape-Heel
() Chamfer Toe . (O) Rock Me [babe]
() Chamfer Heel Pivot A, |0.000

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)
Step# where cutting starts and ends (Start
/ End)

Tool retraction at end of cycle (Retract
Factor, based on Heel tooth depth)
Whether the tooth is digitized with
constant roll angle or constant radius
increments (Constant D-Radius)

Whether the contact point moves along the
tool cutting edge (Moving Contact Pt)
Roughing and Finishing cycles

Toe and Heel clearances, to plunge the
tool full speed

Tip, Toe and Heel chamfering

Indexing sequence in order to spread tool
wear and thermal load over non
sequential tooth Gaps (Skip#).
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Universal 5 Axis CnC Post-Processing

Cycles: CoSIMT, End Mill, Ball Mill

%" SAxis CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Machine/Toal Cycle  Metrics Cycling Time/Power Abor  CoSIMT  Operation  Process  Stock

Output Format Stock-Feed
y ot [Reqd. Sugg. Actual |
ual To 7
C::, ACFolmat # Steps |5 | | M |—| Start |‘I ||:| Steps

L1 Line Numbers # Facewidth Pts

Risk of collision: check Cycle and #5teps

Include Operation Switches

Include Short Header ttacttad

O Chaner Tool Side | pepth 000 O 1B-0B OShape-Toe
[:I () |B-0B OShape-Heel

1 () Rock Me [babe]

: K () Plunge Generation

Include Start Postions Moving Contact Pt - 0.0000
[] Explicit Indexing Constant D-Radius )
[] Mo Comments Roughing | *{ Finsh Stock
[] Coordinates Cnly 1T
[] Work Coordinates Clearance [mm] | Indexing Sequence

Toe  (0.000 Skip # Start Gap
[] Haas Horizon Heel (0.000 Mimar ] End Gap

e /7 Convex (1.B.) Concave (0.B) \
® Slet by Slot (
O Flank by Flank O None O None
(®) Toe -> Heel -> Toe ®) Toe -> Heel -> Toe

() Fillet-Root 10|00 () Heel -> Toe - Heel () Heel > Toe - Heel
(®) Tooth Flank ‘ 0.4oo ) Toe -> Hel () Toe -» Heel
O Combined () Heel -» Toe () Heel -> Toe

() OB-IB OShape-Toe
() OB-IB O5hape-Hesl

() Plunge Generation /

Output -

Anim Ok Cancel

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

tooth flanks,

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 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.

Cycles for CoSIMT, End Mill and Ball Mill tools

" Cutting Machine

Cutting Machine CnC [Universal 5 Axis A-C'] Finion

[Finishing][Nominal] - Corvexl

T 6.2 /R 6108 /X 1386713 IV, -12.1258 /2 192676 1A 1267734 IC: 366.3367)
« ]

=¥

¥

G
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Universal 5 Axis CnC Post-Processing

Cycles: Constant D-Radius. checked: constant radial steps, insensitive for Z > 25
un-checked: constant roll-angle steps — improved surface near fillet

better for Z < 20

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

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

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

[q: 0.0/MR: 19.48/X 263793 /v 0.0000/Z 381891/A: -90.0000 /C: 140.5183] [1/9]

Constant D-Radius

Constant D-Roll
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Universal 5 Axis CnC Post-Processing

Cycles: Moving Contact Pt: checked: contact point moves along End Mill edge; better Finish
un-checked: contact point always at End Mill tip: more tool wear

N N
A\ \
\ A
- \ : :
/"*/ =
i \\_
N o1 \
\ :
\ |
e | — 1
N d ( . 4 {
L L
fli 00R 15455 20478 ¥ 000002 361897 /A -B00000/C 1754511]55] | fli 00R 15455 20478/ 000002 381891/A 50000D/C 1754511 [99] |
Moving Contact Pt: Finishing Fixed Contact Pt: Roughing
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Universal 5 Axis CnC Post-Processing

Cycles:

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

%" Shxis CnC - Gear [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Machine/Tool Cycle

Output Format

[ Use Actual Tooth

[] C5V Format

[ Line Mumbers

Include Cperation Switches
Include Short Header
Include Start Posttions

[ Explicit Indexing

[] No Comments

[] Coordinates Cnly

[] Haas Horizon

Cutting Cycle
Face Mill Cycle
(® Single Roll - Toe to Heel
() Single Roll - Heel to Toe
(O) Plunge Roll - Toe to Heel
(O) Plunge Rall - Heel to Toe
(O) Double Rall - Toe to Heel
() Double Roll - Heel to Toe

Cycling Time/Power  Arbor

@ Mon Gen. Plunge Cut j

Stock-Feed

H Steps

Retract Factor

Clearance [mm]

Heel |1

Face Mil

Operation  Process

| = =
==
= =

0 O
(LRLEE

Finish Stock
0.381

[ Indexing Sequence
Skip # Start Gap
Mimar [ End Gap

1500

JUU

e =
1000 250

HW
Fal L

100 250 1.2

Anim Ok Cancel

Machine/Tool Cycle  Cycling Time/Power  Arbor
Output Format Stock-Feed
[J Use Actual Tooth # Steps
[J] €5V Format

[] Line Numbers

Include Operation Switches
Include Short Header
Include Start Positions

[ Explicit Indexing

[ Na Commerts

Retract Factor

% 5Axis CnC - Gear [Finishing] 11x38 SpiralBevel-FroemSpa.hyg - [mm]

Face Mil Operation Process

P
1

_{ Finish Stock

O
(UL L

[] Coordinates Only Ll
Clearance [mm] | Indexing Sequence
Toe [0.000 Skip # Start Gap

[] Haas Horizon Heel |0.000 Mimor ] End Gap

Cutting Cycle

Face Mill Cycle \

(® Toe -Heel/ Toe -Hesl

() Toe -Heel/ Heel-Tos I |

(0) Heel-Toe / Heel-Toe 500

() Heel-Toe / Toe -Heel 1.050 1000 250

(C) Double Roll - Toe to Heel 0.250 200

(C) Double Roll - Heelto Toe 0.300

KO Mon Gen. Plunge Cut j 0.000 100 250 12
Output ok Anim Ok

Cancel

Cycles for Face Mill cutters / Completing

Cycles for Face Mill cutters / Semi-Completing
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Universal 5 Axis CnC Post-Processing

Cycles:

Face Mill Cutter — Completing cutting processes

%" 5Axis CnC - Gear [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

D_.'cling Time/Power Abor  Face Mill Operation Process

QOutput Format Stock-Feed
[ Use Actual Tooth # Ste
ps 9
[] ©5V Format

[ Line Numbers
Include Operation Switches 5

Include Short Header Retract Factor

Include Start Positions - LU
[ Explicit Indexing

(R =1

No Comments —
g Coordinates Only ‘{ Rough Stock
Clearance [mm] | Indexing Sequence
Toe |10 Skip # - Start Gap
] Haas Horizon Heel (10 Mimor — [] End Gap
@ing Cycle \
Face Mill Cycle
(® Toe -Heel/ Toe Heel
O Toe Heel/ Heel-Toe I |
(O Heel-Toe / Heel-Toe 1500
() Heel-Toe / Toe Heel 1.050 1000 250
() Double Roll - Toe to Heel 0.250 200
(O Double Roll - Heel to Toe 0.300
\O MNon Gen. Plunge Cut y 0.000 100 250 1.2
Output Apply +/- Anim Ok

1

Cancel

can be Single Roll/Double Roll;

Double Roll plunges the cutter to full depth
between the start and end of the 15" 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

4« Cutting Machine ==

Cutting Machine CAC [Universal 5 &5 '4-C'] Pin on [Fi nishing][Nominal]- Comexle

[lo 00K 0.00/K -16.0996 /1. 52384 Z 0.2852/A. -83.34918/C. 178.1692] -
« (] »
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Universal 5 Axis CnC Post-Processing

Cycles:

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

%" 5Axis CnC - Gear [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Machine/Tool Cycling Time/Power Amor  Face Mil Operation Process
Output Format Stock-Feed
Use Actual Tooth
S CSV Format 7 stes
[ Line Numbers =
Include Operation Switches n
Include Short Header Retract Factor
Include Start Positions - 0.0000
E E:;pgi[:nl:_lde::g ‘{ Finish Stock m
[] Coordinates Only 0.381
Clearance [mm] | Indexing Sequence
Toe  [0.000 Skip # Start Gap
[[] Haas Horizon Heel [0.000 Mimor ] End Gap
Kmting Cycle \
Face Mill Cycle
(® Single Roll - Toe to Heel
() Single Roll - Heel to Toe I |
() Plunge Roll - Toe to Heel 1500
() Plunge Roll - Heel to Toe 1.050 1000 250
() Double Roll - Toe to Heel 0.250 200
() Double Roll - Heel to Toe 0.300
\O Non Gen. Plunge Cut ) 0.000 100 250 12
Output Apphy +/- Anim Ok

Cancel

xx /yy: 1% part is Convex flank; 2™ 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 such
as to compensate for tool wear,

the Indexing Sequence allows spreading tool
wear and thermal load over non-consecutive
tooth slots.

Cycles for Face Mill cutters

4« Cutting Machine ==
Cuting Wachine Cnt [Univers al s Axis ‘&-C'] Fini on [Finishingl[Nominal]- ComvescB a

[lo 00K 0.00/K -16.0996 /1. 52384 Z 0.2852/A. -83.34918/C. 178.1692] -
« (] »
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Universal 5 Axis CnC Post-Processing

Cycles:

HyGEARS offers 14+ different cutting cycles for CoSIMT, End Mill and Ball Mill tools.

Include Operation Switches
Include Short Header
Include Start Positions

[ Explicit Indexing

[ Na Commerts

[] Coordinates Only

Retract Factor 40

D_

Maoving Contact Pt
Constant D-Radius
Roughing

Finish Stock |0.2000
5

%" SAxis CnC - Gear [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm] X ‘

Machine/Tool Cycle  Metrics Cycling Time/Power Abor  End Mil Operation Process Stock E D e L =
e e
] Use Actul Tocth s e ravel direction |
E Esv Format § EI E:: ; E i:?;ts ‘] /

ne Numbers H Facewidth Pts  [25 Bottom Up [ ]

O
(UL L

0.381

[y B3R S83 0 87330 83 504067 4148037 /8 3655054 A5 304 50530 [14]

Clearance [mm] Indexing Sequence
Tee (10 Skip #
[] Haas Horizon Heel |10 Mimor
Convex {l.B.) Concave (0.B.) \
@ St by Set (") None (C) None
() Flank by Flank
®) Tpe™ Heel -» Toe (® Toe -> Heel > Toe
() Fillet-Root 10.00 (7 Heel -> Toe -> Heel () Heel -» Toe - Heel
@ Tooth Fank Tool Pivot |0.000 () Toe -» Heel () Toe -» Heel
O Combined ] Fixed () Heel - Toe () Heel -> Toe
O Charfer Tool Side |pepth (0,000 (0 1B-0B OShape-Toe (C) OB-IB OShape-Toe
Chamfer Tool End () IB-OB O5hape-Heel (") OB-IB OShape-Heel
Chamf A. |0.000
() Chamfer Toe i = () Rock Me [babe]
\O Charrfer Heel Fivot A |0.000 /
Output ok Anim ok || Cancel

Cycles for CoSIMT, End Mill and Ball Mill tools
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Universal 5 Axis CnC Post-Processing

Cycles:

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

Fillet/Root, Tooth Flank, Combined, Toe,
Heel and Tip Chamfer (Deburring) 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,

Finishing cycles need not be the same on
both tooth flanks;

[ ]
%" Shxis CnC - Gear [Finishing] 11339 SpiralBevel-FromSpa.hyg - [mm] X
Machine/Tool Cycle  Metrics Cycling Time/Power Ahbor  End Mil Operation  Process  Stock
QOutput Format Stock-Feed
0 [Regd. Sugg. Actual |
Use Actual Tooth # Steps Start °
1 Steps
L b ][0 e _[D o
[ Line Numbers = s
#Fi idth Pt
Include Operation Switches acew s 25 Battom Up  []
Include Short Header Hettactacly 40
Include Start Postions Moving Contact Pt O - 0.0000
[] Explicit Indexing Constant D-Radius
Finizh Stock
[ No Commerts Roughing [ ‘{ imish Stock  |0.2000
018
[] Coordinates Only 0.381
Clearance [mm] | Indexing Sequence
Toe (10 Skip # Start Gap d
] Haas Horizon Heel [10] Mimor [ ] End Gap
ing Cycle :
( Convex (1.B.) Concave (0.B)) \\
@) Slot by Slot
O Fank by Flank .- . -
® Toe > Heel -> Toe ®) Toe > Heel -> Toe
() Fillet-Root 10.00 () Heel -> Toe -> Heel () Heel -> Toe -> Heel
(® Tooth Flank Tool Pivot|0.000 () Toe > Heel () Toe > Heel
O Combined [ Fixed () Heel > Toe () Heel > Toe
() Chamfer Tool Side Depth 0.000 () IB-OB OShape-Toe () OB-IB OShape-Toe
(C) Chamfer Tool End e G000 () IB-OB OShape-Heel () OB-IB OShape-Heel
amf A. |0
() Chamfer Toe _ () Rock Me babe] /
@ Chamfer Heel Pivet A |0.000 Ly
Output +/- Anim Ok Cancel

Finishing Cycles for CoSIMT, End Mill and Ball Mill tools

& Cutting Machine

A

[0 -6.2/R -51.98 /X 138813 V- -12.1258 (2 16.2678 JA. 1267734 IC: 36633811 |
« |
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Universal 5 Axis CnC Post-Processing

Cycles:

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

%" Sfuds CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

Machine/Tool Metrics Cycling Time/Power Amor  End Ml Operation Process Stock
Output Format Stock-Feed
[Reqd. Sugg. Actual |
orm.
0 End -
L # Facewidth Pis Bot 13 e
[ Include Operation Switches 5 Ly
Include Short Header i 40
Indude Start Posftions Moving Contact Pt — OwerRun  |0.0000
[] Explicit Indexing Constant D-Radius ]
Finish Stock
] Mo Comments Roughing [ ~{ e =ee EIEIEEI
[] Coordinates Only oot _
Work Coordinates Clearance [mm] ! Indexing Sequence
[ TCPM (Heiderhain) Toe (2500 Skip # Start Gap
[ Haas Horizan Heel |(3.000 Mimor ] End Gap
Cutting Cycle

® Convex (LB) Concave (O B)
0O il::?bfl;tank () Mone () None

(® Toe -> Heel -> Toe (® Toe -> Heel - Toe
() Fillet-Root 10.0 () Heel -> Toe ->» Heel () Heel - Toe -» Heel
® T°°th_ Flank Tool Pivat D.DD[:| (0) Toe > Heel (O Toe -> Heel
(O Combined [] Fixed () Heel -> Toe (O Heel -> Toe
(7) Chamfer Tool Side Depth 0.000 () |B-OB O5hape-Toe () OB-IB O5hape-Toe
(") Chamfer Tool End T () IB-OB O5hape-Heel (") OB-IB D5hape-Heel
(") Chamfer Toe am a2 (") Rock Me [babe]

(") Chamfer Heel

nnn
(TRLL

v

Output +/-

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

==l

Cutting Machine CnC [Universal 5 s '#-C'] Fin on [Finishing][Morminal] - Coneave OB -

x; ¥
Hq 02/R 153X -18453/v. 242305/Z 69701/A -96.9432/C. 165.8739] | -
3 i )
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Universal 5 Axis CnC Post-Processing

Cycles:

Example: End Mill tool, Fillet

O Chamfer Toal Side Depth 0.000
() Chamfer Toal End Chamf A |0.000

() Chamfer Toe i
(O Chamfer Heel Pivot A.|0.000

() 1B-0B OShape Heel
(7)) Rock Me [babe]

%4 Shxis CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm] x
g P pa.nyg
Machine/Tool Cycle  Metics Cycling Time/Power Abor  End Ml Operation Process  Stock
Output Format Stock-Feed
[Regd. Suag. Actual |
# Steps g 6] | Start |1 Steps
E Ei: ;E:t?;rs # Bottomland Pts | End |15 Tt Pts
#HF idth Pt
[ Include Operation Switches acEw s i
Include Short Header Timn o 40
Include Start Posttions - 0.0000
Explicit Indexi Constant D-Radi ]
L Bxpici Indesing ensiart Srnads Fillet Stock  [0.000
[J Mo Comments Roughing
[] Coordinates Cnly Rank Stock  |0.000
Work Coordinates Clearance [mm] | Indexing Sequence
[] TCPM (Heidenhain) Toe |2500 Skip # Start Gap |1 |
[] Haas Horizan Heel |3.000 Mimor [ End Gap
Cutting Cycle -
Convex {1.B) Concave (0.B)
() None ® MNone
() Toe - Heel -> Toe () Toe -» Heel -» Toe
(® Fillet-Roat ‘Tool Tit |10.00 () Heel -> Toe -> Heel () Heel -> Toe -> Heel
(0 Tonth Flank FerotPnt—hs () Toe -» Hesl () Toe -» Heel
O Combined [] Fixed () Heel = Toe

(") OB-IB OShape-Toe
(") OB-IB O5hape-Heel

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 an End Mill or Ball Mill tool;
negative Stock can be imposed to produce a

protuberance;
the tool can be tilted away from the tooth to

avoid interference;
Fillet finishing uses the same cycles as for Flank

finishing.

Anim Ok Cancel

Fillet cycles

" Cutting Machine
CuttingMachine CnC[Universal 5 4uis 'A-C'Pinion [Finishing][Nominal] - CorveslB

|
|

[0 8.1/R-80.83 X -0.4059 /Y. 29.0273/Z 0.9756/A -84.5453 /C. 260.0558]
< [
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Universal 5 Axis CnC Post-Processing

Cycles:

Example: tapered End Mill tool, IB-OB O-Shaped / OB-IB O-Shaped

%" Sfxis CnC - Pinion [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm]

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

Output Format

[ Use Actual Tooth

[] C5V Format

[ Line Numbers

[ Include Operation Switches
Include Short Header
Include Start Positions

[] Explicit Indexing

[] Mo Comments

[] Coordinates Only

Stock-Feed
[Reqd. Suga. Actual |
# Steps <‘ Start |1 Steps
0 End |15 Tat.Pis
# Facewidth Pts 51 Bottom Up  []

Retract Factor 40
Maving Contact Pt — QOver Run 0.0000

Constant D-Radius
Finish Stock |0.000
n

Roughing —

u.uo

Work Coordinates Clearance [mm] Indexing Sequence '
] TCPM {Heidenhain) Toe (2500 Skip # Start Gap
] Haas Horizon Heel |(3.000 Mimor  [] End Gap
Cutting Cycle

Convex (1.B.) Concave (O.B))

(O None ® Mone

() Toe -» Heel - Toe () Toe -> Heel - Toe
() Fillet-Root 10.00 () Heel -> Toe -> Heel () Heel -> Toe -> Heel
{® Tocth Fank Toal Pi\rc:t () Toe > Heel () Toe -> Heel
() Combined [ Fxed () Heel > Toe
O Chanter Tool Sde |pepth 0,000 ] (C OB-B OShape-Toe
(") Chamfer Tool End e .o (L E0B QChaps.tasl (O) OB-IB OShape-Heel
(") Chamfer Toe T = () Rock Me [babe]
() Chamfer Heel Pivot A |0.000

Output +/- Anim Ol Cancel

only one starting flank can be selected, the other
being slave;

for IB-OB, the cutting cycle takes a pass along
the face width on the IB and switches to the OB
for return; the cycle then switches back to the IB
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.

IB-OB O-Shaped cycle

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

loo 9.1/R-90.14 X. -0.5502 /Y. 20.8320/Z 1.6862/A. -85.0761/C. 269.2450] | | -
« [ "
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Universal 5 Axis CnC Post-Processing

Cycles:

Example: CoSIMT tool, Rock-Me (Babe)

. is CnC - Pinion [Finishin ¥ iralBevel-FromSpa. - [mm
4" Sfuis CnC - Pinion [Finishing] 11x39 SpiralBevel-FremSpa.hyg - [mm] ®
Machine/Tool Cycle  Metrice Cycling Time/Power Abor  CoSIMT  Operation Process  Stock
Output Format Stock-Feed
[Reqd. Sugg. Actual |
v #Ses  [i5 ] (12 ] Smt [1__|i s
= e D End [15 Tqt Pis
[] Line Mumbers R
acewi 3
[ Include Operation Switches 51
Include Short Header Retract Factor 4.0
Include Start Positions Maving Cortact Pt — OverRun |0.0000
[] Explicit Indexing Constant D-Radius
Finish Stock (0,000
[ No Comments Roughing 1 *{
[] Coordinates Cnly e
~| Work Coordinates earance [mm ng
Work Coord a [mm] | Indexing Sequence
[ TCPM (Heidenhain} Toe (2500 Sip# [1 | StatGap
[] Haas Horizon Heel |3.000 Mimar ] End Gap
Cutting Cycle
® Convex (.B) Concave (0B.)
LI L () None (® None
(C) Toe -> Heel -> Toe (O) Toe ->Heel -> Toe
10.00 () Heel -> Toe - Heel () Heel -> Toe -> Heel
@ Tooth Fank 0.000 O Toe > Heel O Toe -> Heel
O Combined () Heel -> Toe (O) Heel -> Toe
Y () IB-OB OShape-Toe (") OB-IB OShape-Toe
— O B-0B-OShape-Hasl (C) OB-IB OShape-Heel
0.000 ]O Plunge Generation
Anim 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 (=]
Cumting Machine N [URiversal s Axis 'A-C'] Finion [Finishing] [Naminal] - Corwese -

a

‘

[0 BB/R-B695 /X 13.9245 Y. -12.7373 2 19.3013 /A 127.1648/C: 39220271 -] e
« [ ]

%
=

b
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Universal 5 Axis CnC Post-Processing

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

%" Shxis CnC - Gear [Finishing] 11x39 SpiralBevel-FremSpa.hyg - [mm]

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

Include Cperation Switches
Include Short Header
Include Start Posttions —

Retract Factor 40

Start |1 [ Steps
End |g [] Tat.Pts

Output Format Stock-Feed

. [Reqd. Suga. Actual |
Use Actual Tooth # Steps 3

l:l C5Y Farmat
Line Numb -

L # Facewidth Pts |25

[] Fixed O Heel - Toe
o — (O) |B-0B OShape-Toe
() |B-0B O5hape-Heel

() Chamfer Tool Side
() Chamfer Tool End

(_) OB-IB OShape-Toe
(") OB-B O5hape-Heel

=

[ Explicit Indexing Constant D-Radius —
[] Mo Comments 7 e
[ Coordinates Only ﬂ{ Rough Stock
Clearance [mm] [ Indexing Sequence -
Tee |10 Skip # Start Gap
[] Haas Horizon Heel |10 Mimor [ End Gap
ﬁumng Cycle : :
Convex (1.B.) Concave (O.B)
g :li:l;fl;;nk ) None () None
() Toe -> Heel -> Toe (®) Toe -> Heel > Toe
() Fillet-Root 10.00 (O) Heel -= Toe -> Heel (") Heel -» Toe > Heel
@) Tooth Fank Tool Pivot () Toe -> Heel () Toe -> Heel
(O Combined (") Heel - Toe

() ChamferToe |~ = °° (®) Center Slot () MuttiPass
\O Chamfer Heel /
Output +- Anim Ck Cancel

Roughing Cycles for End Mill and Ball Mill 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;

Roughing cycles need not be the same on
both 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 over Center
Slot because the tool is never captive in a
through.
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Universal 5 Axis CnC Post-Processing

Cycles: Roughing cycles for CoSIMT tools.
%" SAxis CnC - Gear [Finishing] 11x39 SpiralBevel-FromSpa.hyg - [mm)] X
Machine/Tool Cycle  Metrics Cycling Time/Power Abor  CoSIMT  Operation Process  Stock
Output Format Stock-Feed
[Regd. Sugg. Actual |
Dcovrm ssws [ [0 ] (s )]0 sem
=¥ rem 0 End [g |[] TatPts
L H Facewidth Pts
Include Operation Switches 25
Include Short Header Retract Factor 40
Include Start Postions - 0.0000
[ Explicit Indexing Constant D-Radius e —
] No Commerts Roughing ﬂ{ ——
[] Coordinates Only Rough Stack
Clearance [mm] | Indexing Sequence
Toe |10 Skip # Start Gap
[] Haas Horizon Heel (10 Mimor [ ] End Gap
ing Cycle >
/G-ﬂ Convex (1.B) Concave (O.B) \
® Slot by Slot
O Flank by Flank
() Fillet-Root 10.
(® Tooth Fank 0
(") Combined
() Chamfer Tool Side
— (®) Center Slot () MultiPass
\ “““ () Plunge Center Slot /
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 required
by the machine or tool between tooth
flanks;

Roughing cycles need not be the same on
both 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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Universal 5 Axis CnC Post-Processing

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.

Out. Dia

A :, |

= -‘ ? I_a :./' { i ‘Kﬁ\ '\_‘

TCP :. Edge Length

h

..... L% Tool Length

Outside Angle b Included Angle

I'. , [ g

vy \

Inside Blade

~

Pw.

O

5
1

|
1
| f . 1
Vo W |
-L i N ) ) hY H
Wl o A, p [ ; ¥
ey, ' | A ;
|T=q=-- \y \ [| . ’
] B! R | ,"
1 N, * F
[ \ . .
] N Ta
Ins . 7.

Body Height

i
I
[ &~
|
i

¥
i 'y
-
]
Tool Center Point : @E
i A
I
I \
| | i ¥
\ Y F Y
|
Blade Tip Blade Depth

CoSIMT : TCP (located (@ mid P.Width)

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

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

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

F Y
A J

Holder Length

!
| Y
i A

Holder Diameter >
Heolder Length

L
'y

3

h 4

| Holder Diameter I >

[ B ||
|

: Tool Length . .
*L ,_-—.——,. [ Tool Length

| | |
|| Taper Length : Cutting Length
Tool Center Point |
f EdaeRadlus

Tool Center Point

Ball Diameter ‘ \_

4
=
-

Ball Mill : TCP and Tip End Mill: TCP and Tip
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Universal 5 Axis CnC Post-Processing

Tool Reference Point:  Coniflex™ dish type cutter: TCP.

I Point Diam eter I

&

Tool Center Point

Dish Angle

Point Width \z\ \ .

I

Back Ansle (

¥ i

Blade Thickness Tool Lensth

¥

Coniflex Dish Reference Point
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Universal 5 Axis CnC Post-Processing

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

" Cutting Machine

Cutting Machine ChC [Universal 5 &xis 'B-C'] Finion [Fimshing]TNnminal]- Left |

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

g 0.0/R: -307/X -31186/ 60.0712/2 11.0921/8: 64.0639/C: 176.9366 [1/9]

=

Spur/Helical/Beveloid/Herringbone gears: BC type machines
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Universal 5 Axis CnC Post-Processing

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

" Cutting Machine

Cutting Machine CnC [Universal 5 &xis 'A-C'] Finion [Finishing]TNnminal]- Left |

I

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

v la

g 0.0/R: -307/X -600712/ 1222002 28736 /A7-1159361/C: 273.0634 [1/9] ]

Spur/Helical/Beveloid/Herringbone gears: AC-AB type machines
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Universal 5 Axis CnC Post-Processin

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

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

Work piece reference point:

\ Pitch cone Apex

157 500 . @

E

‘i_z

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

Straight Bevel/Spiral Bevel/Zerol/Coniflex gears
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Universal 5 Axis CnC Post-Processing

Part Reference Point: Hypoid gears.

" Cutting Machine

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

Work piece reference point:
Crossing Point (Xp)

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

Hypoid gears
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Universal 5 Axis CnC Post-Processing

Part Reference Point: Face gears.

" Cutting Machine

Cutting Machine Gear[Finishing]TNommaI]-Leﬁ -

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

by

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

4

o] G

Face gears
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Universal 5 Axis CnC Post-Processing

Output:

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

A part program comprises:

a Header, 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

%" SAxis CnC - Pinion [Finishing] 11338 SpiralBevel-FromSpa.hyg - [mm] .
Machine/Tool | Cy Metrics Cycling Time/Power Abor  End Ml Operation Process  Stock
/ Output Format \ Stock-Feed
0 [Regqd. Suag. Actual |
Use Actual Tooth # Steps 15 - Start [1 %
1o} | Steps
[] Line Numbers ¥ 15 Tat.Pts
#F idth Pt
[ Include Operation Switche acew s 51 Botiom Up [ ]
Include Short Header e 40
Include Start Positions Moving Cortact Pt — Over Fun 0.0000
[ Explicit Indexing Constant D-Radius |
Finish Stock |0.000
[ Mo Comments Roughing ] *{
[ Coordinates Only e
Work Coordinates Clearance [mm] ! Indexing Sequence
[ TCPM (Heidenhain) Toe |2.500 Skip # Start Gap |1
\D Haas Horizon Heel |3.000 Mimor [ End Gap (39
Cutting Cycle
® Convex (1.B) Concave (D.B)
e ;::I";Slgtank ) Mone () Mone
v ® Toe -» Heel -= Toe (® Toe - Heel -= Toe
() Fillet-Root 10000 () Heel -» Toe -» Heel () Heel -= Toe -» Heel
® Tooth Flank Tool Pivat |0.000 (") Toe -> Heel (") Toe > Heel
© Combined [] Fixed () Heel = Toe () Heel == Toe
() Chamfer Tool Side Depth 0.000 () IB-OB OShape-Toe () OB-B OShape-Tos
() Chamfer Tool End Chamf A 0,000 (") IB-OB OShape-Heel (") OB-IB OShape-Heel
amf A |0
() Chamfer Toe — (") Rock Me [babe]
() Chamfer Heel
| Output [ Apply +/- Arim Ok Cancel

.

Part program Output

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.
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ersal 5 Axis CnC Post-Processing

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

m" Part Program for : Gear [Finishing] 13x33d400_final_REG.hyg m" Part Program for : Gear [Finishing] 13:33d400_final_REG hyg
File  Edit File  Edit
T ; GEAR [FINISHING]
: PROGRAM MAME : #2 Finish Moving Contace [1-10/10] ' CUTTER SPECE[FICATIQNS [I.B.1
:PROGRAM DATE : 07-21-2015 .
 SUMMARY VERSICH : [Nominal]
sTOOL ID ¢ 120121 27588 367 £ Average Diameter H 304.8000
;TOOL DIAMETER ¢ 6.00[mm] Blade Angle : 28.4178 11.4156
#TOCL LENGIE i 40.00([mm] ; Blade Edge Radius : 4.1910
PRER R R AR R AR AR AR AR AR AR AR R AR AR . Point Width : 61112
. i .3 772 213
i Date / Time : 21/07/2015 / 6:13:44 PM ; Rad. of Cuzvature : 6350.0000 6350.0000
; Gensral Units ¢ [mm] [dd.mm.ss] ; Rad. of Curvature-Ref. Height 0.0000 0.0000
i Cutter Units i [mm] ; TopRem Depth 0.0000 0.0000
¢ Prepared by : Claude Gosselin ; TopRem Radius 88.9000 0.0000 3
; Version : 4.0.404.60-457 ; Cutter Gaging 0.0000 0.0000 3
Pommm e Start Header --—-——-————————————-
; HyGERRS WV 4.0 @ ® ; GERR [FINISHING] :Spread Blade
; ; MACHINE SETTINGS - #175-5
: Part Program : 13x33d400 final REG.hyg .
; Machine : CnC [Ultrix] - [Finishing] [Nominal] : Radial Distance : 148.9870
4 ; Cutter Tilt : 6.1644
; Operation : #2 Finish Moving Contace [1-10/10] ; Swivel Angle . 197.3272
4 ; Blank Offset : 0.0000
¢ Member : | Gear ; Machine Root Angle : 64.5626
: CODEI(-JllEI’ SJ.ET_(.E:'AEI ; Machine Center To Back H 0.0947
; Coordinates Work Piece ; Sliding Base . 13.7400
¢ Indexing Controller code . Rate of Roll . 1.07255
; Contact Point Fixed ; Cradle Angle . 54,3272
; Tooth line sep. Cst D-Roll
¢ Steck left —0.5000 ; WORKPIECE DIMENSIONS
; Tool Length 40.000 .
; Bpex Location 0.000 : ¥ Teeth - 33
; # Gaps 33 ; Module : 12.121
i Start 1 ; Face BAngle H 69.748
¢ End 33 ; Face Width : 78.749
; Increment 1 ; Front Crown to Xp : 49.047
: # Steps & ; OD Toe : 266.512
i Srart 1 ; OD Heel : 400.036
; End € .
¢ # Points wideh 11 END MILL TOOL DEFINITION
; Tool Tilt Angle 10.000
; Retract factor Z.0 Name
; Toe Clear. [#pts] 50.000[3] Diameter : 6.000
i Hesl Clear. [$#pt=] 20.000[3] Fdge Radius . 3.000
H Corr.p?nsatlon Tool Center Point Cone Angle : 0.000
; Cutting Cycle Sl?t by Slot Cutting Length : 530.000
; Target Fillet hrea Cutting Length in Use: 30.000
H IB/L?ft Cycle Toe—:-leel—'foa Tool Length . 40.000
; OB/Right Cycle Toe-Heel-Toe Stem Diameter 5.000
4 ; Holder Diameter : 0.000 =

Output: Header — I*' part

Output: Header — 2" part
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Universal 5 Axis CnC Post-Processing

Output:

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

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

File  Edit
P e ————— Start of Program  -————————-
SEQINDEX[1] = 1
SEQINDEX[2] = 2
SEQINDEX[3] = 3
SEQINDEX[4] = 4
SEQINDEX[5] = &
SEQINDEX[E] = &
SEQINDEX[7] = 7
SEQINDEX[E] = &
SEQINDEX[S] = 9
SEQINDEX[10] = 10
SEQINDEX[11] = 11
SEQINDEX[12] = 12
SEQINDEX[13] = 13
SEQINDEX[14] = 14
SEQINDEX[15] = 15
SEQINDEX[16] = 16
SEQINDEX[17] = 17
SEQINDEX[18] = 18
SEQINDEX[19] = 19
SEQINDEX[20] = 20
SEQINDEX[21] = 21
SEQINDEX[22] = 22
SEQINDEX[23] = 23
SEQINDEX[24] = 24
SEQINDEX([25] = 25
SEQINDEX[26] = 26
SEQINDEX[27] = 27
SEQINDEX[28] = 28
SEQINDEX[29] = 29
SEQINDEX[30] = 30
SEQINDEX[31] = 31
SEQINDEX[32] = 32
SEQINDEX[33] = 33
TEETH ANGLE = (360/TCTAL TEETH)
TEETH ANGLE = (ROUND(TEETH ANGLE*100000)/100000)
TRLZCRT
CRIRXES
P Start of Cycle —————-—-——-
H Section 1
T120121 Me
R Tooth Space § 1 ——————————mmn
RESTART_TEETH=1
TRANS C=(TEETH_ANGLE*SEQINDEX[ (RESTART_TEETH)])
STCOPRE
EXTCRLL "PROCL"™
;P Tooth Space # 2 ——-—-————-
RESTART TRETH=2

Output: Header — Indexing Sequence
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ersal 5 Axis CnC Post-Processing

Output:

Tool path coordinates: the actual tooth flank cutting commands.

“" 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
P mmm——————= Cutting Cycle = -——————————-—
STRRT1:
TRANS C=(TEETH_ANGLE*SEQINDEX[ (RESTART_TEETH)])
STCPRE
P Conver -—-—————————————- £

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)

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

Closed Loop:

A) Corrective Machine Settings must have been applied to the desired part;

Integral to HYyGEARS

HyGEARS V4.0 © - EAVB\Demo\Demol441.HyG [v:4.0.405.00-457] =]
Fle  Edt Graphics Misc  Window  Display Page  Help HyGEARS V 4.0 © - Corrective Machine Settings 52
P | Xk 2 s 2B B E<e vl
Fini - = @% [C02] The Nominal Summary has not been indentified yet ! =l
XYZ s Meas.Surface - Pinion [Concave-OB] |_ L ) | 3 |
Stat Do you wish to consider the Current Geometry Summary, both in —
Finishing and Roughing modes, as the Reference Nominal Summary
Comr for this gearset 7
D-MC
RE. YES means that the Current Geometry Summary will become the
Reference Mominal Surmmary and that all future Corrective Machine
Settings will be calculated in reference to this Neminal Summary.
Gea
Fini =] MO will prevent calculation of the Corrective Machine Settings since
o - the Nominal Geometry Summary must be defined beforehand.
Stat
Corr Heel o
Yes l ’ MNo ] |
D-MC
RE. il
ﬁ" Corrective Machine Settings Pinion - [Finishing] | 3 |
HPts | Tolerance | Order | Machine| =
%" Corrective Machine Settings - Pinion :|
E] EP Cutting Changes Order Tooth Flank Selection .
0mFE Concave-0B -0.0205
- = fa: 0 ") Drive Al P
Summ \| \ \I \v \ \ \ J\ fb: 0 _ _ Spiral Angle P
([ ———————— sy
GSum Ch: 0 ) _ Pressure Angle il
NN N NN N © 2nd @ Drive + Coast
Y . Middle Row
Toe \l \v - -\ \ _d\“g _ = J\ J\ J\ O Tooth Thickness
0gET__ —— — | 0.5495 [ Middle Column
fmml - gdsis ] 7 pleeVew 8.8307
T/___VL__VL 7 _f/ / = ———/9___74 # lterations Machine
e [ f—H———F—F——— Max. # ferafio... 20 Gleason 116
§ Nk f;VL_.T‘[/L——j;/___l;l_ /__ /” —.__—-__?4be:_0 g eason 116
= | A R ) | :
g —7 T 7 /1——-7}___/4.-___ 7/ J oo Auto Damping 3
-3 — = — = far-i. ; ) - ;
3 0.0195 ek lx l"’: T 2 [ Recalc Jacobian each tteration [ Maintain Tooth Thickness
- —V |/
= B Maintain Tooth Depth
Finion [Finishing]/Th.Err-0.0756 [Marninal | [Meas. Surface : demo_pl2rmes/1] :|
e ) o< (o)
L= T [T S [TOT T T T yored

A: Calculating Corrective Machine Settings
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Universal 5 Axis CnC Post-Processing

Closed Loop: B) Select the desired Correction iteration

HyGEARS V 4.0 © - EAVB\Demo\Demol441-ComHyG [v:4.0.405.00-457] B
Fle Edt Graphics Misc Vindow Display Page  Help

Pn |0 Q & |22 s | £ BB

<@ User TCA LTCA Geometry Loads Stock CMM CorrRE | Machine

Fini
HTee || % Cutting Machine @ @
Anim " Select Machine Setting Summary - Demol441-Corr.HyG nal] - Concave OB
Blods
Cyl
T Pinion-Gear Desired Finion -
L]
Select Desired Summary
Gea
Fini
#Tee HyGEARS V4.0 © - E\VB\Demao\Demol441-Corr.HyG [v:4.0.405.00-457] =
Anim Fle Edt Graphics Misc  Window  Display Page Help
St Pn |¢Q & (2 X 59 £ %8 E & User TCA LTCA Geomeiry Loads Stock CMM CorRE | Machine
Cyel Fini
Crad #lee || Cutting Machine =] =]
Sele Anim Cutting Machine Gleason 116 Pinion [Finishing][Nominal] - Cormess B rial] - Concve-0B
Bfods
Cux Cycl \_ Y,
#Pis Crad
0o e
rm | Gea
Fini
Summ HTee
o
; Shds Select Machine Setting Summary - Demol441-Corr.HyG =
Cycl
Crad _
Sl ‘-‘ [C 06] This operation will set the selected Pinion or Gear geometry to
= ' the choosen state in the Corrective Machine Settings History. Do you
~ wish to continue ?
Cux
HPts
w
Summ
GSum
NI
B
- Ao tl S T—Z
| [INS  [NUM [CAPE[10:21 AM [3/6/20

B: Selecting the desired Correction
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Universal 5 Axis CnC Post-Processing

Closed Loop: C) Work in 5Axis as usual

HyGEARS V 4.0 © - E\VB\Demo\Demol441-Corr HyG [v:4.0.405.00-457] (=]
File  Edt Misc  Window  Display Page  Help
fin Q& 248 5P LB EE2 UmTCALTCAGemkyLmdsStkaWCmr_R_E
Fini
HTee w," Cutting Machine =] =]
Anim Cutting Machine ChC[Ultriz] Pinion[Finishing][Corr #1] - CormvesslB . (nal] - Concave-0B |
Sifdis
Cycl \_
Crad  Slds CnC - Pinion [Finiching] Demol441-Corr.HyG - [mm] (=)
Sele Machine./ Tocl |Cycle I Cycling Time I.ﬂrbor I Face Mil I Operation I Prcce55|
Gea Machine Selection Cutting Tool
; ) 3 fuis CnC
o . Face Mil Cutter Hide Cutter Body
() 4 fods CnC
HTee - )
Anim - 5‘°°“_5 CnC "BL" [Type M] [ CoSINT |
—— © 5 fuis CnC "AL" [Type P]
ol D 5 Auis CnC "A-B" [Type F] [ End Wil
Crad () 5 Aods CnC "B-A" JType T]
Sele @ Specific Machine [ Bl b
Ultroe - .
Probe [CMM]
-
s
Omp Compensation Display
— Apex Location 0.0000 [T Display Machine Head
[rm | Alignment Angle 0,000 [T Display Arbor
= [T Display Target Grid
Summ | [ Display Target Volume
= @ Tool Center Point [TCP] Display Tool Path
S () Absolute
? 3\]: () Differential
z
&
== |[o: 146.7 /R: 485.92 X -48.30242 Y -B.36924 /2 7.58921/A: 70.13(
= =
B [oue | (e J[ ][ im J[ 0% [coreel ] I

NS MUK [CAPEN0:23 AM 376,20

C: Working in 5Axis with 15 Correction “[Corr #1]
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Universal 5 Axis CnC Post-Processing

Example: Create a sequence of Operations to:
* Rough the Flanks — 0.040 mm Stock
* Rough the Fillet — 0.020 mm Stock
» Finish the Fillet — 0 Stock
» Finish the Flanks — 0 Stock

Use the imported 11x39 spiral-bevel gear set

« " Open Geometry @

—

KJ'\:) [ 1| « MiniGears » 11:39 SpiralBevel DH ~ [ 42 ||| Search 11:x39 SpiratBevetDH P |

Organize » Mew folder =~ M ':Q:'

>

) found.000 o MName Date modified

, found.001
. found.002
. found.003
. Garmin
, GE2KAP
, HYGEARS4Data
. HYGEARS30Data
| HyGEARS40Data
, HyGEARS40
, MiniGears
1138
J 11x39 SpiralBevel DH
J 11346
., HyGMMData
) Intel
| itshfbe | < L b

|| 11x39 DH ActBlank.HyG
|| 11x39 DH GleasonSummary.HyG

m

File name: 11:39 DH ActBlank.Hy( + | HyGEARS 4 (*.HyG) - |

(o B [ e
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Universal 5 Axis CnC Post-Processing

Example:

Go into Machine mode:

* Click on “5Axis”, Gear group

*  “Machine/Tool” tab

* In “Specific Machine”, select “Mikron GF [Heidenhain]”
» Select “End Mill” tool

» Select the “Display” options

* Click on “Apply”

-
4 5Axis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] =]

Machine/Tool | Cycle | Metrics | Cycing Time | Amer | End Mill | Operation | Process | Stock |

Machine Selection Cutting Tool
) 3 s CnC
E o [ Face Mill Cutter
(71 5 A CnC "BL" [Type M] [C] CosIMT ‘
71 5 fuds CnC "AL" [Type F
(@) 5 Adis CnC "A-B" [Type P] End Mil
(©) 5 ods CnC "B-A" [Type T]
[ Ball Mil

@ Specific Machine
Mikron GF [Heidenain]
[ New ][ Edt |[Delete
Compensation
Apex Location 0.0000
Alignment Angle 0.0000

N
uuuuuu

@ Tool Canter Point [TCP]
() Absolute
() Differertial

v /DPmbe[CMM] J

Display
[ Digplay Machine Head
[ Display Mbor
[ Display Target Grid
[ Display Target Volume
Display Tool Path
[ Display Section
Lock on Tool
[T Detect Gouging

o

[ Display Waming

_/

| ouput |[ Aoty || - || Awm || ok || cancel |

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

Example:

Go into Machine mode:

* Click on “5Axis”, Gear group

* Select “Machine/Tool” tab

* In “Specific Machine”, select “Mikron GF [Heidenhain]”
» Select “End Mill” tool

» Select the “Display” options

* Click on “Apply”

" 5hxis CnC - Gear [Finishing] 11539 DH ActBlank.HyG - [mm] (==3a]
Machine/ Tool |Cyde | Metrics | Cycling Time: | Arbar | End Mil | Cperation | Process | Stock | Cutting Machine Cnl [ kron GF [Heidenain]] Gear [Fini shing]Norminal] - Concae 08

Machine Selection Cutting Tool

) 3 s CnC

: '
©) 4 s CrC [ Face Mil Cutter

-:- 5 fuis CnlC "B-C" [Type M] [ CoSIMT

) 5 s CnC "ALC" [Type P]

) 5 s CnC "A-B" [Type P End Mil

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

[T Ball Mil

@ Specific Machine
Mikron GF [Heidenain]
[ New |[ Edt |[Delete |
Compensation
Apex Location 0.0000
Alignment Angle 0.0000

nnnn
uuuuuu

@ Tool Carter Point [TCP]
() Absolute
() Differential

Probe CWM]

Display

[ Display Machine Head
[ Display Abor

[ Display Target Grid
[ Display Target Volume
Display Tool Path

[ Display Section

Lock on Tool

[ Detect Gouging

] Display Waming

v

vl

N _——

[0: 10.8/R: 11.21/X -27.0100 /Y 8.2943 /Z -16.5915 /B: -32.7967 /C. 219.6363] [1/9]

| ouput |[ Aoty [ ++ |[ aam || ok || cancel |
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Universal 5 Axis CnC Post-Processing

Example:

» Enter the data for the X6562060 tool (below)
Click on “Apply”, click on “Save”

Select “End Mill”

Tab

" Shxis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] 5|

| Machine/ Toal | Cycle | Metrics ID_.fding Time | Arbor | End Mil |Ope|ation | Process | Stock |

End Mill Details Mame  XE562060 [XEEE2060 -
// Near ][ Save ][ Delete ]
Diameter 0.6000
Edge Radi
2 0.3000 Holder Diameter l—b-d—lh :T:
Cone Angle 0.0000 Holder Length
R. Curvature 0.0000 . ! '
Cutting Length A.0000 Stem Diameter |—I~H
Cutting Length in Use 10000
Tool Length 16.9000
Stem Diameter 6.0000 Cone Angle Y 1 Tool Length
Holder Diameter 25.0000 l'
@ o Cutting Length
Holder Length 40.0000 il | ;
Holder Angl l
older Angle 0.0000 ———
\ Tip Reference . / LA .
/% | EdgeRadius
\ — . Tip Reference | Y
‘| Tool Center Point |

0.2537

= Feeds [mm./min]

:';2:; RPM 48000,

—— Rapid Move 20000 Plunge 500.0 Cutting 19520.0

| ouput || Aoty || +~ || Anm || ok || cancel |
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Universal 5 Axis CnC Post-Processing

Example:

» Enter the data for the M45713080 tool (below)

Click on “Apply”,

click on “Save”

4 5Axis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm]

-

=)

Machine/Tool | Cycle | Metrics I Cycling Time I Arbor | End Mill |Ope|atior1 I Process I Stock | " Shis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] ==/
| Machine./ Tool I Cycle I Metrics I Cycling Time I Arbor | End Mill |Opemtion I Process I Stock |
End Mill Details MName  M45713080 M45713080 -
End Mill Details Name  M45713080 M45713080 -
g ~(Cear ] [Save | (Dot ]
Diameter 0.83000 \ Dizmeter 0.3000
Edge Radius il REE 0.0200 older Diameter
< 0.0200 Holder Diameter b Cone Angle | i l_“_. Holder Length
Cone Andle 0.0000 Holder Length d 0.0000
g ! R. Curvature 0.0000 ) ) —
R. Curvature 0.0000 ’ ) ) Cutting Length 24000 Stem Diameter |[——» 49
Cutting Length 2 4000 Stem Diameter [— 4 Cutting Length in Use  2.0000
. . Tool Length 16.5000
Cutting Lengthin Use 20000 Stem Diameter 6.0000 Cone Angle Tool Length
Tool Length 16.9000 Holder Diameter 25,0000 | cutiing Lenarh
Stem Diameter G.0000 Cone Angle L g & Tool Length Holder Length 40,0000 R Curvature |[—*
| . 1 Holder Angle 0.0000
Holder Diameter 25.0000 ! Diameter —'Mﬁb L
_» Cuﬂmt LE‘hQ.ﬂ.‘l Tip Reference . I—I W
Holder Length 40,0000 , Curvature ) - ./ g¢ Radius
] Tip Reference A § .
Holder Angle 0.0000 . l | Tool (0|\|rrP.1..|r|
Diameter —rw—lﬁh
Tip Reference @ I—‘ A -
) i Edge Radius Feeds [mm./min]
Tip Reference / B RPM 43000.
Tool Center Point A Rapid Move 20000 Plunge 5000 Cutting 1200.0
L1
D 2537
— Feeds [mm./min] ’OLrtert ” Apply ” +/- ” Anim ” Ok ”Canc:el ]
03148
E 0.9205 RPM 48000.
0.9730 Rapid Mowve 20000 Plunge 0 Cutting 12000

[ouon ] (oo |

|| Anm |[ ok || cancel |
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Universal 5 Axis CnC Post-Processing

Example:

Select the “Cycle” Tab
Maximum Step depth is 0.1 [mm] (from tool manufacturer)
Make the selections as below, Click on “Apply”
Check the Metrics for Step Depth: too large => Increase #Steps

15" Operation: Rough the Flanks — 0.040 [mm] Stock with M45713080 tool

ﬁ" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

| Machine:’TooIl Cycle | Metrics IC.ynling Time |Arbor I End Mil I Ciperation I Process I Stock |

ﬁ"’ S5Axis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rm]

Machine/ Tool I Cycle | Metrics |C'_.'cling Time I Arbor I End Mil IOpemtion I Process IStock |

Output Format

[7] €5V Fomat

[7] Line Mumbers

[7] Include Operation Switches
Include Short Header

[7] Include Startt Positions

[7] Explictt Indexing

Stock-Feed
[Reqd. Sugg. Actual |
# Steps 15 Iil Start 0 [ Display
# Facewidth Pts 51 End 15  [] Display
Retract Factor AD
Constant D-Radius

n nnn

Roughing Ll
[7] No Comments Rough Stock 0,040
[] Coordinates Only Clearance [mm] I Indexing Sequence
Waork Coordinates Toe 2 SkipHE 3 Start Gap 1
[] TCPM (Heidenhain) Heel 2 Miror [ EndGap 19
Cutting Cycle
= Convex (1.B) Concave (0.B)
@ Slot by Slot ) None ) Nene
() Flank by Flank
) Toe -> Heel -» Toe ) Toe -> Heel -» Toe
O ?"?{f;ﬁ . 10.00 ) Heel -> Toe -» Heel ) Heel -> Toe -» Heel
@ To an - i -
() Combined fool Fvat 0.000 ) Toe -» Heel 1 Toe -> Heel
= ) Heel -> Toe ) Heel -> Toe
= ) 1B-OB O-Shaped ) OBHB O-Shaped
0.000 () Center Slot @ MultiPass

=

Stepping Dimensions

Boughing [Heel
Stepg Slot-W

-

12 1.8348 0.0845 a
23 1.8282 0.0844 a
>4 1.5825 0.0844 a
45 1.4374 0.0844 a
S5>8 1.4333 0.0844 a
a>7 1.3700 0.0845 a
T>8 1.3074& 0.0844 a
g3 1.2480 0.0847 a
g>10 1.1853 0.0847 a.
10=11 1.1Z55 0.0848 a.
11>12 1.08&88 0.0848 1.
12>13 1.008%& 0.0848 1.
13>14 0.551% 0.0848 1.
14>15 0.8355 0.0847 1.
Total : 1.2831
Ending Depth 1.2851

dth Step—-Depth Tot.Deq

=1 gy N e W R
=1 WO R Wy

o
Wy
o

=

=] W W
=1 R 0 s O

W 0 R

L= L = VI

th Flat-Width Flat-Prof.

Ramp-ang.

[Tooth Tip Dia
ax1
1»2
Zx3
x4
4x5

5>g

-§510
-$Z53
-400&
-¥769

-1542

heter]

322

R R R R R R

ax7

- QM

1647
3233
4337
6581
8242
9830

oo ooooo

a
a
a
a
a
a
)

1538

m

(oupa ] oy ][] [rom ] o] (o]

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |

© Involute Simulation Softwares Inc. 2021




Universal 5 Axis CnC Post-Processing

Example:

15" Operation: Rough the Flanks — 0.040 [mm] Stock

Select the “Cycle” Tab

» Increase #Steps to 25; Click on “Apply”

Check the Metrics for Step Depth: Ok this time

" Shxis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] 23] Pis CnC - Gear [Finishing] 11333 DH ActBlank.HyG - [mm] (=230
| Machine:’TooIl Cycle | Metrics IC.ynling Time |Arbor I End Mil I Ciperation I Process I Stock | thine/Tool I Cycle | Metrics |C'_.'cling Time I Arbor I End Mill IOpemtion I Process IStock |
Output Format Stock-Feed ing Di =
epping Dimensions
[F] €SV Format [Reqd. Sugg. Actual |
om # Stens = ; hz>13 1.z952 0.0507 0.6588 0.0546 0.0000 - -
7] Line Numbers P ) s IH_“I =0 [ Display 13>14 1.2583 0.0508 0.7036 0.0545 0.0000 -
#Facewidth Pts 51 End 25  [] Display har1s 1.2218 0.0s08 0.7804 0.0545 0.0000 -
[C] Include Operation Switches Retract Factor 4 15>16 1.1853 0.0508 08112 0.0544 0.0000 -
Include Short Header = 1E>17 1.1433 0.0509 0.8821 0.0544 0.0000 - =
N Constant D-Radius L7>1g 1.11386 0.0509 0.9130 0.0543 0.0000 -
[T Include Start Positions hg>13 1.0783 0.0503 0.9633 0.0542 0.0000 -
[ Exlict Indexing ) 0.000 15>20 1.0433 0.0509 1.0148 0.0542 0.0000 -
] NoC - Roughing Rouch Stock borz1 1.0088 0.0503 1.0857 0.0542 0.0000 -
0 LOmMELS g 0.040 b1vzz 0.9743 0.0503 1. 0.0541 0.0000 -
[7] Coordinates Only cl [ = E2>23 0.340 ATt~} 1 0.0540 0.0000 -
earance [mm Indexing Sequence
Work Coordinates [mm] i basza G_SFF{ 0.0509 1. 0.0538 0.0000 -
Toe 2 Skip # Start Gap 1 bavrzs 0.2f34 0.0s08 1. 0.0537 0.0000 -
[T TCPM (Heidenhain) Heel 2 Mirror EndGap 139 btal - 1.2691
nding Depth 1.2851
Cutting Cycle
= Convex (1.B.) Concave (O.B.) inishing Concgve-OB [Heel] [mm]
@) Slot by Slot @ None @ None Step Slot-W{dth Step-Depth Tot Degth Flat-Width Flat-Prof. Hamp-Ang.
() Flank by Flank i i
I Toe -> Heel -» Toe I Toe -> Heel -» Toe Foocth Tip Diateter]
) Fillet-Root 10.00 - . - T 0>l z_8$10 0.098% 0. 0.0000 0.0000 0.14&9
) GRS IET iR GRS IET iR 12 Y T 0.0988 o. 0.1143 0.0000  0.1487
LA Tool Pivot 0.000
@ Combined : F) Toe = Hedl F) Toe = Hedl 223 z_sfo3 0.0987 0. 0.1141 0.0000 0.1466
- ] ] 3v4 z_a}s5 0.0987 0. 0.1139 0.0000 0.1466
0,000 ) Heel -> Toe ) Heel -> Toe 4»5 z.3$10 0.0987 0. 0.1138 0.0000 0.1465
— ) 1B-OB O-Shaped ) OB-B O-Shaped 526 z_zf&9 0.0986 0.5 0.1136 0.0000  0.14&5
0.000 &7 z._zfsz 0.0986 0. 0.1135 0.0000  0.14&5
0.000 ) Center Slot @ MultiPass T>8 2.1 Q 0.1002 o. 0.1150 0.0000 0.1513 .
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

15" Operation: Rough the Flanks — 0.040 [mm] Stock
» Select the “Cycling Time” Tab
* Operation time ~ 36 min.

" Shxis CnC - Gear [Finishing] 11333 DH ActBlank.HyG - [mm] (=230

| Machine, Tool I Cycle I Metrics | Cycling Time |Porbor I End Mill IOpemtion I Process IStock |

Concave-CB

Line: 0.59 [s3eec]
Face: 43.28 [s3eec]
Plunge/Retract: 1.00 [sec]
Return: 0.5€ [3eec]
Total/Slot: £3.85 [s3eec]
Indexing: 1.87 [=ec]

# Slots: 33
Operation: 36.05% [min]

Cutting Feed: 1320.00 [mm/min]

Plunge Feed: 500.00 [mm/min]

Rapid Move Feed: 2000.00 [mm/min]
Tool RPM: 48000.00

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processin

Example:

» Select the “Operation” Tab
o Enter the data as shown below

* Click on “Apply”; click on “Save”

15" Operation: Rough the Flanks — 0.040 [mm] Stock

#" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

ﬁ"’ S5Axis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rm]

Coolant On Coolant On Code 8

Coolant Off Code 9

Spindle CW

[T Spindle CCW
[7] Retum Trip

H Steps 11
Rapid Move [mm/min] 20000
Plunge [mm./min] 500.0
Cutting [mm./min] 15200

(el
| Machine/Tool | Cycle | Metrics | Cycling Time | Abor | End Mill | Operation | Process | Stock | | Machine/Tool | Cycle | Metrics | Cycling Time | Abor | End Mill | Operation | Process | Stock |
Operation Operation
Mame 1) R Flank-0.2 EM-{1-25/25] - =
D& TESTOA Intemal Subroutine D& TESTMA Intemal Subroutine 1) R Fank-0.8 EM-[1-75/2
[ Save || Delete | [ mport | [Output | SIEP | Save | [Delete | [ import | [Output | [ sTEP |
7

Tool Change Tool Change

Too ID 10 0 0 0 0 0 Tool ID 0 0 0 D

Gap# 1 0 ] 0 ] 0 Gap # ] 0 0 ]
Switches Switches

}7 Spindle RPM 430000
’ %

Coolant On Coolant On Code 8

Coolant Off Code 9

}7 Spindle RPM 42000

Spindle CW

[T] Spindle CCW
[C] Retum Trip

# Steps 1
Rapid Move [mm./min] 20000
Plunge [mm./min] 500.0
Cutting [mm./min] 1920.0

(oo ] (o ) [ ] [rom ] o] (o]

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

15t Operation: Rough the Flanks — 0.040 [mm] Stock
* Visualize your Operation,
 “Anim” and /or “+/-"; Zoom in / out for better view

Cutting Machine CnC [Mikron GF [Heidenain]] Gear [Finishing][Nominal] - Concve-0B

[q -7.2/R: -7.45 Xw. 19.8646 w: -0.7337 [Zw: -5.2063 /B: -14.8406 /C: 180.3084] [0/25]
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Universal 5 Axis CnC Post-Processing

Example:

15" Operation: Rough the Flanks — 0.040 [mm] Stock
* Click on “Output” to generate the part program
* Click on File->Save to save your program

4w Part Program for : Gear [Finishing] 11:39 DH ActBlank.HyG =n ===
File Edit
EEGIN PFGM TESTO1a MM

TRARAARRRRARRRRAARRRAS

; PROGRAM NAOME

- - —17-3 wd . . -
¢ PROGRAM DATE 203 1_ 2018 w Part Program for: Gear [Finishing] 11239 DH ActBlank.HyG @
: SUMMARY VERSION [Nominall]
:TCOL ID : 10 ) - .
oo DIAMETER 080 (] Savein: || 11x39 SpiralBevel DH - @7 -
:TOOL LENGTH : 16.90[mm] - -
P T T T T R T e [ Mame Date modified T}rpe
P e Eegin Feed Strings ---——-———————— ey .
FN 0: Q1600 = +2000.0000 " tjl;l Mo items match your search,
FN 0: Q1601 = +500.0000 =
FN 0: Q1602 = +1200.0000
FN 0: Q1603 = +48000 !
FN 0: Q1604 = +3
FHN 0: Q1605 = +10 Degktgp
FM 0: QLE06 = +8
FN 0: Q1607 = 40 e
;e End Feed Strings --—-—————-————-- —
-_l_-l_-l-l
TCOL CALL 10 Z S5Q1603 S
M3 Libraries
ME
P Start Preamble ————————————————— fi L
M123 .
CYCL DEF 7.0 NULLEUNKT Computer
CYCL DEF 7.1 X+0
CYCL DEF 7.2 ¥+0 = Y
CYCL DEF 7.3 Z+0 ‘._L\
CYCL DEF 7.4 B+0 1 i k
CYCL DEF 7.5 C+0 Metwork
M140 ME MAX F5000 File name: ESTO1AR - Save
L X+0 Y+0 F2000
L Z+120 F2000 Save as type: [{'_h]. v] [ Cancel ]
PLANE RESET MCVE F5000

M11
M16

4 m

: 1) R Flank-0.8

va -
&

EARRERAREERRRRERR

EM-[1-25/25]

-
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Universal 5 Axis CnC Post-Processing

Example:

Select the “End Mill” Tab; select the X6562060 tool

* Maximum Step depth is 0.03 [mm] (from tool manufacturer)
* Make the selections as below, Click on “Apply”

Check the Metrics for Step Depth: too large => Increase #Steps

2" Operation: Rough the Fillet — 0.030 [mm] Stock with X6562060 tool

ﬁ" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

| Machine:’TooIl Cycle | Metrics IC.ynling Time |Arbor I End Mil I Ciperation I Process I Stock |

[l

fis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rmm]

thine/ Tool I Cycle | Metrics |C'_.'cling Time I Arbor I End Mil IOpemtion I Process IStock |

Output Format Stock-Feed epping Dimensions
[Reqd. Sugg. Actual |
I:l CSWV Format #Steps 3 [8' Gt _Il D Di5p|a}’ inishing Ccuc:ax_.'e—DB [Toe] [mm] o ) s
|:| Line Numbers . I_I Stepg Slot Width Step Depth Tot._Depth Flat Width Peak-Fill.
# Facewidth Pts 59 End g [ Display
[7] Include Operation Switches Retract Factor 40 lTooth Form Diameter] =
Include Short Header ) : Ferting Depth: 1.3120
£l N Constant D-Radius 1>z 0.8507 0.0402 1.3532 0.0452 0.0005 -
[T Include Start Positions 2w 0.2143 0.03&8 1.3901 0.0440 0.0005 -
[ Ewlicit Indexing ) 0.000 3v4 0.7735 0.0831 1.4232 0.04z8 0.0008 -
1 NoC o Roughing Rouch Stock 4»5 0.7283 0.0zs1 1.4523 0.0418 0.0008 -
0 LOmMELS g 0.02 5»E 0.6755 0.0z4a 1.4771 00408 0.0008 -
[7] Coordinates Only Clearance [mm] [ Indexing Sequence a»7 0.8200 0.0203 1.4373 0.0401 0.0008& -
Work Coordinates — 5000 Sip# 1 antGop ] 728 0.5609 0.0155 1.5128 0.0334 0.0008 -
: 8»9 0.4989 0.0294 1.s5422 0.3125% 0.0216 -
[C] TCPM (Heidenhain) Heel 2000 Mimor [ EndGap 19 btal - 0.zz32
nding Depth 1.5422
Cutting Cycle
= Convex (1.B) Concave (O.B.) inishing Concai
@ Slot by Slot @ None @ None Step# Slot Width Step Depth Ic:t\:)epth Flat Width Peak-Fill.
() Fank by Fanlk ) )
() Toe -> Heel -> Toe () Toe -> Heel -> Toe Toocth Form Digmeter]
@ Fillet-Root 10.00 . . . . tarting Depth 2.5257
) Tooth Fank 0,000 ) IR TR SEE ) GRS IET iR 122 0.8f89 0.0450 z.57q7 0.0552 0.0005  0.0147
) Combined : ") Toe -» Heel ") Toe -» Heel 223 0.8§91 0.0411 z.61ls 0.0547 0.0006 0.0132
- ] ] 3v4 0.7$38 0.0369 z.64gs 0.0544 0.0006 0.01186
() Chamfer Tool Side Depth 0.000 ) Heel > Toe ) Heel > Toe 45 0.7438 0.0324 2 &8z 0.0540 0.000&  0.0100
©) Chamfer Tool End —— ©) 1B-OB 0-Shaped ) QBB O-Shaped 526 0_s$89 0.027% z.7047 0.0538 0.0007 0.0084
) Chamfer Tos 0.000 - - &7 i LE 0.0zz4 z.731z 0.0536 0.0007  0.00&7
o 0.000 (™) Center Slot @ MuttiPass 728 o_aﬁ 0.0171 z.7493 0.0535 0.0007 0.0050 o
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

2" Operation: Rough the Fillet — 0.020 [mm] Stock
Select the “Cycle” Tab

* Increase #Steps to 15; Click on “Apply”
Check the Metrics for Step Depth: Ok this time

ﬁ" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

[l

fis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rmm]

Output Format Stock-Feed epping Dimensions
[F] €SV Format [Reqd. Sugg. Actual |
st # Steps = X tarting Depth: 1.25981 .
7] Line Numbers P ) 1 IH_“I St [ Display 1»2 0.5834 0.0252 1.3213 0.0275 0.0002 -
#Facewidth Pts 51 End 15  [C] Display 2w 0.2440 0.0z41 1.3454 0.0271 0.0002 -
[C] Include Operation Switches Retract Factor 4 34 08226 0.0223 1.3684 00267 0.0002 - e
Include Short Header & 15 0.7930 0.0217 1.3301 0.0263 0.0002 -
N Constant D-Radius 56 07735 0.0203 1.4104 00258 0.0002 -
[T Include Start Positions &7 0.7481 0.o18s 1.4z93 0.0254 0.0002 -
[ Ewlicit Indexing ) 0.000 728 0.7170 0.017% 1.4468 0.0251 0.0002 -
1 NoC o Roughing Rouch Stock g»3 0.6861 0.01s3 1.4827 0.0247 0.0002 -
0 LOmMELS g 0.02 9210 0.6538 0.0143 1.4771 0.0244 0.0002 -
[7] Coordinates Only cl [ = no>11 0.8200 A Bt Kk Id898 0.0241 0.0002 -
earance [mm Indexing Sequence
Work Coordinates T [mm] - #"g 11>12 0_59{4{ 0.0110 1%8 0.0239 0.000z -
iz 2.000 ip /3 Start Gap 1 hor13 0.54a7 0.0093 1511 0.0237 0.0002 -
[C] TCPM (Heidenhain) Heel 2000 Mimor [ EndGap 19 13>14 0.sl1s 0.0075 15197 00235 0.0002 -
11>15 0_4f35 0.0z48 1.5432 0.2372 0.018% -
Cutting Cycle btal - 0.Z2482
= Convex (1.B.) Concave (0.B) hding Depth 1.5422
@ Slot by Slot ) None ) Nene
() Flank by Flank i i inishing Concgve—-0B [Heel] [mm]
| Toe -» Heel -> Toe | Toe - Heel -> Toe Stepg Slot Width Step Depth Tot |Depth Flat Width  Feak-Fill.
@ Fillt-Root 10.00 ) Heel -» Toe -» Heel ) Heel -» Toe -» Heel
~) Tooth Fank e —— Tooth Form Digmeter]
Combined — ) Toe -> Heel ) Toe -> Heel Farting Depth 2_5087 N
] ] 122 0.sp3z 0.0283 z.s390 0.0333 0.0002  0.0094
() Chamfer Tool Side Depth 0.000 | Heel -> Toe ) Heel -> Toe >3 o.8f13 0.0270 2 5640 0.0331 0.0002  0.0088
) Chamfer Tool End —— ) 1B-OB O-Shaped ) OB-B O-Shaped 3v4 0.8475 0.0257 z.58797 0.0330 0.0002  0.0083
© Chanfer Toe 0.000 ) ) . 425 0.8}16 0.0z4z z.61ls 0.0328 0.0002  0.0077
e 0.000 ) Ceniter Slot @ MuttiPass 526 G_TQ 0.0227 2?5 0.0327 0.0002  0.0072 o
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:  2"? Operation: Rough the Fillet — 0.020 [mm] Stock
» Select the “Cycling Time” Tab
* Operation time ~ 16 min.

" Shxis CnC - Gear [Finishing] 11333 DH ActBlank.HyG - [mm] (=230

Concave-CB

Line: 0.59 [s3eec]
Face: 17.58 [s3eec]
Plunge/Retract: 1.00 [sec]
Return: 0.5€ [3eec]
Total/Slot: 22.15 [=3eec]
Indexing: 1.87 [=ec]

# Slots: 33
Operation: 15.48 [min]

Cutting Feed: 1320.00 [mm/min]

Plunge Feed: 500.00 [mm/min]

Rapid Move Feed: 2000.00 [mm/min]
Tool RPM: 48000.00

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processin

Example:
» Select the “Operation” Tab

o Enter the data as shown below
s click on “Save”

* Click on “Apply”

2" Operation: Rough the Fillet — 0.020 [mm] Stock

#" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

ﬁ"’ S5Axis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rm]

Coolant On Coolant On Code 8

Coolant Off Code 9

}7 Spindle RPM 430000

Spindle CW

[T Spindle CCW
[7] Retum Trip

H Steps 11
Rapid Move [mm/min] 20000
Plunge [mm./min] 500.0
Cutting [mm./min] 15200

| Machine/Tool | Cycle | Metrics | Cycling Time | Abor | End Mill | Operation | Process | Stock | | Machine/Tool | Cycle | Metrics | Cycling Time | Abor | End Mill | Operation | Process | Stock |
Operation Operation
Mame  2) R Filet-0.6 EM-[1-15/15] 1) R Flank-0.8 EM{1-25/25] Name  2) R Fillet-0.6 BM{1-15/15] ) R Fillet 0.6 BM[1-15/15]
D& TESTO1B Intemal Subroutine ID#  TESTDIE Intemal Subrouting [ 1) R Fank-0.8 EM1-25/25
R Fillet-0.6 BM{1-15/1
[ Save || Delete | [ mport | [Output | SIEP [ Save | [Delete | [ import | [Output ] | STEP

Tool Change Tool Change

Tool ID 11 0 ] 0 0 0 Toal ID 0 0 0

Gap# 1 0 ] 0 ] 0 Gap # ] 0 0 ]
Switches Switches

Coolant On Coolant On Code 8

Coolant Off Code 9

}7 Spindle RPM 42000

Spindle CW

[T] Spindle CCW
[C] Retum Trip

# Steps 1
Rapid Move [mm./min] 20000
Plunge [mm./min] 500.0
Cutting [mm./min] 1920.0

(oupa ] oy ) =] Lo ] o

| output || Apply || || anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

2" Operation: Rough the Fillet — 0.020 [mm] Stock

Visualize your Operation,
“Anim” and / or “+/-"; Zoom in /out for better view

Cutting Machine CnC [Mikron GF [Heidenain]] Gear [Finishing][Nominal] - Concve-0B

[g 104 /R 10.82 Low: 16.6413 Mw:  1.2802 [Zw: -6.0368 /B: -18.7065/C: 180.2558] [1/15]
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Universal 5 Axis CnC Post-Processing

2" Operation: Rough the Fillet — 0.020 [mm] Stock
* Click on “Output” to generate the part program
* Click on File->Save to save your program

Example:

ﬁ" Part Program for: Gear [Finishing] 11:39 DH ActBlank.HyG
File  Edit

[F=N O =5

BEGIN PGM TESTO1E MM

PR KR E R R R AR RA KRR AR R AR AR RA R AR AR R AR R HR

; PROGEAM NILME : 2) R Fillet-0.6 BM-[1-15/15]
; PROGEAM DRTE : 03-17-201e

; SUMMARY VERSION [Hominal]

7

s

oor DeaMETER ; ;?GO[M] " Part Program for : Gear [Finishing] 11:39 DH ActBlank.HyG =]
SO GOUSos SN Savein: | 11x39 SpialBevel DH - 0F > E

; mmm————————— Begin Feed S5trings -—--—-——-————-—- -~

FN 0O: Q1600 = +2000.0000 L = MName Date modified T}pr
I 0 Q1601 = +500.0000 = . TESTO1Ah 3/17/2016 748 PM  HFile
FN 0: Q1602 = +1920.0000 Recent Places

FN 0: Q1603 = +48000

FN 0: Q1604 = +3

FN 0: Q1605 = +11 !

FN 0: Q1606 = +8

FN O: Q1607 = +0 Desktop

;. End Feed Strings --—-—————— —

TOOL CALL 11 Z 501603 F

M3 -_l_-l_-lJ

M8 Libraries

P o ——— S5tart Preamble —————————————————

M129 .-

CYCL DEF 7.0 NULLEBUNKT L=

CYCL DEF 7.1 X40 Computer

CYCL DEF 7.2 ¥+40

CYCL DEF 7.3 Z+40 “y,,

CYCL DEF 7.4 B+40 G__L\

CYCL DEF 7.5 C+0 P J 1 G
M140 MB MAX F5000

L X+0 Y+0 F2000 File name: - Save

L Z+120 F2000

PLANE RESET MOVE F5000 Save astype: [{'-h} ’] [ Cancel l
M11

M16 -

o e 2
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Universal 5 Axis CnC Post-Processing

Example:

Select the “End Mill” Tab; select the X6562060 tool
Maximum Step depth is 0.03 [mm] (from tool manufacturer)

Make the selections as below, Click on “Apply”
Check the step depth in the “Metrics "tab; Ok

3" Operation: Finish the Fillet — 0.0 [mm] Stock with X6562060 tool

ﬁ" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

[l

fis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rmm]

Output Format Stock-Feed epping Dimensions
[F] €SV Format [Reqd. Sugg. Actual |
st # Steps = X tarting Depth: 1.25981 .
7] Line Numbers P ) 1 IH_“I St [ Display 1»2 0.3034 0.0252 1.3213 0.0275 0.0002 -
#Facewidth Pts 51 End 15  [C] Display 2w 0.2840 0.0z41 1.3454 0.0271 0.0002 -
[C] Include Operation Switches Retract Factor 4 34 08826 0.0223 1.3684 00267 0.0002 - e
Include Short Header & 15 0.8330 0.0217 1.3301 0.0263 0.0002 -
N Constant D-Radius 5»6 0.8135 0.0203 1.4104 0.0258 0.o002 -
[C] Include Start Positions Moving Cortact Pt [E] &>7 a.7861 0.0188  1.4293 0.0254 0.o00z -
[7] Edlicit Indexing Roughin [ Finish Stock 0,000 ] 0.7E570 0.0175 1_4488 0.0251 0.0002 -
1 NoC " aning e 8»9 0.7281 0.015% 1.4827 0.0247 0.0002 -
0 LOmMELS 1ilal 9210 0.6938 0.0143 1.4771 0.0244 0.0002 -
[7] Coordinates Only Clearance [mm] [ Indexing Sequence no>11 0.8&800 0.0127 1.48%8 0.0241 0.0002 -
Work Coordinates T —_ 11>12 0.8249 0.0110 1.5008 0.0239 0.0002 -
iz 2.000 ip /3 Start Gap 1 hor13 0.5887 0.0093 1.5101 0.0237 0.0002 -
[C] TCPM (Heidenhain) Heel 2000 Mimor [ EndGap 19 13>14 05515 0.0075 1.8177 00235 0.0002 -
11>15 0.5135 0.0z48 1.s5422 0.2372 0.018% -
Cutting Cycle btal - 0.Z2482
= Convex (1.B.) Concave (0.B) hding Depth et
@ Slot by Slot ) None ) Nene
) Flank by Flank - - inishing Concgve—OB [Heel] [mm]
@ Toe - Heel -> Toe @ Toe - Heel -> Toe Stepg Slot §idth Step Depth Tot |Depth Flat Width  Deak-Fill.
© Fillst-Root Tool Tit 1000 () Heel == Toe - Heel () Heel == Toe - Heel
(™) Tooth Aank " B B Tooth Form Digmeter]
@ Combined — ") Toe -> Heel ") Toe -> Heel barting Depth 25087
- ] ] 122 0_sp3z 0.0283 z.s390 0.0333 0.0002  0.0094
() Chamfer Tool Side Depth 0.000 ) Heel > Toe ) Heel > Toe >3 0.s{13 0.0270 2 5640 0.0331 0.0002  0.0088
) Chamfer Tool End —— ©) 1B-0B O-Shaped ) QBB O-Shaped 3v4 0.8475 0.0257 z.58797 0.0330 0.0002  0.0083
) Chamfer Tos 0.000 - - 15 0.8f16 0.0z4z z.61ls 0.0328 0.0002  0.0077
o 0.000 ) Rock Me [babe] 526 G_SQ 0.0227 z.6395 0.0327 0.0002  0.0072 o
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example: 3" Operation: Finish the Fillet — 0.0 [mm] Stock
» Select the “Cycling Time” Tab
* Operation time ~ 16 min.

" Shxis CnC - Gear [Finishing] 11333 DH ActBlank.HyG - [mm] (=230

Concave-CB

Line: 0.59 [s3eec]
Face: 8.79 [s3eec]
Plunge/Retract: 1.00 [sec]
Return: 0.5€ [3eec]
Flzank: 11.3€ [s3eec]
Convex-IB

Line: 0.80 [3eec]
Face: 9.00 [3ee]
Plunge/Retract: 1.00 [sec]
Return: 0.58 [3eec]
Flznk: 11.58 [s3eec]
Total/Slot: 22.94 [s3eec]
Indexing: 1.87 [=ec]

# Slots: 33
Operation: 16.00 [min]

Cutting Feed: 1320.00 [mm/min]

Plunge Feed: 500.00 [mm/min]

Rapid Move Feed: 2000.00 [mm/min]
Tool RPM: 48000.00

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

3" Operation: Finish the Fillet — 0.0 [mm] Stock
» Select the “Operation” Tab

» FEnter the data as shown below

* Click on “Apply”; click on “Save”

#" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

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

[l

fuis CnC - Gear [Finishing] 11539 DH ActBlank.HyG - [mm] (=230

thine/Tool | Cycle | Metrics | Cyciing Time | Abor | End Mil | Operation | Process | Stock |

Coolant Off Code 9

Spindle CW
Spindle RPM
[] Spindle CCW 48000

[ Retum Trip
H Steps 1

Rapid Move [mm/min] 20000

Operation peration
Mame  3) F Fillet-0.6 BM{1-15/15] 2) R Fillet-0.6 BM{1-15/15] me— 3 FFiltet=E-6-BM-H—51 5] ) F Fillet-0.6 BM-[1-151 H
ID#  TESTOC] Intemal Subrovtine #  TESTOIC Intemal Subrovtine 1) R Fank-0.8 EM1-25/25]
2) R Fillet-0.6 BM{1-15/15]
| Save | [ Delete | [ import | Output | | Save | [Delete | [ import | [Output | E{_’b‘_ Fillet-0.6 BM-[1-15/1
pd

Tool Change pol Change

Tool ID 11 0 0 0 0 0 Tool ID ] 0 0 0 1]

Gap# 1 0 ] 0 ] 0 Gap # ] 0 ] 0 ]
Switches witches

Coolant On Coolant On Code 8 Coolant On Coolant On Code 8

Coolant Off Code 9

Spindle CW
Spindle RPM
[] Spindie CCW 48000

[ Retum Trip
# Steps 1

Rapid Move [mm./min] 20000

Plunge [mm./min] 500.0 Plunge [mm./min] 500.0
Cutting [mm./min] 1520.0 Cutting [mm./min] 1920.0
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

3" Operation: Finish the Fillet — 0.0 [mm] Stock
* Visualize your Operation,
 “Anim” and /or “+/-"; Zoom in /out for better view

Cutting Machine CnC[Mikron GF [Heidenain]] Gear [Finishing][Mominal] - Concavwe-0B

[q: -171/R:-17.75 Mw: 23.0668 Mw: -4.0131 2w -B.5242 /8. -17.0237/C: 128.4617] [2115]
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Universal 5 Axis CnC Post-Processing

Example:

3" Operation: Finish the Fillet — 0.0 [mm] Stock
* Click on “Output” to generate the part program

* Click on File->Save to save your program

" Part Program for : Gear [Finishing] 11:39 DH ActBlank.HyG =n ol ="
File Edit
BEGIN PGM TESTO1C MM

PR AR R R AR R KRR R R AR R R R AR AR AR R R AR AR AR R AR

s PROGRAM NRAME
;PROGRAM DATE 1 03-17-2016
;s SUMMARY VERSICN [Hominal]
;TCOOL ID : 11

;TCOOL DIAMETER : 0.60[mm]
;TOOL LENGTH : 16.50 [mm])

: 3) F Fillet-0.6 BM-[1-15/15]

PR AR R R AR R KRR R R AR R R R AR AR AR R R AR AR AR R AR

FN 0: Q1600 = +2000.0000

FN 0: Q1601 = +500.0000

FN 0: Q1602 = +1920.0000

FN 0: Q1603 = +48000

FN 0: Q1604 = +3

FN 0: Q1605 = +11

FN 0: Q1606 = +8

FN 0: Q1607 = +0

e End Feed Strings

TOOL CALL 11 Z 5Q1603

M3

Ma

P Start Preamble -——
M129

CYCL DEF 7.0 NULLPUNKT

CYCL DEF 7.1 X+0

CYCL DEF 7.2 ¥+0

CYCL DEF 7.3 Z+40

CYCL DEF 7.4 B+0

CYCL DEF 7.5 C+0

M140 MB MAX F5000

L X+0 Y+0 F2000

L Z+120 F2000

PLANE RESET MOVE F5000
M11

M16

Mlz2a

4 LU

Begin Feed Strings

vd -

w Part Program for : Gear [Finishing] 11x39 DH ActBlank.HyG e
Savein: | 11x39 SpiralBevel DH - & 5 il FEF g
b MName : Date modified Type
e _ TESTO1Ah 3/17/2016 T:48 PM H File
RecentPlaces ™ 1pqypipn 3/17/2016 52 PM  HFile
Desktop
w=nll
Libraries
LY
Computer
@
LS ] 1 P
Metwork
File name: ESTO1C h - Save
Save as type: [{‘_h} v] [ Cancel l
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Universal 5 Axis CnC Post-Processing

Example:

4" Operation: Finish the Flank — 0.0 [mm] Stock with M45713080 tool
Select the “End Mill” Tab; select the M45713080 tool
Flat-Prof deviation < 2 um

Make the selections as below, Click on “Apply”
Check the “Flat-Prof” in the “Metrics” tab,; ~ 0.1 um -> Ok

ﬁ" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm]

[l

| Machine/ Tool | Cycle

fis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rmm]

thine/ Tool I Cycle | Metrics |C'_.'cling Time I Arbor I End Mil IOpemtion I Process IStock |

Output Format Stock-Feed epping Dimensions
[Reqd. Sugg. Actual |
I:l CSV Format # Steps 15 [15] Stat 1 D Display tarting Depth: 0.1035 ( \ -
7] Line Numbers ) L 122 1.7881 0.1008 0.2041 0.1094 0.0001 -
#Facewidth Pts 51 End 15  [C] Display 2w 1.6940 0.0973 0.3014 0.1058 0.0001 -
[C] Include Operation Switches Retract Factor 4 34 1. 8261 0.0954 0.3388 0.1032 0.0001 - e
7| Include Short Headsr : 15 1.5580 0.0920 0.4388 0.0394 0.0001 -
Constart D-Radius [ 5»6 1.4918 0.0834 0.s7az 0.0984 0_o001 -
[C] Include Start Positions Maving Contact Pt &>7 1.4274 0.0262  0.6450 0.0334 0.0001 -
[7] Edlicit Indexing Roughin [ Finish Stock 0,000 ] 1.3848 0.0842 0.7452 0.0%04 0.0001 -
1 NoC " aning e 8»9 1.8037 0.0316 o.zkos 0.0874 0.0001 -
0 LOmMELS 1ilal 9210 1.z44z 0.0791 0.9100 0.0846 0.0001 -
[7] Coordinates Only Clearance [mm] [ Indexing Sequence no>11 1.1883 0.07&8 0.%9888 0.081% 0.0001 -
Work Coordinates ) h1>12 1.1300 0.0740 1.0808 0.07886 0.0000 -
Toe 2.000 Skip# /3 Start Gap 1 hor13 1.07sz2 0.07z1 1.1323 0_0765 0.0000 -
[C] TCPM (Heidenhain) Heel 2000 Mimor [ EndGap 19 13>14 1.0z18 00836 1.2025 0.0736 0.0000 -
1415 0.3703 0.0873 1.26398 0.0710 0.0000 -
Cutting Cycle btal - 1.1683
D Soiby S Convex (1.B.) Concave (O.B.) hding Depth 1.2638
@ Slot ot _ _
- ) None ) None
Flankb'_.'FIank _ _ inishing Concawve—0B [Heel] [mm]
@ Toe - Heel -> Toe @ Toe - Heel -> Toe Stepi Slot-Width Step-Depth Tot.Depth Flat-Widtl Flat-DProf. Ddmp-Ang
Fillet-Root 10.00 ) Heel == Toe -> Heel ) Heel == Toe -> Heel - -
i@ Tooth Flank Tool Pivat 0.000 - - Tooth Tip Diameter]
) Combined : | Toe -» Heel | Toe -» Heel Farting Depth: 0.1386
- ] ] 122 2_5984 0.1941 0.3927 0.22386 0.0001 .ZB&7
() Chamfer Tool Side Depth 0.000 | Heel -> Toe ) Heel -> Toe >3 Z_4684 0.1886 0.5813 0.2170 0.0001 .Z2738
) Chamfer Tool End —— ) 1B-0B O-Shaped ) OB-B O-Shaped 324 2.3407 0.1336 0.7649 0.2109 0.0001 2708
e T T | B o cme e o ol s (o
: ——— i ve - nas o - o
| Chamfer Heel ekl moosEs =T =-0e . ! i \ i /) <7 i
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example: 4™ Operation: Finish the Flank — 0.0 [mm] Stock
» Select the “Cycling Time” Tab
* Operation time ~ 23 min.

" Shxis CnC - Gear [Finishing] 11333 DH ActBlank.HyG - [mm] (=230

| Machine, Tool I Cycle I Metrics | Cycling Time |Porbor I End Mill IOpemtion I Process IStock |

Concave-CB

Line: 0.32 [3eec]
Face: 14.02 [s3ee]
Plunge/Retract: 1.00 [sec]
Return: 0.5€ [3eec]
Flzank: 18.59 [s3eec]
Convex-IB

Line: 0.3¢ [3eec]
Face: 14.47 [s3ee]
Plunge/Retract: 1.00 [sec]
Return: 0.58 [3eec]
Flznk: 17.05 [s3eec]
Total/Slot: 33.64 [3eec]
Indexing: 1.87 [=ec]

# Slots: 33
Operation: 22.35 [min]

Cutting Feed: 1200.00 [mm/min]

Plunge Feed: 500.00 [mm/min]

Rapid Move Feed: 2000.00 [mm/min]
Tool RPM: 48000.00

| ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example: 4™ Operation: Finish the Flank — 0.0 [mm] Stock
» Select the “Operation” Tab
» Enter the data as shown below
* Click on “Apply”; click on “Save”
#" 5Axis CnC - Gear [Finishing] 1139 DH ActBlank.HyG - [mm] @ fis CnC - Gear [Finishing] 11x39 DH ActBlank.HyG - [rmm] @
| Machine/Tool | Cycle | Metrics | Cycling Time | Abor | End Mill |} Operation || Process | Stock | thine/Tool | Cycle | Metrics | Cyciing Time | Abor | End Mil | Operation | Process | Stock |
Operation ] peration
Mame 4} F Flankt-0.8 BM-[1-15/15] - re—t-F-Fartct=5-E- B 5] —> t]
ID#  TESTOID Intemal Subroutine J #  TESTOID Intemal Subroutine 1) R Fank-0.8 EM1-25/25]
2) R Fillet-0.6 BM-1-15/15]
e Lo e e Con) (o) on) (]
Tool Change pol Change
Tool ID 10 0 0 0 0 0 Tool ID 0 0 0 ]
Gap# 1 0 ] 0 ] 0 Gap # ] 0 0 ]
Switches witches
Coolant On Coolant On Code 8 Coolant On Coolant On Code 8
Coolart Off Code  § Coolant Off Code  §
Spindle CW ] A Spindle CW )
Spindle RFM Spindle RPM
] Spindie CCW P 42000.0 7] Spindle CCW pnee 42000
[ Retum Trip [ Retum Trip
H Steps 1 H Steps 11
Rapid Move [mm/min] 20000 Rapid Move [mm./min] 20000
Plunge [mm./min] 500.0 Plunge [mm./min] 500.0
Cutting [mm./min] 1200.0 Cutting [mm./min] 1200.0
| ouput |[ Apply || +~ || Anm || Ok || Cancel | | ouput |[ Appy || +~ || Anm |[ ok || Cancel |
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Universal 5 Axis CnC Post-Processing

Example:

4™ Operation: Finish the Flank — 0.0 [mm] Stock

Visualize your Operation,
“Anim” and / or “+/-"; Zoom in /out for better view

Cutting Machine ChC[Mikron GF [Heidenain]] Gear [Finishing][Nominal] - Concwse-0B

[ -1.4/R: -1.43 XMw: 21.0115/¥w: -1.8313 2w -7.3760/B: -34.6347 /C: 201.0535] [1/15]

2
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Universal 5 Axis CnC Post-Processing

Example:

4™ Operation: Finish the Flank — 0.0 [mm] Stock

* Click on “Output” to generate the part program
* Click on File->Save to save your program

w" Part Program for: Gear [Finishing] 11:39 DH ActBlank.HyG

File  Edit

(F=N|EoR =)

EEGIN PGM TESTO1D MM

AL R R R LR E LRl Ll

+PROGRAM NALME
;PROGEAM DATE
s SUMMARY VERSION [Hominall]
;TOOL ID : 10

;TCOL DIAMETER ¢ 0.80[mm]
+TOOL LENGTH : 16,90 [mm]

: 4) F Flankt-0.8 BM-[1-15/15]
: 03-17-2016

P R R R R R R R AR R R AR R AR AR AR R R AR AR R AR

FN O: Q1600 = +2000.0000

FN 0: Q1601 = 4500.0000

FN 0: Q1602 = +1200.0000

FN 0: Q1603 = 448000

FN O: Q1604 = +3

FN O: Q1605 = +10

FN O: Q1606 = 48

FN 0: Q1607 = 40

HEE End Feed Strings

TOCL CALL 10 Z 5Q1603

Begin Feed Strings ---—-—-—-—------

M3

Ms

Jommm e Start Preamble —————-———————————-—-—
M129

CYCL DEF 7.0 NULLPUNET

CYCL DEF 7.1 X+0

CYCL DEF 7.2 ¥+0

CYCL DEF 7.3 Z+0

CYCL DEF 7.4 B+40

CYCL DEF 7.5 C+0

M140 MB MAX F5000

L X+0 Y+0 F2000

L Z+120 F2000

PLANE RESET MCVE F5000
M1l

Mla

v -

w Part Program for : Gear [Finishing] 11x39 DH ActBlank.HyG e
Savein: | 11x39 SpiralBevel DH - & 5 il FEF g
b MName : Date modified Type
e _ TESTO1Ah 3/17/2016 T:48 PM H File
RecentPlaces ™ 1pqypipn 3/17/2016 52 PM  HFile
! _ TESTO1C.h 3/17/2016 8:08 PM H File
Desktop
w=nll
Libraries
LY
Computer
@
LS ] 1 P
Metwork
File name: ESTO1D h - Save
Save as type: [rh} v] [ Cancel l
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Universal 5 Axis CnC Post-Processing

Example: Save the Geometry to include the name of the current Operation
Total Process time:
* 1) Rough Flank: ~ 26 min
* 2) Rough Fillet: ~ 16 min
» 3) Finish Fillet: ~ 16 min
* 4) Finish Flank: ~ 23 min
Total: ~ 1.35 Hour
Effect: ~ 2.03 Hour (Total x ~1.5)
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Universal 5 Axis CnC Post-Processing

Example: Create a Process
o Select the “Process” tab
» Select each Operation in the desired sequence and move to Process Content
 FEnsure “Internal Subroutine”
* Give a Name and ID to the Process
* Click on “Apply” and “Save”
4w Shuis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] (=5 " SAxis CnC - Gear [Finishing] 11:39 DH ActBlank.HyG - [mm] =
Machine/Tool I Cycle I Metrics I Cycling Time I.N'bor I End Mill I Cperation | Process |Stock | | Machine/Tool I Cycle I Metrics I Cycling Time I Arbar I End Mill I Operation | Frocess | Stock
Processes ) Processes
Name Copper Hectrode v Name Copper Electrode opper Hectrode| -
ID#  TESTOE Intemal Subroutin ID#  TESTOIE Intemal Subrou Copper Electrode
[ Save ] [Delete ] [ Import ] [Output ] J [ Save ] [Dele'te ] [ Import ] [C))atp/ut ]
Available Operstions Process Contertt Available Operations / . - Process Content
1) R Flank-0.8 EM-{1-25/25] 1) R Flank-0.8 EM1-25/25] JAC25/25] 1) R Flank-0.8 EM-[1-25/25]
2) R Fillet-0.6 BM-{1-15/15] 2) R Fillet-0.6 BM-[1-15/15] 2) R Fillet-0.6 EM-[1-15/15]
3) F Fillet-0.6 BM-[1-15/15] 3) F Fillet-0.6 BM-[1-15/15] B 3) F Fillet-0.6 BM{1-15/15]
/ 4) F Flankt-0.8 BM-[1-15/15] 4 F Har'ﬂ-ﬂ 8 BM{1-15:1 4) F Hankt-0.8 BM1-15/15]
[oume J o ][] [ om ][ 0] [oen (ot ) o ) (em ) [0k ) |

© Involute Simulation Softwares Inc. 2021




iversal 5 Axis CnC Post-Processing

Example:

Create a Process

* Click on “Output” to get a complete Process in 1 file
* Click on “File->Save” to save the Process file

,{‘ Program for : Copper Electrode

File  Edit

(=N o )

BEGIN PGM TESTO1E MM
R KRR R R R R
PROCESS NAME
PROCESS DATE

; SUMMARY VERSION
R AR AR R R KRR R TR
Date / Time

General Units

Cutter Units
Prepared by

Version

GEAR [FINISHING]

; 5Start Process TESTOI1E

R R R R R R R

: Copper Electrode
: 03-17-2018

[Nominal]

R R R R R AR R
3/17/2016 / 8:2%8:47 BPM
[mm] [dd.mm.33]

[in]

Claude Gosselin
4.0.405.10-458

; CUITER SPECIFICATIONS [I.B.] [0.B.]
: hverage Diameter 1.5000

; Blade Angle 20.0000 20.0000
; Blade Edge Radius 0.0100

; Point Widch 0.0280

; TopRem Letter NO

: TopRem Length 0.0000 0.0000
; TopRem Angle 0.00.00 0.00.00
¢ Cutter Gaging H 0.0000 0.0000
s GERR [FINISHING] :5pread Blade

; MACHINE SETTINGS - #Phoenix

; Radial Distance 18.0387

; Cutter Tilt 2.5511

s Swiwvel Angle 24.8047

; Blank Offset 0.0000

: Machine Root Angle H 69.7203

;7 Machine Center To Back H 0.0000

; 5liding Base -0.74868

; Rate of Roll 1.03577

; Cradle Angle 59.8047

; WORKFIECE DIMENSICNS

; # Teeth 33

; Module 1.150

; Face Angle 75.711

: Face Width 10.805

; Front Crown to Xp 5.602

; CD Toe 31.750

; OD Heel 52.000

LBL TESTO1E1
[ ——
;PROGRAM NAME

; PROGRAM DATE

;SUMMARY VERSION

;TOOL ID

:TOOL DIAMETER

;TCOL LENGTH

PR T T ]

4

R KRR AR R A
1) R Flank-0.8 EM-[1-25/25]
03-17-2016

[Nominal]

io

0.80 [mm]

16.90 [mm]

R R R R R KRR AR R

n

. vd -

.
« " Program for : Copper Electrode @
Savein: || 11x39 SpiralBevel DH (< W Al e
= Marme . Date modified Type
ehe | TESTO1AR 3/17/2016 748 PM HFile
RecentPlaces ™ qecroip 3/17/2016 752PM  H File
! | TESTO1C.h 3/17/2016 8:08 PM  HFile
_ TESTO1D.h 3/A17/2016 817 PM  HFile
Desktop
=l
Libraries
Computer
@
LY 1 T r
Metwork
File name: ESTO1Eh - Save
Save as type: l{'_h} v] [ Cancel ]

11x39 DH ActBlank
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Universal 5 Axis CnC Post-Processing

Sample Result 1: 13x37 6.5 mm module, hypoid gear set: soft-finish.
Contact Pattern checks show perfect agreement with HyGEARS' prediction.

Actual Contact Patterns

HyGEARS Contact Patterns

<

Gear Concave-0B Gear Convex-1B

Heel
Hesal
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Universal 5 Axis CnC Post-Processing

Sample Result 1: 13x37 6.5 mm module, hypoid gear set: hard-finish.
Contact Pattern check shows perfect agreement with HyGEARS' prediction.

* Pinion Fixed Setting — Generated

* Gear Spread Blade — Generated

e Cut on DMU65 Monoblock (AC type
machine)

* Roughing : CoSIMT

* Pre-Finishing : Bull Nose End Mill

* Hard finish :  Tapered End Mill

Actual Contact Pattern
Pinion OB

HyGEARS”
Predicted Contact Pattern
Pinion OB

13x37 hypoid gear pair on the VH tester
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Universal 5 Axis CnC Post-Processing

Sample Result 1:

13x37 6.5 mm module, 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 -0.427
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
Plnlon 0.4 +1 +2 +2 +1 i +3 +3
o [ 1
34
2 1 1 1 1 1 2 2 2

Warp factor
-0.25'|3.00°

/ / /u ,$/D / /D /G / / b~
s & 1 1 1 { 1 1 1 1 Flank 1 gem
-0.0 _2iMmy
/ / / / -21 CONVEX
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
v 5.0 mmis 5 o] = = = = = =l =] 5 Tolerances 15.0 /-15.0
fa=-0.11"]1.00°
\ \ \ \ o a |

0.4 4 1 T ] ] ] 1 1 1 2 Flank 2 - 1iMn)
\ \ \ \ \ \ \ \ \ CONCAVE Jiom
0 ] 2 {max;

= 007'|1.00"

\ﬂ:

Warp factor
020'|3.00"

1 i
I ' \J \ \ A \ \ A \1\
40 pm \
_1.4 1 1 1 0 0.7
1 +0 +100 +1
1 2 3 4 5 a 7 ] 9
DIN 3965/86
Fp= 216 (4|5
Tooth thickness * o= T8 519
Tii Root
ip cone oot cone Pitch flank 1 + 0 - 5 5 o fu= 8.6 (415
CONVEX - - )
57 42<-30 230 BT T o Te e [ _ Frsn= 20.4 (5/5)
- ]
= I4oum < ] Fr= 104 (315)
-104 10 1 10 Fp= 20.0 (4]5
] -2
Pitch flank 2 = =+ == = fp= 9.9 (515
congave *U T2 <4 T3s 5, 2, 57 <z *O P 513)
55 | 54 T o= 84 419
Heel S 1.00 mm Frsn= 18.0 {4]5)
Tatn thickness angie - 13.7471
ZEIXS Data path CMM Ho. é Date Time Operator Customer Signature Quality evaluation
1303701268 000000
N N:GA4EI4E212E Hypol Pinion Shaftibevel cutting procassiommi 2x37p2 Tes 01.03.2014 13:14:28 Master
‘Wemake it e,
cwa:@‘:n Tom TaE-T0TT TE07 fon AT TG0 fome TAIOTT Time of measorement i, 05, SeC. 08
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Universal 5 Axis CnC Post-Processing

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

Part No. Summary No.  Meas. point Pitch Measuring direction  Deviations Pitch
19882-02-01 try1 —— Radius = 98.874Height = 17.494 Counter-clockwise Normal section

Workpiece No. No. of teeth Measured teeth Mounting distance Md. Diff. Comment
GEAR PRO ? . 13:x37gd 140226PAK 37 1,2,3,4 5,6,° 63500 First piece finished. T8 run for entire part.

9

L} 7 &
70 70 70 T
-0.8
-0 1 Warp factor
-033°
T /1 /1 /1 fb=-040" .
60
Flank 1 ‘
0 / ! 18 CONCAVE - 2itan)

-0 -1 | fa=-038"

Ring gear

3¢ — mm
4~ 200mm Toe Heel Square error 638
v 8.0 mmis 5 q a fa= 172"

1a 1 \\1 g 07 .

g Flank 2 - 5iMn)
CONVEX 1200
| | | "\ 0 \1 \ \ \ = 2o
\ \ \ \ 0 \ \-\ - X Warp factor
0 oS “0.52°
\ \ \ \ \ 75
N +7 N7 N ; 8

DIN 3965/86
Fp= 13.8 (318

Tooth thickness P 111 0087, ¢ * fp= 25 (116
Pitch flank 1 00 ] = fu- 40 @16

161 30 . _ Frsn=109 (316
Tee Izn pm Fr= 262 (516)

Fp= 184 (316)
fp= 46 (318
fu= 37 218

I 20 pm

Pitch flank 2 =
CONVEX

o e 4=+ 2.00mm Frsn= 17.1 (4]6)
Tooth thickness angle - 4.6045 *
m Data path CMM No. ‘é. Date Time Operator Customer Signature Quality evaluation
1303622020
omat oy 1GEIB2226 Hypoid Ring Gearoeve! sutling prosessiammi 133794 14025 28.02.2014 15:28:49
Toe g Cor T TO 07T TERR P Do v TE0T i TRGRI0TE Torwantes Fv. 7000 P ST
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Universal 5 Axis CnC Post-Processing

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

Flank 1

Conc0.0093 7 7 “fh = -15.57
(Gone )k : 7 7 fa=0205
0.0323 4 - wf=-77.75 /10 mm
=
Toe
0.0037 5=
fb=-272
) fa=-93.05

wf=-100.81 10
(Convex) ) mm

]0.0500 mm
EMS Flanke 2:0.0119; Quadratfehlersumme:0.00002464
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Universal 5 Axis CnC Post-Processing

Sample Result 2:

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

show negligible pressure and spiral angle errors

the Concave tooth flank.

but crowning will remain on

GLEASON Maschinenkorrekjuren

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

end Zehe/Ferse KopfiFul

s5er
0.0735mm \
0.0129°

Erste Ordnung: Kreuztragend Lahmtr

Ritzel - Spreiz
Aﬁldialabstand
Neigungswinkel

Schwenkwinkel -0.0603°
Maschinengrundwinkel -0.0108°
Schlittenplatte -0.1921mm
Walzverhaltnis 0.017765
Walzmitte -0.1579°
AM. Eingriffswinkel 0.0000°
|.M. Eingriffswinkel 0.0000°
Zahndickenfehler 0.1805mm

Quadratfehlersumme (original)
Quadratfehlersumme (nach 1st)

0.000024564
0.00000375

Onginal Flankenform fehley RMS Flanke 1:0.0146

7 fa=-9205

wf=-77.75 /10 mm

(Convex)

]o.0500 mm
RM

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

S Flanke 2:0.0119; Quadratfehlersumme:0.00002464

Erste Ordnung Flankenformfehler RMS Flanke 1:0.0033

Mittlerer Fehler

Konkav Flanke

Konvex Flanke

Eingriffswinkel -92.087 -93.087
Spiralwinkel -15.57 272
Verwindungsfaktor ST7.757 110 mm -100.81" /10 mm
RMS Fehler (Original) 0.0146mm 0.0119mm
RMS Fehler (nach 1st) 0.0033mm 0.0066mm

(Convex)

]0.0500 mm
RMS Flanke 2:0.0066; Qua

dratfehlersumme:0.00000375
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Universal 5 Axis CnC Post-Processing

Sample Result 2:

HyGEARS'’ calculated Correction data and expected residual errors after re-

cut show negligible pressure and spiral angle errors,|and crowning on the

Concave tooth flank disappears.

1780 - Meas.Surface :

Corrective Machine Settings

Mzchine Sstting Changss
pinicn-gage—outl messLl
Einion [Fimishing] [2/2] [Backward)]

Znd Qrder Changes

10.B.)

o

lad'a; Zzstaﬁ’e
hnl rel brg e
Blank dffset
Machine Root 2

Machine Center To Back

Rates of Roll

Zyrerage Diamster

zdified Roll
H=lical Moticn

3.159g5
0265l
-018928

0.217:2
—3e0.0001
-0, EEQ:

0.01307
-0_882%9

Fa

% Corrective Machine Settings - Pinion I

AN V2

0.0a

Concave-0B 0.0027

\r

“;‘i\_\‘\\\‘i\fanmns

\ \ A\ '\ = \ \ ‘\\_ \I fb: 0.00.0a

[28/60]

Toe
[rnrn]

d

\\Y_\\\\\\
u\luu??-\'\'\&ﬁifx'\\\

77 /
[ /7
/F ) 7 wmoomos

EI ooz

;..|

f‘!?_??_f
[l 4 S LS S S
=77 7

\
7

/ /
ﬁv_ E_?A ,.\‘{ [71— 4’! 1’{ f_ j—_ 7 fa: 0.00.04

00033

oon2a

Convex-l1B

ion [Finishing)/Th.Err0.0001 [Mominal] [Meas.3urface : pinion-gage-outl.mes/1) [Enad-m-1
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Universal 5 Axis CnC Post-Processing

Sample Result 2:

CMM results after the 15! 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.

MittelwertZahn
4 /

-
s, & /J/;/ P 2
'"*‘K\\kx\ PRV

~ ~

Zohe

3 = = \47 \4 2 \ . " ;:{*:::u
Iw o 2" = :\S_L \ mg= 149
-5\\-5 \\.-: \" “or \ \ \ \ \ 5
Diff, Winkel: 7.0282 1 2 M . p P 3 M ;
4+ oiN3sesss @

Nom. Diff. Winl
Akt. Diff. Winkel. 6.8697°

GAGE correction HyGEARS correction
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AN

Universal 5 Axis CnC Post-Processing

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 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 HyGEARS;,
Geometries 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 HYGEARS;

Part programs are generated in reference to the exact tooth surface definition (rather than an
interpolated surface as is the case with the many 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 and Fanuc;

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

piece coordinates with tool axis vector (Traori, TCPM and TCP),
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Universal 5 Axis CnC Post-Processing

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

12. Cutting Cycles include Slot by Slot and Flank by Flank, both for tooth flank and fillet; 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

3 €¢

face width steps can be optimized to minimize ‘‘flats”, “peaks’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. A “Roughing mode” moves the selected tool in the center of the gap to quickly remove as much
material as possible;

18. “Operations”, including all user selections for a given task, may be saved for later re-use;

19. Closed Loop, also called Corrective Machine Settings, is integral to HyGEARS and allows the
seamless manufacture of gears to the required tolerances.

20. The HyGEARS Closed Loop corrections match (and in some respect are better than) those of
Gleason’s GAGE.
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Imputting an Existing Geometry

HyGEARS allows the direct input of
eXiSting Face HObblng Summaries . rﬁ"‘ Existing Gecmetry Definition - [mm] [dd.mm.ss] ﬁ‘
through the Existing Geometry Definition ol
Window coupled to the Geometry

Summary Editor. Geometry Name
1 Directony EMHYGEARS4Data
Geometry Type Spiral-Bevel -
The Existing Geometry Definition P T Left v
Tooth Taper Unifarm -

Window offers input fields and

1 1 : Module
navigation tools to input the needed 1.82500
Depth Factar 3 2800
paramel‘ers. Addendum Factar 0.1700

Pinion Cffset 1]

The Existing Geometry can be processed
at once, and saved in a file for later
retrieval.

]
B
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Graphic Display Functions (User Mode)

The displayed geometry;

Teeth and machines;
Kinematics and Contact Pattern;
Surface measurement
Kinematic results in 2D Graphs

Complete Summary macro function

Finite Element Meshing / Finite Strips.

v | Pinion
Gear
Pinion and Gear
Reference Frames

HPGL Graphic File

Tooth - M/C »
remaics >
Vessurement .
Doaph

Meshing »
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Graphic Display Functions

Interpolation Options (with Error Surface)

il v Lag.range Interpolator Name Order of Preference

Mog  Rational

s Cubic Spline

ﬁ Parabolii Lag].:mEE N/R

Thit ey Fational N/E

Lap  Blended Parabolic Cubic Spline #4

g, lstOrder Regression Parabolic #2

——  2nd Order Regression Linear #1

E 3rd Crder Regression Blended Parabolic * NE

Mo PoC 1% Order Regression #3
2% Order Regression N/R
3% Order Regression N/R
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Graphic Display Functions

- Tooth - Gear Demo1441.dat [Conve... L__JDm

Tooth - Gear Demo1441.dat [Convex-1B]
[Finishing]

Gearing Primitives

-
—

" Basic Tooth Eleme e

# Positions - ¥ Mormal Plane

r DiSplEIy" [~ Transv. Plane

[T Line of 4 [T Pitch Flane
[T Tooth Se [~ Meshing Plane
[T Tooth Flank Normal [T Tip ConelCylinder

~

Tooth - Pinion&Gear Demo1441.dat ... qu

Tooth - Pinion&Gear Demo1441.dat _f__|
[Concave-0B] [Finishing] P. [Nominal]

Gear Pitch Cone \

Pitch Point

[” Pressure Angle [” Pitch Cone/Cylinder W A
. . . S =

[T Gircular Pitch [~ Form Cone/Cylinder || ‘m‘% N
[~ Base Pitch [~ Root ConelCylinder B | N

: i 4. Tooth - G D 1441.dat [C e
[T Center Distance [~ Base ConelCylinder o0 ceroeme 3t [Conve

Tooth - Gear Demo1441.dat [Convex-1B] RIS
[~ LPSTC ™ Loads [Firichimg] ‘}‘33333;‘::‘_‘:
e

[T HPSTC [~ Bearing Reactions

HPSTC |

aeoly | oK

| | ’Fd

« [ >]_
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Graphic Display Functions

LTCA Editor
%" Load Sharing > Stiftness Calculation:
Data  Material Links
- - Westinghouse formula,
Applied Pinion Torque [M-m] 1.00
# herations > y - Nakada formula,
Result Output Mo o - Finite Strlps (Option).
Contact Stress/Def Roark w
Stiffness Calculation Westinghouse ~
Strength Calculation AGMA-Mod " .
Strength Calculation:
Include ...
] Bear. Stiffess Pin [] Bear. Stiffess Gea .
[ Body Shear [ Tooth Base Rotatior, - AGMA-Mod (J factor at each contact point),
CEm Relaxation Adjacent Teeth - AGMA (“),
- Aida and Terauchi,
Apply || OK || Cancel - Finite Strips (option).
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Graphic Display Functions

Function Buttons (User Defined Mode)

Geometry Group

Actions Group

Toggles Group

—

| | G Tca

o HyGEARS V ¢

File  Edit

ﬁ
7

T

i

-4
I

l==
(3]
I=
E|
|

| #Pts
2D mm
| pim | DMS

%

1= |l
Ay
l_.lz

15
=.
=8

(]
E
L]

M
E

e
(=]
=

=|=
L= = ]
3153 15

1
=]
o]

|| =
(=]
o ||=
3

=
MoBr
Mo
HPos

i

C

Output Group

Units Group
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Teeth and Machine

Graphic Display Functions

Pinion

Gear

Pinion and Gear
Reference Frames

HPGL Graphic File

Tooth - M/ C

Meshing

Tooth

Blank

Tooth Surface Mormal Vectors
Cutter Blade

Dia. over Ball

Caliper Measurement

Full Model

Cutting Machine
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Graphic Display Functions
Tooth — M/C -> Tooth Child Window

Blade animation (FH only)

f Tooth - Pinion C220B-11.dat [Concave-0B] = JOEd
Tooth - Pinion C220B-11.dat [Concave-0B] [Finishing] -

— Current
blade-to-workpiece
contact point

1.B. Blade ]

—[Fecd v

Finish + rough (fixed setting)

Tooth - Pinion Test-1-5pirzl-Bevel.hyg [Convex-1B] [Finishing | Tooth - Pinion Test-1-Spiral-Bevel.hyg [Convex-IB] [Finishing |
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File  Edit

I50-10303-21;

HELDER;

FILE DESCRIPTICN (( 'STEP RP203" ),
1)

FILE NRAME ('Pinion-Test-1-Spiral-Bevel.hvg',
'02/10/2013T4:00:52 PM',
{ 'Claude Gosselin' ),
{ "Involute Inc.' },
"HyGEARS STEP 1.5 Interface’',
"HyGERRS V 4.0 @ &',
oy

FILE SCHEMA (| 'CONFIG CONTROL DESIGH' ));

= CRRTESIRN POINT 15.7025779525%6100, .489643175898500, 122.9586084381%
= CARTESIAN POINT 15.636813644223000, .620253700541000, 122.95158522947
CARTESIAN POINT 15.613800501060400, LTT3TS8593130100, 122.9349237532¢
CRRTESIAN POINT 15.635730953434000, .943850576310500, 122.90985151103
CRRTESTAN POINT 15.703583839822100, .1235459515902100, 122.87718856034
CARTESIAN POINT 15.829373312456800, .323176853490300, 122.83400668272
CARTESIAN POINT 14.237243583965500, .115940942050600, 128.21740333228
CRRTESIAN POINT 14.152523009450300, .240930229767700, 128.21012079283
= CRRTESIRN POINT 14.108690052219800, .395493910587900, 128.19277927917
CARTESIAN POINT 14.108843154526800, .573432361383300, 128.166671824%8
CARTESIAN POINT 14.154943603244100, . T6T914256125100, 128.132631781%
CARTESIAN_ POINT 14.257637612803300, 17.990602473490700, 128.0877421457
CARTESIAN POINT 12.353898951210800, 19.591489344223100, 133.476009397C
CARTESIAN POINT 12.250546528462200, 19.707903064211900, 133.4685067954
CARTESIAN POINT 12.185150835663900, 19.860355529578800, 133.4505428744
CARTESIAN POINT 12.16168T7195283900, 20.043007032240400, 133.4234697258
CARTESIAN POINT 12.183101340744100, 20.249205851146600, 133.388133030¢
CARTESIAN POINT 12.258504970765400, 20.4918109%27715800, 133.341627346%
CARTESIAN POINT 10.063953414260400, 21.854772134822500, 138.73501217e6l1
= CARTESIAN POINT 9.5943051471613530, 21.959298863951100, 138.72671289712 ~

STEP Output -> Export to CadCam
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Graphic Display Functions

Tooth — M/C -> Blank Child Window

Roughing Roughing
Drive Drive e
Cozst Cozst I|' -I'h-'_""‘"-— +

Face Angle 13.09 Face Angle B0.42 I
Pitch Angle 10.67 Pitch Angle 79.23 |
Root Angle 9.75 Root Angle 7691 llll
FApx¥p -5.947 _____-—-"'*.' FApxXp -1.653 | |'I
PApx¥p 0.000 e \ PApxx¥p 0.000 | -il-
RApxkp 1.233 < — " RApxXp 0.673 | —
Rapx¥p Th 2.248 e 17813 — Rapx¥p Th 0.000 I.' =
[mm] ____— [mm] /
+——-_ 1]
\ l", 178.13
\ | o I E=7=7 [Bso7g
]
\ |
| EAE |
1 P I
| = [ 7 108.01
\ 537 sy | 025 F0.83 [ T T ey |
\ 20.52 i
T T T T )
1]
)
52.57 II.'
c2.54 | 4]
— 27.55]
[ ]
120§

1 c.Xp:121.95
C.Xp:173.95

FC.Xp :22{12.85|
Ep:31.26
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Graphic Display Functions

Tooth — M/C -> Dia. over Balls Child Window — Bevel gears

Dizmetar awver ball - Pinion Test-1-Spiral-Beval.hyg [Convex-IB] [Finishing] 59.024 [mm)] Dizmeter aver ball - Gear Test-1-Spirzl-Bevel. hyg [Concave-08] [Finishing] 148.000 [mm]

#4858 0002  Dc 295.6270 [mm]

Give Ball dia. + distance -> Get Dia over Balls Give Ball dia. + Diameter -> Get distance
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Graphic Display Functions

Tooth — M/C -> Caliper Measurement Child Window — Cylindrical gears

§i% Caliper Measurement - Pinion Test-2-Ext.dat [Left] ===
Caliper Measurement - Pinion Test-2-Ext dat [Left] [Finishing]

M=26.207 / D=170.382 [mm]

Give # Teeth -> Get measurement
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Graphic Display Functions

Tooth — M/C -> Cutting Machine Child Window -> Conventional Generator

Cutting Machine 116L Pinion [Finishing][Mominal] Test-1-5piral-Bevel.hyg - ConvesHB
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Graphic Display Functions
Tooth — M/C -> Cutting Machine Child Window -> Phoenix Generator

oy -P.15:25-DH -
Cutting Machine 175U Pinion [Finishing][Nominal] 15x25 - DH - Generated. HyG - ConvexlB .
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Graphic Display Functions

Kinematics and Contact Pattern

Pinion

Gear
Pinion and Gear

Reference Frames

Tooth - M/C

Kinematics

Measurement

20 Graph
TE - Peak to Valley

Complete Summmary

Meshing

Path of Contact

Bearing Pattern

Bearing Pattern (LTCA)

Eearing Pattern Development

Sliding Speeds

Ease Off (Composite Tooth Mismatch)
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Graphic Display Functions

Kinematics -> E/P Grids

v4
E/P Grid (TCA) - 15x25 - DH - Gen:rv::::.'?v‘; ‘T.Erm[ﬁnishing] Convex-1B - 866.0 [N-m] W
& 0,200 E-0.100 £:0.000 & 0.100 £ 0.200
" E/P Grid - [mm] - [N-m] -g b 0200 ] .; __ ﬁ
Heel Heel Heel Heel Heel
E: (Finion Ver) 0.20000
P: (Pinion Hor) 0.20000
[[1G: (Gear Har) 0.0000 e L a i . i
[] Shaft Angle 0.0000 Heel Heal Heel Heal Heal
[] Misalignment 0.0000
[7] Pinion Runout 0.0000 P: 0.000
[] Gear Runout 0.0000 Z i 1 1 }
[”] Pinion Radial 0.0000 Heal Hel Heel el Hesl
[7] Gear Radial 0.0000
Pinion Torque 866.0 P:0.100 i j ﬁ 1 \2
[7] Rendering [ Grey Scale Haal Hasl Heal Haal Hasl
[ Print Grid Display Grid
p:0.200
[Eemy ok J((cmen ] I A T 2 < - |
Hal Hasl Hazl Haal Haal
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Graphic Display Functions

Kinematics -> Path of Contact Child Window

On the Gear tooth flank

Geometry name

NDSEp] [Fini
00 [rmim] B:0,2 349

I]NB%D

Path of Contact - GearDemuMM dat [Convexc|B]
nu:_:| ]E= DM

mm]

| Current tooth flank

CP limited by PoC

No Error Surface | —

PoC calculated by | —
tooth Flank Normals

Tooth state

Actual backlash

—— | EPG values
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Graphic Display Functions

Kinematics -> Path of Contact Child Window

|Followinrg Tooth a.LCn.n.La.d_-\Gear Demo1441.d... L__ngm | Precec;ing Tooth Ln.n.ta.r_t;C\ear 25x50Spur.d... u[g]m

Path of Contact - Geay Demol1441.dat [Convex-IB] = | Path of Contact - Gear 25x505pur.dat [Right] __‘__|
[Limi] [MoEr] [PoC-NoSep] [Finishing] E=0.00 [MoEr] [PoC-NoSep] YFinishing] B:0.000 [in]
P=0.00 G=0.00 fnm] B:0.239 [mm]

Start of Contact_] | Start of Contact |

| End of Contact |

End of Contact

| I Pitch Point I

Pitch Point | Following Tooth |

Preceding Tooth |

PoC on Hypoid gear PoC on Spur gear
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Graphic Display Functions

Kinematics -> Path of Contact Child Window

Contact Points

Path of Contact
Contact Lines

Profile Contact

PoC on Hypoid gear PoC on Spur gear
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

On the gear tooth flank
Contact Pattern j / Geometry name

iy Eeathtern Gea ryéa dm IB] L/@’— Current tooth flank

Bearmg Pattern - Gear 11x45a.dat [Convex-1B] [L MokEr]
-NoSep] F|n|sh|ng ] mc=3. —D P= —DEI-D m CP limited by PoC
B:0.104 [m

PoC calculated by
tooth flank normals
—— Contact Ratio
No error surface | —

N—— | EPG values

\

Tooth state

Actual backlash
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

« Bearing Pattern - Gear Demol441.dat [Convex-1B] \EI

Bearing Pettern - Gear Demol1441.dat [Convex-1B] [Limi] [ErrS: demo_pl2.mes/1; demogl28. meg141]
[PaC-MoSep] [Finishing] mc=2.97 E=0.00 P=0.00 G=0.00 me_ B:-0.183 [mm]

Relationship between Error Surface and CP
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

Example: Use the Demo1441.dat geometry, for the Gear.

Test the following Contact Pattern child window function buttons, one by one :

"N toggle in and out of the calculation of the PoC by the normals

- E/P  change Horizontal to 25%, 75% - then Cancel — check the EP values
- Limi toggle in and out of limited PoC

- NoRs toggle into rendered display

- Thick change CP compound thickness

- PoC toggle in and out the display of the PoC
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Graphic Display Functions
Kinematics -> Contact Pattern Child Window

Grid — display a grid with E and P = 0.200 mm (Apply button)

v
E/P Grid (TCA) - Demol441l.|:aﬁtff‘l':a::’r£::‘|]nh?ng] Convex-B - 2021 [N-m] W‘ 5
r," E/P Grid - [mm] - [N-m] - & 0.100 & 0.000 0100 0200 I
E: {Pinion Ver) 02000 H\k Hl1 Heew1 Hj
P: {Pinion Har) 0.2000
[7]G: (Gear Hor) 0.0000 1 1 i 7 l
[ Shiaft Angle 0.0000 Hee! Heel Hes! Heel
[] Misalignment 0.0000
[] Pinion Runout 0.0000 1 1 i i
[7] Gear Runout 0.0000 Hez| Heel Hes| el
[] Pinion Radial 0.0000
[[| Gear Radial 0.0000 1 1 1 h
Pinion Torque 202.07 Hesl Heel Hes! Heel

[7] Rendering [ Grey Scale
[] Print Grid Display Grid

J
f
|

T
T
T

Caonly [ ok [ goncel |
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

Grid — display a grid with E and P = 0.200 mm + rendering (Apply button)

[ E/P Grid - [mmi - [N-m]
E (Firiion Offset) 020000
P (Pinion Axial) 0.20000
[ (Gear Axal) 0.0000
[ Shaft Angle 0.0000
[] Mignment 0.0000
[ Pinion Runout 0.0000
[7] Gear Runout 0.0000
[ Pinion Radial 0.0000
[] Gear Radial 0.0000
PFinion Torgue 250.00
Rendering :
[] Print Grid Display Grid
[ Apply ” OK ” Cancel ]

" HyGEARS V 4.0 € ® - E/P Gric

P: -0.200

P: -0.100

P: 0.000

P:0.100

P: 0.200

E: -0.200

E/P Grid (TCA) - Demol441.dat - Gear [Fnishing] Convex-|

E: -0.100

HyGEARS V4.0 © ®

E: 0.000

1B - 202.1 [M-m]

E: 0.100

F

T
T

¥

T

¥

T

¥

F=
P

4

F=

¥

F=

¥

4

T

v

T
T

¥

-

[

4

T
T

f

T

¥

T

“

¥

T
T

¥

T

f

T

i
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

With CMM Data

- Delete the Contact Pattern child window

- Create a new Contact Pattern child window

- XYZ — make sure “Gear” is displayed in the Geometry field
- Use the [...] button to browse

- Select the demog128.mes file

- Click on “Apply”

o CMM-Simulation Comparison - Gear Demol441.HyG

Geometry Gear
Displayed Tooth # 1 -
CMM File: e whbhygear25 demo'demog 128 mes

(]

| Aoy || oKk || cancel |
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

With CMM Data

- Click to select “Pinion” in the Geometry field
- Use the [...] button to browse

- Select the demo_p12.mes file

- Click on “Apply”

- Click on “Ok”

ﬁ"‘ Error Surface - Bearing Pattern Gear Demol441.HyG @

Geometry Gear| | : |

Displayed Tooth # Finion
spiayEa e Gear |

CMM File: e wh'hyoear23demo demog 128.mes E]
rror Surface - Bearing Pattern Gear Demol441.HyG :
| aepy |[ oKk || cancel |
Geometry -
Dizplayed Tooth & 1 -
CMM File: e:\wb'hygear25\demo'demo_p12.mes E]

(om0 ] [}
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Graphic Display Functions

Kinematics -> Contact Pattern Child Window

With CMM Data

- Click on the “NoEr” function button — watch the CP change

- Click on the “Opt” function button — Select 2" Order Regression - watch the CP change

- Press “*S” to save the measurement datafile names in the geometry file

w Bearing Pattern - Gear Demal441.dat [Convex-IB]

=3

Bearing Pattern - Gear Demold44l.dat [Convex-IB] [Limi] [MoEr] [PoC-MoSep] [Finishing] me=298
E=0.00 F=0.00 G=0.00 [mm] B:0.381 [mm]

=

Heel

Gear Convex-1B

ﬁ;‘ Bearing Pattern - Gear Demol441.dat [Convex-1B] @

Bezring Pattern - Gear Demaol441 dzt [Conves-IB] [Limi] [ErrS: dema_pl2.mesl;
demogl28.mesf1-41] [PoC-NoSep] [Finishing] mec=2.97 E=0.00 P=0.00 G=0.00 [mm] B-0.178

Heel

Gear Convex-1B

ﬁ;‘ Bearing Pattern - Gear Demol441.dat [Convex-1B] @

Bezring Pattern - Gear Demaol441 dat [Convex-1B] [Limi] [ErrS: demo_plZ.mesg/l
demogl28.mes/1-41] [PoC-MoSep] [Finishing] me=2.97 E=0.00 P=0.00 G=0.00 [mm] B:0.154
[mm]

Heael

?/’,‘

Gear Convex-1B Gear Concave-0OB
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Kinematics -> Contact Pattern LTCA Child Window

Graphic Display Functions

HyGEARS can calculate how load is shared between adjacent tooth pairs, accounting for tooth

bending and shearing stiffness, and contact deformation.

Pitch errors can also be introduced in the analysis.

Results include
Contact stress (by Hertz) (Roark, Formulas for Stress and Strain, 1975),

Maximum Shear stress,

Depth of maximum shear,

Minimum Q4! film thickness (Hamrock, 1994),
Flash temperature (AT over mesh; Blok’ s Flash Temperature, Erichello, 1991).

Bearing Pattern LTCA - Gear Demo1441.dat
[Convex-IB] [NoEr] [PoC-NoSep] [Finishing] E=0.00
P=0.00 G=0.00 [mm] B:0.009 [mm] - 202.1 ...

Bearing Pattern LTCA - Gear Demo1441.dat
[Convex-IB] [NoEr] [PoC-NoSep] [Finishing] E=0.00
P=0.00 G=0.00 [mm] B:0.239 [mm] - 202.1 ...

1142
1117
1043
968

594
813
745
670

Heel 596
521
447
372
208

223
143
74
il
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

On the gear tooth flank
Geometry name
Contact Pattern LTCA / PoC calculated by
\ / tooth flank normals

-~ BeNaﬁ:ern LTfEX- Gearﬁemold’-ﬂ.dat [Convex-1B] / @

Bearing Pattarn LTCA - Gear Demol441.dat [Convex-1B] [Mogr] [PoC-NoSep] [Finishing] me=2.98 E=0.00
P=0.00 G=0.00 [mm] B:0.281 [mm] - 202.1 [N-m][RoarkMestinghouse] - Hertz Stress [Mpa]

No error surface

EPG values

Actual backlash

Pinion torque

Stiffness/contact 100
formulations 0
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

4« Bearing Pattern LTCA - Gear Demo1441.dat [Convex-IB] @ 4« Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB] IEI 4« Bearing Pattern LTCA - Gear Demcl441.dat [Convex-1B] @
Bearing Pattern LTCA- Gear Demo1441.dat [Convex-|B] [NoEr] [PaC-NoSep] [Finishing] mc=2.95 E=000 Bearing Pattern LTCA - Gear Demol1441. dat [Convex-|B] [NoEr] [PoC-NoSep] [Finishing] mc=2.98 E=0.00 Bearing Pattern LTCA - Gear Demo1441 dat [Convex-1B] [NoEr] [PoC-NoSep] [Finishing] mc=2.98 E=0.00
P=0.00 G=0.00 [mm] B:0.381 [mm] - 10.0 [N-m][Roark/Westinghouse] - Hertz Stress [Mpa] P=0.00 G=0.00 [mm)] B:0.381 [mm)] - 100.0 [N-m][Roark/Westinghouse] - Hertz Stress [Mpa] P=0.00 G=0.00 [mm] B:0.381 [mm] - 200.0 [N-m][Roark/Westinghouse] - Hertz $tress [Mpa]
5E4 1262 1589
548 1183 1490
511 1105 1390

475 1026 1291
347 1192

1093

565

Hee
397
110 237 298
73 158 199

Evolution of the CP with applied torque
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window
LTCA Solution:

F.
%/f SH | + W, + R, +1, Fy ot W, 4ok, a1,
R; B R,
J==2,-1, 41,42
=2
tot ™ Z J Tangential
=2 direction

is the main tooth pair;
is a tooth pair on either side of the main tooth
pair (up to two on each side);

is the load applied on each meshing tooth
pair;

is the tooth stiffness obtained from the
Westinghouse beam formula or the FSM;

is the Hertz contact deformation;

is the displacement of a contact point caused
by web shearing;

is the displacement of a contact point caused
by tooth base rotation;

is the initial tooth separation;

is the radius of the point of contact;

is the torque share of each meshing tooth
pair.
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Graphic Display Functions
Kinematics -> Contact Pattern LTCA Child Window

» Surface principle curvatures are calculated (numerically) at each contact point.

* Relative directions of the principle curvatures affect contact stress and deformation.

Principle curvatures Feed Marks

Path of Contact - Pinion 23x25-Generated-1-LowTE.dat [Concave-OB] [Limi] [MoEr] [PoC-NoSep] Tooth - Pinion 23x25-Generated-1-LowTE.dat [Concave-0B] [Finishing]
[Finishing] mc=3.88 E=0.00 P=0.00 G=0.00 [mm] B:0.241 [mm]
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

Bending Displacement : Westinghouse beam formula
(Ted Krenzer, The Gleason Works, “Tooth Contact Analysis of Spiral Bevel and Hypoid Gears Under Load”)

P
F t}
5 ()

Sy =

{1+13¢+ (02540.75 (1 — v) t}) + 0.35 ¢}

o,:  displacement at point of applied load P

H.: tooth height, between the applied load P
and tooth root

E,:  tooth thickness at base

P: applied load (perpendicular to )

h F: tooth face width (projected in the
1 direction perpendicular to P)
E: Young’s modulus
|<— B, —-| V: Poisson’s ratio
Ep
tli —
He
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

LTCA — Lewis beam formula:

= ] Factor extracted from the actual tooth section at the considered point along the PoC

Path of Contact - Gear FH202.dat [Convex-18] [Limi] [NoEr] [PoC-NoSep]|
[Finishing] mc=3.38 E=-0.011 P=0.008 G=-0.012 [in] 8:-0.011 [in]

W, cosg,h W, sing,
o= -
(F2?) tF

6 W, =W, cosg,

G_W,P cosg, (1.5 tang,
F |cosg, \XP tP

1 _|cosg, | 15 tang, |

Y |cosg \XP tP )

; 0.15 ; 0.45
Ky =018 + (—J (—
I'f h

J=—
K

Y

S
w, P
J

O =

B!
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

Minimum oil film thickness:

For elliptical contacts:

Hmin = 3.63 U0.68 G0.49 W—0.073 (1 _ e—0.68k)

For rectangular contacts:

Hypn = 1.714 U069 G0-508 1y -0.128

Blok’s flash temperature:

0.8 u X, Wy |\/WP B \/Wg |
bm /by

QT >

£XF

< <

<. 8,

o o

Oil film thickness ratio
Minimum oil film thickness
Composite surface roughness

Dimensionless speed parameter
Dimensionless materials parameter
Dimensionless load parameter

Ellipticity parameter

Coefficient of friction (in oil)

Load sharing factor (= 1 in HyGEARS)
Normal unit load

Rolling velocity of the pinion

Rolling velocity of the gear

Thermal contact coefficient
Semi-width of the Hertzian contact
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window

Use the 11x45a.dat geometry, for the Gear. Test the following Contact Pattern LTCA child
window function buttons, one by one :

- Opt — Results - select “Depth — Max Shear”

- 2D — get into 3D mode

- ~J — change to user defined projection mode (3 rotation arrows enabled)
- Get a proper view angle with the rotation buttons

2 Bearing Pattern LTCA - Gear 11x45a.dat [Convex-E] (23]

Bearing Pattern LTCA - Gear 11x45a.dat [Convex-IB] [NoEr] [PoC-NoSep]
[Finishing] mc=3.44 E=0.00 P=0.00 G=0.00 [mm] B:0.104 [mm] - 556.8
[N-m][Roark/Westinghouse] - Heriz Stress [Mpa]

1395
1308

1221
1134
1047

559
av2
785
698

262

174

a7

0

§i¥ Bearing Pattern LTCA - Gear 11xd5a.dat [Convex-IB] (=2
Bearing Pattern LTCA - Gear 11x45a.dat [Convex-IB] [NoEr] [PoC-NoSep]
[Finishing] mc=3.44 E=0.00 P=0.00 G=0.00 [mm] B:0.104 [mm] - 556.8
[N-m][Roark/Westinghouse] - Depth - Max.Shear [mm]

0.68
064

059
0.55
0.51

0.47
0.42
038
034

Heel 030

0.25
0.21
017
013
0.08
0.04
0.00

fi Bearing Pattern LTCA - Gear 11xd5a.dat [Convex-IE] (23]
Bearing Pattern LTCA - Gear 11x45a.dat [Convex-IB] [NoEr] [PoC-NoSep]
[Finishing] mc=3.44 E=0.00 P=0.00 G=0.00 [mm] B:0.104 [mm] - 556.8
[M-m][Roark/Westinghouse] - Depth - Max.Shear [mm]

0.63
0.64

0.59
0.55
0.51
0.47
0.42
0.38
0.34
0.30
0.25
0.21
017

0.13
0.08
0.04
0.00
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window / Contact Element

HyGEARS offers a Contact Element which is integrated to the LTCA.

The Contact Element:

Subdivides the contact area into small rectangular areas, or contact cells;

On each contact cell, the pressure is varied until the sum of the initial separation and
deformation is equal on all contacting cells (Love, 1929)

Provides results identical to Hertz for full contact ellipses; (results are different when ellipse
is truncated);

Contact Grid can be modified for increased precision / decreased computing times;

Can account for surface deviations as obtained from the CMM

" Bearing Pattern LTCA - Gear Demal441.dat [Convex-IB] (=3

“_" Contact Element - Demold4].dat .

Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB] [NoEr] [PoC-NoSep]
[Finishing] mc=3.49 E=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm] - 250.0
[N-m][Roark/Westinghouse]

Grid #X

Grid #Y
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window / Contact Element

Contact deformation (Love, 1929).

Cell where pressure 2a
is applied
Contact Line
Path of Contact

Contact Grid

nE u,

T ?: (x+a)ln
(y+b)In

(x—a)ln

y—b)In
E:

Vi

u

Cell where deformation| P

is desired X

-

(y+b)+ J(y+b)2+ (x + a)?

y=b)+ Yy —b)?+ (x+a)?
(x+a)+ Jy+b)2+ (x +a)?
(x—a) + \/(y+b)2+ (x —a)?]
(=D + G =D+ (x—a)?

(y+b)+ J(y+b)?2+ (x —a)?
(x—a)+ J(y—b)2+ (x —a)?

(x +a) + \/(y—b)2+ (x +a)?

Young’s modulus
Poisson’s ratio

surface deformation on a given cell

surface pressure on a given cell

the center of a given cell

2a, 2b: sides of a given cell
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Kinematics -> Contact Pattern LTCA Child Window / Contact Element

=)
B

= " Bearing Pattern LTCA - Gear Demol441.dat [Conver-I8]
Bearing Pattern LTCA - Gear Demol441.dat [Convex-1B] [NoEr] [PnC NoSep]
[Finishing] mc=3.49 E=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm] - 250.0

[N-m][Roark/Westinghouse] - Contact Stress [Mpa]

1,:‘ Bearing Pattern LTCA - Gear Demol441 dat [Convex-1B]

Bearing Pattern LTCA - Gear Demol1441.dat [Convex-IB] [NoEr] [PoC-NoSep| J
[Finishing] mc=3.49 E=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm] - 250.0

N-m][Roark/Westinghouse] - Tooth Separation [mm]

J s

Contact Pressure

_ = J

Contact Separation

==

L Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB]

" Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB] =3
Bearing Pattern LTCA - Gear Demo1441.dat [Convex-IB] [NoEr] [PoC-NoSep] ﬁ Bearing Pattern LTCA - Gear Demo1441.dat [Convex-1B] [NoEr] [PoC-NoSep] j
[Finishing] mc=3 .49 £=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm] - 250.0 [Finishing] mc=3.49 E=0.00 P=0,00 G=0,00 [mm] B:0.081 [mm] - 250.0
N-m][Roark/Westinghouse] - Contact Defarmation [mm] [N-m][Roark/Westinghouse] - Force [N]
667
625
584

0278

.0263
.0249
.0234
.0220
.0205
.0191
0178

= S
Contact Force
© Involute Simulation Softwares Inc. 2021
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Graphic Display Functions

Kinematics -> Contact Pattern LTCA Child Window / Contact Element

Raring Fattern LTCA - Gear Demol441 dat [Convex-IB] [Mokr]
oC-NoSep] [Finishing] E=0.00 F=0.00 G=0.00 [rmm] B:0.239
-100.0 [MN-m][Roark/Westinghouse] - Contact Stress ...

Values are hidden

Raring Fattern LTCA - Gear Demol441 dat [Convex-IB] [Mokr]

oC-MoSep] [Finishing] E<0.00 P=0.00 G=0.00 [rmm] B:0.239
-100.0 [MN-m][Roark/Westinghouse] - Contact Stress ...

Values are displayed
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Xan u;v .

Kinematics -> Contact Pattern LTCA Child Window / Contact Element

Ridging + Pits present on pinion tooth after initial run in:

* Gleason Summary was entered in HyGEARS

LTCA run at expected operating position

Pinion tooth shows ridging + pits

HyGEARS simulation (Hertz)

Bearing Fattern LTCA - Pinion 9x41 Shatch. dat [Concawve-08] [NoEr]
[Finishing] E=-0.016 P=0.016 G=-0.008 [in] - 5166.2 [|b-in]Westinghouse] -

Herz Stress [Ksi]
2371
2223
2075

1926
177.8
163.0
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Pinion + Gear teeth measured
* Pinion + gear teeth R.E.
e LTCA run with Error Surface

» Use of Error Surface with Contact Elements analysis

#1
. 456.4
. 4273
. 3933

3708
3423
KRk
2852
256.7
2282
1937

L?gghr__ 1711
456 1425
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E

Pinion + Gear teeth measured

* Pinion + gear teeth R.E.
e LTCA run with Error Surface

« Use of Error Surface with Contact Elements analysis
#7

le : LTCA Ridgi

+ Pitti

1]

#10
390.4 408.2
366.0 3827
3416 3572
372 Nz
2928 306.2
268.4 280.7,
2440y 2561
2136 2236
1352 2041
170.8 1786
146.4 15831
1220 1276
976 1021
732 765
43.8 51.0
24.4 255
Al ]
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Pinion redesigned:
* Moved the CP away from fillet at heel
» Kept same blank, cutter, etc.

* Lower Hertz stresses at contact entry

Original

Bearing Fattern LTCA - Pinion 9x41 Shdatch dat [Concave-08] [MoEr]
[Finishing] E=-0.016 P=0.016 G=-0.008 [in] - 5166.2 [Ib-in][Westinghouse] -

Herz Stress [Ksi]
2371
2223

207.5
1926
177.8
1632.0

Redesigned

Bearing Fattern LTCA - Pinion 9x41 Skatch3-0pt dat [Concawve-0E]

[MoEr] [Finishing] E=-0.016 F=0.016 G=-0.008 [in] - A16E.2
[l-in][estinghouse] - Herz Stress [Ksi]
256.8
240.7
2247

208.6
1926
176.5
160.5
144.4
128.4
112.3
96.3
80.2
E4.2
481
321
16.0
nn
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Comparative Contact Element Analysis:

Original

Redesigned

© Involute Simulation Softwares Inc. 2021




Comparative Contact Element Analysis:

Original #7 #8 #9

51
| £58231 [b]z2

2932
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Graphic Display Functions
Kinematics -> Contact Pattern LTCA Child Window

- “NoCE” — toggle into Contact Element display
- “77” — zoom onto the desired tooth area
- “Opt” — select “Contact Pressure”

" Bearing Pattern LTCA - Gear Demol441.dat [Convex-1B] @

Bearing Pattern LTCA- Gear Demol441.dat [Convex-lB] [NoEr] [PaC-MoZep] [Flnlshln mc=2.98 E=0.00
P=0.00 G=0.00 [mm] 8:0.381 [mm]- 200.0 [N-m][Rozrk/Westinghouss]

" Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB] =25

Bear|n=F51tern LTCA - Gear Demol441 dat [Convex-IB] [MoEr] [PaC-MoSep] [Finishing] me=2.98 E=000
P=0.00 G=0.00 [mm] B:0.381 [mm]-200.0 [N-m][Roark/Westinghouse] - Contac t.StrEss[Mpa

1157

1085

1012
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Graphic Display Functions
Kinematics -> Contact Pattern LTCA Child Window

- “NoD1i1” — toggle in dimension display
- “Opt” — select “Contact Deformation”
- +/- - scan through the PoC

4~ Bearing Pattern LTCA - Gear Demal441.dat [Convex-IE]

- Fattern LTCA - Gear Demol1441 dat [Convex-|B] [NoEr] [PoC-MoSep] [Finishing] mc=2.38 -
o =000 [mm] B:0.381 [mm] - 200.0 [M-m][RozrkWestinghouse] - Contac t.'Stress[Mpa

" Bearing Pattern LTCA - Gear Demol441.dat [Convex-IB]

Wz Pattern LTCA-Gear Demol441. dat [Convex-1B] [NaEr] [PoC-NaSep] [Finishing] me=298 =
8 G=0.00 [mm] B:0.381 [mm]-200.0 [N -m][Rozrk/\Westinghouse] - Contact Deformatior
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Graphic Display Functions
Kinematics -> Contact Pattern LTCA Child Window

- Close the Contact Pattern LTCA child window
- Create a new Contact Pattern LTCA child window
- Click on “Grid” — select Torque and leave inputted value — click “Ok”

E/P Grid (LTCA) - Hertz Stress [Mpa] - ne::fﬂm:ﬂ;f [Finishing] Conves-1B - [mm] - 200.0 [N-m] W :

r“_u E/P Grid - [mm] - [N-m] ﬁ1 000 fremko.00 remlese? iz I

[ E: {Pinion Ver) 0.2000

[ P: {Pinion Har) 0.2000

[ G: iGear Hor) 0.0000 |

[] Shaft Angle 0.0000

[] Misalignment 0.0000 23,33

[ Pinion Runout 0.0000

[ Gear Runout 0.0000

[ Pinion Radial 0.0000

[] Gear Radial 0.0000

Pinion Targue 200.00

N-m]:66.67

Rendering [7] Grey Scale
[] Prirtt Grid Display Grid

oty || oK [ concel |
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LTCA Testing: Fixed Setting H

id Gear Set

Electric motor

N

30:1 speed reducer —_ |

= \ S o

Load cell

Motor controller

‘\

| —

\

] =

o

.
™

i
%J,fﬂﬁata acquisition
A" system /

ooy
?ﬁ

Wg—‘ , /f/ﬁncoder solver |
- /

I
Disk brake
Slip rings

A

M\mmmﬁ
3
\
\
\
NS
]

N

Encoder sets

e
.
.
.
.
=3
.
3
3
.
.
.
.
.
o
.
.
.
o

.o
.
.
.
.
.
.

~.,n Computer-
.'A- ............
........... Analog
encoder
7 Shaft from
pinion/gear
/
. aa
%' ‘ Optical
encoder

Section A-A
(through encoder set)

-------------------------------------------------------

» A
0 ) Couplings
k Pinion
encoder set
> A

-----------------------------------------------------------------

---------------------------------------

Gear
4
encoder set |

Test gearset setup
Top view
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LTCA Testing: Fixed Setting Hypoid Gear Set

Concawe- OEE

O s ﬂiﬁﬂi‘!ﬂh‘\“l“ﬂ- .
Y NN N N vy, WS W Y Y [T [ .
‘!!E‘.!P“‘ﬂd”mp‘l .
‘ﬂﬂﬂh“‘!ﬂ T s l
R e e g e ol N W e NN UL Y

';====a'i-!‘='.‘-h“mp‘lﬂ.

Toe 0. ‘1_2_‘_‘___‘_?
[mm] 00550 Top
A _JJ——AL—FF £ »"-—;L—H—w{v‘—’zt/ Aﬂb,ﬂ?f

L —]
mem'..iﬁi.!ﬂ ﬂi’ 'lfg'i'frjlf

s i e 2
ﬂ..l.-.mmgsi.gaﬂa.ulr‘l

Conwvex-16

DD.D-SJR‘_FK—E_‘F—
--‘

e

N
Toe 0.010k
0T rﬂ—rﬁﬂﬁ—rrﬂ—m«r—ﬁf&m

30
[mim] 43

; '.......Eﬂ'.lf.‘ l‘ﬂj

.W = . - -

a Convex-1B 01 D?E 0. DDEE Cu:nnu:ave Cl D DD84
l Reverse Engineering l

0.0165 CD”CE‘VE DE‘ -0.0254 00092 CanvexB

Toe
[rrm]

Conwvex-16

Cl:uncave CIEE

Pinion

Gear
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Fixed Setting L TCA Testing:

Output Torque
[N-m]

Transmission Error
P01-G28

Transmission Error
P04-G01

20

B
O § 0
2
= 60
bl
S
80 -80
100 100
= Measurement = Measurement ‘
120 — Simulation 120 — Simulation
20
2 — Moasuroment ‘ — Measurement
o — Simulation o — Simulation
10 20 30 40 50 60 7 10 20 30 40 50 60 L
I
20 20
7 / \ T o
300 g 40 = ¢ YT ~=
I e
S, &
=60 o 60
5 =
u
-80 -80
100 100
-120 -120
20 20
= Measurement = Measurement
o — Simulation o — Simulation
10 20 30 40 50 60 I 10 20 30 40 50 60 7
20 -20
600 g g
£ 4
S &
e / \' O N
= =
80 / -80
100 100
-120 120
20 - : =
easuremen — Measurement
0 — Simulation o — Simulation
10 20 30 40 50 60 Ky 10 20 30 40 50 60 Ky
-20 20
o —
o ry -
900 § o
° 9 / \
S, S
A =60
S m /
-80 /
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LTCA Comparison — S

LTCA - Compressive Stress - MPa - Gear:

HyGEARS

Bearing Pattern LTCA - Gear Test-1-Ext.dat [Right] [NoEr] [FoC-MoSep] [Finishing] me=1.60
B:0.000 [mm] - 250.0 [N-m][Palmgren/Westinghouse] - Hertz Stress [Mpa]
1303
1222
1140
1059
977

p— el ————
1

Heel

Test-1-Ext.dat - Pinion [Finishing] [Nominal] Left Gear [Finishing] [NMominal] [PoC-NoSep]
me=1.60 B:0.000 [mm] 250.0 [N-m] C.Ratioltca: 1.60 [Palmgren/Westinghouse/AGMA]

oc[Mpaldp3[uRad]
1400 — o
1120 68 V i \ \

B40 4 =136

560 4 -204

—
—
—

280 4 272

o4 -340 | | | | | | |
-43.7 -24.5 -5.2 14.0 33.2 52.5
2

o LTCA - Gear Tast-1-Ext.dat (Left] [NGET) [POC-NoSeR] [FInishing] me=1.60 8:0.000 (mm] - 250.0
on il gt W s o] - Conteet oirass Iepa]

Bearing artan (1CA - Goar Tev Lt am il Nocr] ot Hoseo] FInsnnE] =i 60 6000 [mim - 250
milPalmgran/Westinghousa) - Contact strass [M

1370
1288
1198

1113

1028

[rofiel

] [E.

R,

Bewring Pattern LTCA - Gab Tust-LExtd01 (L] o] PoC 3 ep] Ivibing] e 80 B:0.000 () - 1500
[N-m][Palmgren/Wesi nghawse] - Contact Stress [Mpa

12371265

e ) [

© Involute Simulation Softwares Inc. 2021

Baaring Pattern L1CA - Gear Test.1.Ext.dat [Left) [Nokr] [PoC-NoSep] [Finishing) mc=1 60 6:0.000 [mm] - 250.0
[N-mi[Paimgren/westinghouse) - Contact Stress (Mpa]

79 = T - (EE:

Bearing Pattern LTCA - Gaar Tost. 1-Ext.dat [LetthINGEr] [PoC-Nosep] [Finishing] me=1.60 6:0.000 [mm] - 250.0
[n-m][Paimarany/Wetinghouse] - Contact Strass Mps]

1314

us

[riaffuzecHiarel

- S .

Bearing Pattern LTCA - Gaar Tost. 1-Ext.dat [Lott] [Na€r] [Poc-Nosep] [Finishing] me=1.60 8:0.000 [mm] - 150.0
[n-m][Paimaran/Westinghouse] - Contact Strass Mps]




LTCA - Compressive Stress - MPa - Gear Convex:

Bearing Pattern LTCA - Gear 13x40-RH-F5-5piralBevel-75Cutter-54Module.dat
[Convex-1B] [NoEr] [PoC-MNoSep] [Finishing] me=3.43 E=0.00 P=0.00 G=0.00 [mm]
B:0.108 [mm] - 866.0 [N-m][Roark/Westinghouse] - Hertz Stress [Mpa]

1785

1674
1562
1450
1339

Bearing Patiern LTCA- Gear 13n40-RH-F 5-SpralBevel-75Culler-5iModule.dat [Convex-1B (ol T slBevel- 75

T tng] e 43 E-0.00 #2080 G-0.00 180108 i - 866.0 I milRoark/ Wes dogn P L L0 ] e .49 £-0.50.$ 28,00 610,00 {80,108 [ -
tres:

13x40-RH-F5-5piralBevel-75Cutter-54Module.dat - Pinion [I'—umshmg] [Mominal]
Concave-0B Gear [Finishing] [Mominal] [PoC-NoSep] me=3.43 E=0.00 P=0.00 G=0.00

[mm] B:0.108 [mm] 866.0 [N-m] C.RatioLtca: 2.15 [Roark/Westinghouse/AGMA]

oc[Mpaldd3[uRad]
1800 — 0

1440 4 -1040

1080 o -2080
/

720 - -3120
360 4 -4160
04 5200 1 | 1 1 | | 1 | |
-86.6 -51.9 -17.3 4 52.1 B6.7

1?
63 [°] =

Rearing Pattern LICA- Gear 1100-RI-F5 SpiralfeverTSCutterSaModyle dat [Conver 15l ok BTN, Bearing Patlern LTCA Geor Liuin RH 1S Spiralfcye ToCutler Sdbodue.dat[Coa HNosep]
ag] 07=0.00 0=3,00 ] 810308 ] - B66.0 1 inghouse] - Contact IFiishing] mc=3.43 £=0.00 P=0.00 G=0.00 Imm £:0.108 I - 866.0 - e Ehou comi
Stress [Mpal i 31

B Fakem (TCA Gesr 1310 A £ Sprolicve s ter Saoddledot [Conues ] [Noe | oo Nosep]
Finishing] mc=3.43 £<0,00 P=0.00 G=0.00 Imiml :0.18€ Iminl - 666, (-mlioa/Wesnghoute - Comtac
‘

Bearing Paery LTCh-Grar L3ad0 R £5 Spiraibevel JECuller Saviodule o [Conven B] N1 (oG Nosep]
Finishng] mee3 43 E=0.00 P=0.00 G=0.00 {mm] B-0. 108 [mm] - 866.0 [N-milAoark/ W estingouse] - Contact
Stress [Mpa)
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LTCA - Compressive Stress - MPa - Gear:

Bearing Pattern LTCA - Gear Test-1-Straight Bevel.dat [Left] [NoEr] [PoC-NoSep]
[Finishing] me=1.45 E=0.00 P=0.00 G=0.00 [mm] B:-0.048 [mm] - 100.0
[M-m][Palmgren/Westinghouse] - Hertz Stress [Mpa]

315

Heel 180

Test-1-5traight Bevel.dat - Pinion [Finishing] [Nominal] Right Gear [Finishing] [Nominal]
[FoC-NoSep] me=1.45 E=0.00 P=0.00 G=0.00 [mm] B:-0.048 [mm] 100.0 [N-m]
C.RatioLtca: 1.29 [Palmgren/Westinghouse/AGMA]

oc[Mpaléd3[uRad]
820 — 4]

i

164 4 -176
o 220 II | 1 1
-62.8 -41.1 -19.3 o 24 24.2 459

Bearl TCA- Gear Test L5urs
0 G=0.60 [mm] 8:-0.028 ] - 10

Bearing Pattern LTCA - Gear Test LSuaiht Beveldat lLah] [Not) [PoC-Noseo] [Fin
0 G=0.60 [mm] B:-0.028 fnm] - 100.0 [N-m][Paimgren/Westinghouse] - Cor

Bearing Pattern LTCA - Ge
P=0.00 6=0.00 [mm)

Test-1-Strajght Bevel.dat [Left] [Motr] [PaC-NaSep] [Finishing] mes1.45 E=0
048 [man] - 100.0 [N-m][Palmgren/Westinghouse] - Contact Stress [Mpa]

e LTCA - Gear Test-1-5trajgt Baveldat [Left] [Nokr] [PoC-NoSes] [Finishing) m 0.00
LD.00 o] 0,048 [rw) X008 10 [F g1/ W st nghouse] - Contact Sores [Mipa]

Bear|ng Pattern LTCA - Ge
P=0.00 G=0.00 [mm]

Stfaight Bevel.dat [Left] [Nokr| [PoC-NoSep] [Finishing] mc
] - 100.0 [N-m][Palmgren/Westinghouse] - Con

s igal

Bearing Patte1n LTCA - Gear Test- 1St Beveldat lLet] Not) [PoC-NoSep] [Finishing) mce1.5 £20.00
520,00 [mrm] 60,048 [mm] 0T 4H-m[Paimgren/Westinghouse] - Contact Stress [Mpal
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Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

w B.Pattern Development - Gear Convex-1B

BF Definition | D-MSet fmm] | LTCA | E/F | Prop. | Links |

Mean Pomi
Horizontal Position

PolC Mean Point

Mean Paint / Convex-1B

Horizontal Position  47.0
Vertical Posttion 500

PaC Bias / Convex-1B

Mean Point / Concave-OB

Horizontal Position 48 7
Vertical Position 50.0

PoC Bias / Concave-0B

) Free ") Free
@ Fived hi deg @ Fed 230 deq
TE. TE.
@ Free @ Free
i Fxed 44 “| [uRad ") Fixed |30 | [uRad
[ Curvature
Backlash
" Free
@ Fxed 0120 [mm]
Apply | Reset || Pt || ok || cancel |

Mean Point
Vertical Position

{—PDC

Heel

. Dearing Pattern
%% Surface Cover

Desired Transmission Error
Profile Relief

T ransmission Error Curve

Profile Range
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Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

4 B.Pattern Development - Gear Cnl\vex—lﬂ‘

===

BP Definition | D-MSett fnm] [ LTCA [E/P [ Prop. [ Links | BP Defintion || D-¥5et fmm[*| LTCA | E/P [ Prop. | Links | BP Defintion | D-MSett frm] | LTCA [E/P [ Prop. | Links |
Mean Point / Convex-IB Mean Point / Concave-OB B.Pattern Development (0.B.) {I.B. ‘: @ BPltca © 20 Graph Torque [Nm] 5 @B © 0B
Horizontal Posttion  50.0 % Horizontal Postion  50.0 % ‘;|
Vertical Position 500 % Vertical Position 500 @ % Radial Distance 0.0036 - 5 8 [N-ml[Razrk/Westinghouse] - Hertz Stress [Mp3 ]
Cutter Tilt - 0.0000 |
PoC Bias / Convex-IB PaoC Bias / Concave-OB Swivel Angle : 1.5315
Blank Offset 0.0000 1944
ol FE )z Machine Root Angle -0.2z36 e
@Fed 25 b @Ffed 25 deg 1550
Machine Center To Back - -0.0164 55
TE TE. Sliding Base : -0.0414
@ = P: iz Rati £ Roll 0.00251
- — ate of Bo - _ooz
©fed (147 F| biRad O Fxed 85 Ll Cradle Angle B 0.0424
2nd-3rd  [] Curvature
Blade Angle : 0.0000 a.0om Heel 508
Backlash Zverage Diameter B 0.0000 ‘;Eg
=) Free Point Width B 0.0000 24z
@ Fied 0072 [om] ~ 12z
< . | + 2
[ty ) [ccooc || vt |[ Boset |[ it [ 0K ][ Conoel ] [(opy [ <<Back || ners [ Beset |[ o [ 0k [ cancel | [(popy | [ <cBack || e |[ Reset |[ Pt [ ok |[ cancel |
_ —

‘ ‘
e — —

4 B.Pattern Development - Gear Convex-IB -

B

o B
4 B.Pattern Development - Gear m M 4 B.Pattern Development - Gear Colw?_—]l‘ ﬂ

BP Definition | D-MSett fmm] | LTCA BP Definition | D-MSett fmm] | LTCA [E/P | Prop. |Links BP Definition | D-MSett ] | LTCA [ E/P_ | Prop.
| |
Machine Settings-Pinion ® o8 [ Nore
E/P Control Cutte [¥] Ease Off Surface - Pinion [Concave-0B]
[¥/] Ease Off Surface - Pinion [Convex-1E]
@ 1B OB ) Mctb Curment value 27798 [¥] TCA - Finion [Convex-1B]
Horizontal Posttion: 50.0 % 7 Offsat [mm] [¥] TCA - Finian [Concave-0B]
o ) Ui [¥] Full Mode! - Pinion&Gear [Convex-B]
’ () Cutter Swivel New value: [F| Path of Contact - Pinion&Gear [Convex-1B]
_ [mm]
©) Cutter Tit
Vertical Position: 50.0 % ) M. Root Angle
b () Decimal Ratio
() Pinion Tooth Depth
@ Gear Tooth Depth
(oo [ <cBack |[ e |[ Reset [ pin [ ok ][ Canecel | [ ooty ][ <eock || vt |[ Boset |[ Bt |[ ok [ concel | [ 2opy | [<cBack || wen |[ Beset |[ pant ][ ok [ cancel |
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Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

Use the 11x45a.HyG geometry, for the Gear. Test the following Contact Pattern Development

(Pinion) child window function buttons, one by one :

- “CPat” — call the Contact Pattern Development selection window

- Input the values as displayed below

-
ﬁ" B.Pattern Development - Gear Cnnvex—m‘

e

Mean Point / Concave-0B

Horizontal Posttion 492

Vertical Position 50.0

PoC Bias / Concave-0B

BF Definition | D-MSett jmm] | LTCA | E/P | Prop. [ Links |
Mean Point / Convex-1B
Horizontal Postion 509 %
Wertical Position 50.0 %
Pol Bias / Convex-B
l @ Free @ Free
H ) Fixed  -54 deg ) Fixed 257
I TE TE.
l @ Free ©) Free
) Fwed 19 [uRad ) Fxed |19
[ Curvature
Backlash
(D) Free
@ Fed 0151 [mm]

deg

uRad

LY

=
3

r M
ﬁ" B.Pattern Development - Gear Cnnvex;]lA M

BP Definition | D-MSett fmm] | LTCA | E/F | Prop. | Links |

Mean Point / Convex-1B Mean Point / Concave-0B
Horizontal Position 50 % Horizontal Position 50 %
Vertical Position 50.0 % Vedtical Postion 50.0 %

PoC Bias / Convex-B PoC Bias / Concave-0B I
) Fres ©) Free

I @ Fixed 25 deg @ Fied 25 deg

TE TE
@ Free @ Free I
©) Fixed |19 *| uRad ©) Fxed |19 *| uRad

[ Curvature

Backdash
(D) Free
@ Fixed 01| [mm]

Bpply | Beset || Pt |[ ok || Cancel |

B.Pattern Developrent Pinion - Gear [Convex-IB] [MoEr] [Finishing] mc=3.05 E=0.00 P=0.00 G=010
[rarn] B:0.101 [mm]/0.049 [deg.]

B.Pattern Development Pinion - Gear [Convex-1B] [NoEr] [Finishing] mc=3.05 E=0.00 P=0.00 G000
[rm] B:0.102 [rmm]f0.050 [deg.]

A

Heel

Gear Conver-lB

- @

Gear Concave-OB

Heel

| e

Heel Heel

Gear Convex-l1B Gear Concave-OB
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Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

- Scan through the various Tabs to see the displays
- Input the values as displayed below

" B.Pattern Development - Gearamm g

BF Definition | D-MSett fmm] | LTCA |E/F | Prop. | Links |

@ BP ltca () 2D Graph Torgue [N-m] 55679 @B OB
E56.8 [N-m][Roark/Westinghouse] - Hertz Stress [Mpa] I
15" B.Pattern Development - Gear Convex—]B- u
BP Definion || D 4Sett [rmi [ LTCA [ E/F [ Prop. [ Links |
B.Pattern Development 0.B.) {I.B. =
=
Machine Root Angle T 0.00.00 ' |’_ B
Eccentric Bngle H 0.12.23 4w B.Pattern Development - Gear Convex-IB u
Cradle Angle T -0.12_37 =
Swivel Angle : 0.00.07 | BP Definition | Crtl Params | D-MSett fmm] | E/F | Prop. |/
Cutter Spindle Angle T 0.00.00
Decimal Ratio T 0.00570 D None
Machine Center To Back : 1.4530 Ease Off Suface - Pinion [CDHCEVE-OB]
S1iding Base N _0 2208 Ease Off Suface - Pinion [Convex-1B]
lioa> L gf e ot S foer 00000 el TCA- Prion Concave O}
-] Blade Angle B 0.00.00 Full Model - Pinion&Gear [Convex-B]
Point Diameter B 0.0000 Path of Contact - Pinion&Gear [Convex-1B]
Point Width T 0.0000
l |
[ Apply ” <<Back ] et > [ Reset ” Print ] I

e e o o ) s |

© InVOITJte Simulation Softwares Inc. 221




Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

- Click on the “E/P” tab

- Select 25% for the Horizontal and click on “Apply’’; watch the EP values

- Click on “Cancel”

-
4w B.Pattern Development - Gear Convex-IB ‘ ﬂ

BP Definition | D-MSett [nm] | LTCA | E/F | Prop. [ Links |

E/P Control
@B 0B
Horizontal Position: 25.00%
0
Wertical Posttion: 50.0 %
iy
[ 2oply ][ <<Back | | Reset || Pt || ok |[ cancel |
. ]

N

B.Pattern Development Pinion - Gear [Convex-1B] [MoEr] [Finishing] mc=3.05 E=0.00 P=0.0 G=000
[rrn] B:0.102 [raen] 0,050 [deg.

Te| e

Heel Heel

Gear Convex-1B Gear Concave-2b

N

B.Pattern DevelopmentFinion - Gear [Convex-1B] [NoEr] [Finishima] mc=3.06 E=0.37 P=-0.25 GAI0
[rrirn] B:-0.008 [mm]f-0.004 [deg]

;| - 8

Heel Heel

Gear Convex-l1B Gear Concave-0b
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Graphic Display Functions

Kinematics -> Contact Pattern Development Child Window

Use the 11x45a.dat geometry, for the Gear. Test the following Contact Pattern Development
(Pinion) child window function buttons, one by one :

- Click on the “Prop” tab

- Input the values as displayed below — click on “Apply”

- -
ﬁ"' B.Pattern Development - Gear Cunvex—]BL ﬁ

BP Definition | D-MSett [mm] | LTCA [ E/P | Prop. | Links |

@ Cutter Diameter

) Offset

() Cutter Swivel

() Cutter Tilt

I ) M. Root Angle

) Decimal Ratio

) Pinion Tooth Depth
I () Gear Tooth Depth

B.Pattern Development Pinion - Gear [Convex-B] [MoEr] [Finishing] mc=3.05 E=0.00 P=0.00 G=000
[rrn] B:0.102 [raen] 0,050 [deg.]

| e

Heel
Gear Convex-1B

Heel

Gear Concave-2b

B.Pattern DevelopmentPinion- Gear [Convex-1B] [MaEr] [Finishing] mo=3.05 E=0.00 P=0.00 G=000
[mm] B:0.095 [mm]/f0.047 [deg ]

=

L e ][ o (e |

Heel Heel

Gear Convex-|1B Gear Concave-OB
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Graphic Display Functions

Kinematics -> Sliding Speeds Child Window

" Sliding Speeds - Gear 11:45a.HyG [Convex-IB] w_Sliding Speeds - Gear Test-1-Straight Bevel (Generated).hyg [Right] E

Sliding Speeds- Gear Test-1-Straight Bavel (G ated].hyg [Right] [L NoEr] [PoC-Mogep] [Finish
Sliding Speeds- Gear 11x452. HyG [Convex-1B] [Limi] [NoEr] [PoC-NoSep] [Finishing] mc=3.19 E=0.00 P=00C = raing pe;;l ;_'IEF;__% 00 P= :Jalugug uvsu [;:rﬁl};;unggy[g[ If p],,[,,:,ngllg_uuuur%[ PM- I'I'u'n'llls [Finishing T
G=0.00 [mm] B:0.113 [mm]- Pinian : 1200 RPM - [m,/min

Hypoid gear Straight Bevel gear
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Graphic Display Functions

Kinematics -> Ease Off Child Window

Pinion tooth flank shown

Geometry name

Ease Off
ase \ /— Current tooth flank

- No error surface
ﬁ"‘ Ease D'FFSL}@CE - Pinio& lldea.HéG [Concave-[}g{ /

Ease Off Surface - Pinion 11x45a HyG [Concave-OB] [Limi] [MoEr] [Poc-No%ep] [Finishing] mc=3.05 E=0.00 P=0.00
G=0.00 [mrm] B:0.095 [mm]/0.047 [deg.]

PoC calculated by
. tooth flank normals

Backlash

EPG values
¥

Pinion Convex-1B Pinion Concaye-0ORb
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Kinematics -> Ease Off Child Window

File  Edit
~ v4
HyGERRS V 4.0 @ @ - Surface Statistics ﬂ
Ease Off Surface - Pinion Concave-0B
" Ease Off Surface - Pinion 11x45a.HyG [Concave-OB] (23]
Ease Off Surface - Pinion 11x45a. HyG [Concave-OB] [Limi] [MoEr] [Poc-MoSep] [Finishing] mc=3.05 E=0.00 P=0.00 Déte ; 23’(10’,:013
G=0.00 [ram] B:0.095 [mm]/0.047 [deg.] Time P B:r44:47 AN
Units H [mm] [D.dec]
Prepared by : Claude Gosselin
RVERAGE ERRORS Pinion Concawve-0B
Pressure Angle [D.dec] 0.0677
Spiral Angle [D.dec] : 0.0201
Crowning [mm] : 0.0519
Profile Curvature [mm] : 0.0001
Warp Factor [/10 mm] : 0.3787
Sum Errors Squared [in] : 0.03241090
Finion Convex-1B Finion Concave-Ob \‘}i{ HyGERRS V 4.0 ® ® - Surface Statistics
Ease Off Surface - Pinion Convex-IB
Date : 03/10/2013
Time : B8:44:47 BM
Units H [mm] [D.dec]
Prepared by : Claude Gosselin
LVERRGE ERRCRES Pinion Convex-IBE
Pressure Angle [D.dec] : -0.1517
Spiral Angle [D.dec] : 0.0269
Crowning [mm] : 0.0641 [
Profile Curvature [mm] : 0.0013
Warp Factor [/10 mm] : 1.0023
Sum Errors Squared [in] : 0.04770345

Ease off Surface statistics
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HyGEARS Production Control Functions

HyGEARS offers several tools for Production control. For Spiral-Bevel and Hypoid gears, CMM

functions have been developed to:

— define where measurement on the tooth flank is to be performed;
— convert and display surface measurement (from any CMM) for quality control check;
— calculate Corrective Machine Settings; deviations can be added to pre-compensate for heat treat.

deformations;

— Reverse-Engineer measured surfaces using the proprietary Surface Match algorithm.

CMM Nominal Data - Gear Demo1441.dat
[Convex-IB] [Finishing]

23.873[mm]

0.0156 — [ — [ [ UpVEXIB L[ joone
L—r\&«x‘{ e \——\h——\-——\m—-\r—’

% 1
T_W“W‘W—WJ%L\J\‘LLL\—_L\

Heel 0.0108 0.0016

mmau%rﬁfﬁﬁrﬁﬁﬁFMQWT

00078 Concave-OB ‘00006

Gear [Finishing] FH202A-AfterLapping-C1C7#1-1.dat
[Meas.Surface : c/gear_tooth1_al.mes/1]
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HyGEARS Production Control Functions

Measurement, Corrective Machine Settings and Reverse Engineering

Pinion

Gear
Pinion and Gear
Reference Frames

HPGL Graphic File

Tooth - M/C 1
Kinematics ¥
I| Measurement 4 Measured Surfaces
2D Graph Tooth Errors
TE - Peak to Valley Error Surface

Comp. Mes-5im Surfaces
Actual Vs Actual

Meshing ’ Stock Distribution
Corrective Machine Settings

Complete Surnmary

Reverse Engineering

CMM Mominal Data

© Involute Simulation Softwares Inc. 2021




HyGEARS Production Control Functions

Measurement -> CMM Data selection and conversion

T — - —
.h" Measurement-Simulation CnmEarisnn - Pinicn Demol441.dat u .,,_" RAM to HyGEARS Conversion - leu- u

Comparisan Data
RAM File Name: e wh'demo'\demop.ram
[T Create Nominal
[T Mimor Image (Punch Made)
Owerall Punch Height

Thickness Emor: 0.0000

Geometry Pinion
Displayed Tooth # 1-14
X Conversion Factor (Muttiphy) Auto
Y Conversion Factor Auto

Z Conversion Factor Auta

RFD File Names: E:\WB'\Demo"Demo_p1rid

e E:\VB\Demo'\Demop ram (. E\VE\DemoDemo_p2 rfd

(o ) ox ] ewes |

Measured Tooth Hs: 1

Output File Name: e \wbdemao'demop mes

Test if the data file is of :

“Ram” type;

o “Rfd” type;

e “Gleason-Zeiss” type;
*  “Hoeftler” type;
 “MdM” type;

* “Klingelnberg-P” type;
* “GAGE” type;

e *“Zeiss Gear Pro” type;
 “HyGEARS” type.
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

The Surface Match algorithm (1994) :

— Changes the machine settings of the selected member until the measurement surface
statistics are within given tolerances;

— Uses the sensitivity of the error surface (difference between measurement and simulation)
to chosen control parameters to iterate until the desired tolerances are met;

Toe to Hed hias arar _
Spiral angle aror
Cromning esrr
‘}K_m\e{l}
00017

\'\K \‘k \.k b\:x\*t\“\ b&*\ h‘“\ J\il I\J\
T i s Y N Froseange ancx
0OI7L NN N - Ry - R N R J\-ELU}B

Top

Tee

e S
| A S
ST 7 7T
/777 777

00002 CanecIB Lo

0.200 [mm] Offset change

— Applies a Newton-Raphson based iterative process to solve the objective functions.
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Pressure Angle Error:

Spiral Angle Error:

Crowning Error:

__ /—B sfors
5,

After reaching
by the tarzet vale

O.B.J

\;I.B.

After reaching
‘ the tam st walve
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Warp Error:

Taper Error:
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Surface Statistics:

* average pressure angle error: Where:
£ —&;
LZ_I Vii— _:L']_”:-:| 1 is the index of row measurement data, along the tooth
& - El i flank;
J ] is the index of column measurement data, across the
tooth flank;
* average spiral angle error- __ mid is the index of the mid-column or mid-row
[ S Ef:i_ff:l} measurement data;
L | ol X e;; 1s the error value at point ij of the measurement grid;
poo el J X;; 1s the distance between measurement points along the
: tooth flank;
e average crowning eror: yij 18 the distance between measurement points across
Z (28 (6, +E.,) the tooth flank.
= _ rewl 2
i
* average profile curvature error:
Z (28 ; —(E 8D
Fo_ o=l 2
T J
* hias error:
L =%-=%
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Objective Functions:

15t Order:
& (v, x.SiBase) — T, < I, ?I)I is tEe average pr?ss;tre a;agle error;
¥ (x. v, SiBase) - T, < L, is the average spiral angle error;

20d Order

=(t,x, w, SiBase, Offfiet) — I, =
Ci{t.x. w, SlBase, Mcith) - T, =

is the averaged crowning error;
is the averaged warp (bias) error;

-I-H t
g 1]

T, are the requested deviations;

1
L. are the tolerance limits;

1
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Jacobian (or 1% order sensitivity) matrix:

@ s the average pressure angle error;
15t Order: 8> & | |, o Y is the average spiral angle error;
: 80 8D | |4, B o .

T & = isthe averaged crowning error;
(= [ €  1sthe averaged warp (bias) error,
& v
ot ok ||
27d Order:

ab 2 &P AT —d

8t & Mab DRatio

L S S o S T —y

&r &k Meth  ADRatio

E £ & &= _

2 x AMch DRaro | |V =

&r & Mcth ADRatio | |DRatio]  |=C
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HyGEARS Production Control Functions

Measurement -> Surface Match Algorithm for Correction / R.E.

Algorithm flow chart:

Save Initial
machine settings

v

Restore Nominal geometry
machine settings

Calculate 1 (and 2™) order
error surface senstivity
matrix

5

Calculate error surface
and statistics

v

Target and Tolerance values Yes
reached 7

A4

Calculate and apply
machine settings increments
(equations 8a or 8b)

v

—

Redigitize tooth

f

Save Final
machine settings

Calculate machine settings
differences between
Nominal and Final values

v

Add machine settings
differences to
Inital values
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings and R.E. selection window

" Carrective Machine Settings Pinion - [Finishing]

o Corrective Machine Settings Pinion - [Finishing]- S

| Tolerance |Order| Machine |

Order | Machine

[ Actual ve Actual

Targets and Tolerances

Tooth Thickness [mm]
Pressure Angle [dd mm ss]
Spiral Angle [dd mm ss]
Crowning [mm]

Profile Curvature [mm]

Cutting Changes Order Tooth Flank Selection
(") Drive Al

@ 1st © Coast STt
0z } _ Pressure Angle

) 2nd @ Drive + Coast T T
0.00.10 ) B

Midde Row Tooth Thickness

00010 Middle Column T
0.005 H terations Machine

0.0010

Max. # teratio... 20

116F

Warp Factor [/10 mm]
Tooth Taper [dd.mm ss]

0.00.10
0.00.25

[ Calculation Trace

[] Recalc Jacobian each iteration
[¥] Auto Damping =irt=in Pairt Width

Tolerance options on target values and tolerances;

Order options on what is to be corrected;

Machine options on control parameters constraints;
Correction calculated changes in machine settings;

Expected Stats what HyGEARS hopes to achieve after correction;
Errors point by point differences
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings and R.E. selection window

i ™
" Corrective Machine Settings Pinion - [Finishi g " Corrective Machine Settings Pinion - [Finishi g
i ng ng e ng ng
| Tolerance | Order | Machine | | Tolerance | Order | Machine | Comection [mm] | Expected Stats | Errors |

T ] = - 1st Order Changes {O.B.) (I.B.) -

R @ |E

@ T Machine Root Angle 0.00.00 0.00.00 =
. Eccentric Angle -0.04.57 -0.13.57
Cutter Spindle Angle Cradle Zngle 0.08_52 0.15_41
A . Swiwvel Rngle -0.45.43 0.50.58
....... () Foeed Cutter Spindle Angle 0.00.00 0.00.00
Pressure Angle Decimal Ratio 0.00000 0.00000
lrron ) Machine Center To Back - -0.0122 0_ona1
@ Cutter Titt @ Sliding Base -0.4842 0.3089
) Blank Offset T Blank Offset [Up] 0.0000  [Up] 0.0000
o B Blade Angle 0.00.00 0.00.00
39ging Angle : S Doint Diameter 0.0000 0.0000

() Blade Angle Eccentric S

4 T | »
| fopiy || Beset || Punt J[ 0K |[ Cancel |

options on target values and tolerances;
options on what is to be corrected;
options on control parameters constraints;

Tolerance
Order
Machine

Correction calculated changes in machine settings;
Expected Stats what HyGEARS hopes to achieve after correction;
Errors point by point differences
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings and R.E. selection window

" Corrective Machine Settings Pinion - [Finishi_

| Tolerance | Order | Machine | Comection [mm] |

Drive
Tooth Thickness [mm]

Pressure Angle [dd mm ss]

o o |

[S5C)

Coast

Spiral Angle [dd mm s3]
Crowning [mm]

Profile Curvature [mm]
Warp Factor [/10 mm]
Sum Errors Squared [in]
Tooth Taper [dd.mm.ss]

4 Corrective Machine Settings Pinion - [Finishir_

[ ooty ][ Beset [ pat J[ Ok [ concel |

| Tolerance | Order | Machine | Comection [mm] | Expected Stats |; &

ence [mm] Tooth 1

(= 1 2 3 4 5 [ 7

RBoot Concawe—-0B]

a_00a57 0.
0.0014e-0.
0.00Z10-0.
0.00z14-0.
0.000e8-0.
Tipl

0_00581-0.
0_00&835-0.
0.00741-0.
0_00832-0.

00308 0.
001z24-0.
00005-0.
00088 0.
00125-0.

002%92-0_
00302-0_
00436-0._
0o0518-0._

000&ez

00134-
00035-
00100-
00173~

00045
00085

001585-
00305-

0.
a.
a.
a.
a.

a.
0.
0.
0.

00108 0.
001ze-0.
00157 0.
00053-0.
00274-0.

00013-0.
00041-0.
00054 0.
00147 0.

00131-0._
001353-0.
00000 0O,
00045-0.
00202 0.

00053-0._
00006-0_
00000-0._
00000-0._

000&8%-0.
00z57-0.
00100-0.
o0o0es 0.
00010 0.

00041-0.
0002&-0._
00025-0.
0007&-0.

00014 0.
0031le-0.
00083 0.
oo0z% 0.
ooosz 0.

00276-0_
00341-0._
00260-0_
00173-0._

1 I

1

00011-(
001lEs-(
00055 |
00103 |
o0011g (|E

00452-(
00336-(
00451-(
00362-(

-

r

ooty ][ Beset ]| pint ][ ok ]| Cancel |

Tolerance
Order
Machine
Correction
Expected Stats
Errors
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options on control parameters constraints;
calculated changes in machine settings;
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Measurement -> Corrective Machine Settings

HyGEARS Production Control Functions

HyGEARS offers Corrective Machine Settings (similar to Gleason’s GAGE)

CMM data is used to calculate changes in machine settings needed for the actual tooth surface to

match the theoretical tooth surface.

Corrective Machine Settings support:

It order errors: spiral angle, pressure angle, tooth taper;

24 order errors: crowning and tooth warp (bias);

Roughing and Finishing;
All FM and FH cutting processes

-
4w Corrective Machine Settings Pinion - [Finishi

Order | Machinel

[ Actual vs Actual I

— Targets and Tolerances

Tooth Thickness [mm]
Pressure Angle [dd.mm ss]
Spiral Angle [dd.mm ss]
Crowning [mm]
Profile Curvature Jmm]
Wamp Factor [/10 mm]
Tooth Taper [dd.mm ss]

nnnnn

nnnnn

| Tolerance i O

Machine

=

Cutting Changes Order

| o
@ 2nd
Middle Row

Middle Column
# lterations

4w Corrective Machine Settings Pinion - [Finishing]-

Tooth Flank Selection

) Drive Al

©) Coast Spiral Angle
Pressure Angle

@ Drive + Coast TerTh s
Tooth Thickness

Machine

Max. # tergtio... 20

[ Calculation Trace
Auto Damping

116F

[T Recalc Jacobian each iteration
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Measurement -> Corrective Machine Settings

Concave-OB Concave-OB

00016 0;0016 02041

TIILT ST LT
[7771 177717

Convex-IB Convex-IB
Theoretical and Theoretical and
target pinion tooth surface 30’ bias-out tooth surface
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Measurement -> Corrective Machine Settings

Concave-OB

-0036 -0.9020

s
L)L 1A

Convex-IB

Toe
[mm]

-2 um profile deviation

Concave-OB

o

N

0’043 0.0011

)T
Yoaaw

Convex-IB

0 um profile deviation
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Measurement -> Corrective Machine Settings

Concave-OB

12

—o— Toe
10 4——=Mid
Heel

8 | | —@=Theo. /
6 /

O’@E‘I46

“ry 7k

Déviation (um)
N

777 / :
-2
0.0001 ConvexB 0.0001 4
+8 um profile deviation Requested vs Obtained

profile deviations
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Measurement -> Corrective Machine Settings

60

50

40

30

dB

20

10

—o—Set A
—8—SetB

—4— Set C

60 90 120
Torque [N-m]

Vibration Levels Before Correction

Set C

Set B

Set A

BPs Before Correction
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Measurement -> Corrective Machine Settings

Concave-OB

0.0073

Concave-OB

0.013}
Toe Top

[mm] 0.0000 0.0000

T/ T
///// ST

-0.0000
Convex-IB Convex-IB

Differences between Differences between
Pinions A and B Pinions A and C
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Measurement -> Corrective Machine Settings

dB

60

50

40

30

20

10

——Set A
—a—Set B
——Set C

60 90
Torque [N-m]

Before Correction

120

60
50
a— =
40 -—7
m
5 30
20 ——Set A
—=— Set B’
10 —a—Set C'
0 T L T
60 90 120

)

Torque [N-m]

After Correction
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HyGEARS Production Control Functions

Measurement -> Reverse Engineering

HyGEARS uses the Surface Match algorithm to Reverse Engineer existing tooth surfaces.

Reverse Engineering is useful to:
— 1dentify the machine settings of existing gear sets for which the summaries are lost;

— analyze existing gear sets and 1dentify the machine settings or provide a reference surface
leading to quietness;

— diagnose the reason for a failure by simulating meshing and load sharing;
— optimize the Stock Distribution;

— use different cutters on a given geometry (Fixed Setting only);

— calibrate mechanical machines to pre-compensate for their inaccuracies;

— etc.
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HyGEARS Production Control Functions

Measurement -> Measured Surfaces Child Window

Measured Surface

Pinion/Gear
Geometry name
g M urface - Wear Demol44].dat J/. El-@ E Meas.Surface - Gear Demol44l dat [... [ = |[ B |3

Meas.Sutace - Gear Derol441 dat [Concave-OB] hMeas.Surface - Gear Demo1441.dat [Concawve-08]
[ demao_gl-4.mesi1] [Finishing] [demo_gl-4d.mesi1-41] [Finishing]

Finish/Rough

name

Measurement datafile ||+

Measurement Measured
Grids Teeth
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HyGEARS Production Control Functions

Measurement -> Measured Surfaces Child Window

Use the Demo1441.HyG geometry. Test the following Measured Surfaces child window

function buttons, one by one :

- Create a Measured Surfaces Child window for the Gear

-“3D” — toggle in and out of 3D mode

- “XYZ” to select which tooth to display (use #1)

- “NoPo” — toggle in the display of the Contact Pattern
- “ErrS” — toggle the CP into using the Error Surface — use “Linear” in “Opt”
- “Scal” — change the scale such as to view the Error Surface deviations

“" Meas.Surface - Gear Demol44].dat [Convex-1B]

=3

MWezas.Surfzce - Gear Demol44l dat [Convex- 1B] [demogl28.mes/1] [Finishing]

'ﬁ:‘ Meas.Surface - Gear Demol44].dat [Conwvex-1B]

IMezzs.Surface - Gear Demol441 dat [Convex- 1B] [demogl28.mes 1] [Finishing]
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HyGEARS Production Control Functions

Measurement -> Compare Meas-Sim Surfaces Child Window

ﬁ.‘ Corrective Machine Settings - Pinion Demol441.dat \EI

Concave-0B
-0.0205

\J\I\\\\\\\
\\1\\.\\\\1\

= S -

Thickness error

Pinign [Finishing] Dem:1441.dat_."1'h.Err:-ﬂ.4??B [Mominal] [Meas.Surface : dema_pl2.mesi]
T R

Pinion/Gear

—/ k Measurement datafile

Rough/Finish

Geometry name
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HyGEARS Production Control Functions

Measurement -> Compare Meas-Sim Surfaces Child Window

Reference Surface

Measured S urface
\ Comrex
00520 KR

Spiral Angla Frror

00250 _\

To= 0.0320 = _-. - b ey eso
[ oo g, Toe T
- =F==2 0.0260
0020 =t 0.1220

* Bressura Angle Error

15t order errors

00000 Convex 0.0005
R N N
PN
L_:‘ruilha CL:I.:\?.I.‘L‘,:I.IE EII‘{H.' \
To= 0.0010 H’ \h\Tu\; \' \‘ \‘ (L0
[mm] 0.0020 1 7T 0.0060

T

Vit i v i .

fp T Y F T f T Refeee surkes
oouso o LT LT T

Crowning Emor

Weazured Surface

Warp Ermor

2nd grder errors
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HyGEARS Production Control Functions

Measurement -> Compare Meas-Sim Surfaces Child Window

Use the Demo1441.HyG geometry. Test the following Comp Meas-Sim Surfaces Child
window function buttons, one by one :

- Create a Comp Meas-Sim Surfaces child window for the Pinion
- “Stat” — call the Surface Statistics Output — compare with the Error Surface

-
T 0s s e ===
File  Edit
" Comp. Meas.-Sim. - Gear Demol441 dat \EI [ vd
b ¥
HyGEARS V 4.0 ® & - Measured 3urface Statistics ﬂ
Involute Inc.
fmebec, Canada
607H - Meas.Surface : demol-28.mes/1-41
Gear [Finishing] [Nominal] Demold41l.dat
Date : 03/10/2013
Time : 10:12:50 AM
Units H [mm] [dd.mm.ss]
Prepared by : Clande Gosselin
AVERAGE ERRORS (I.B.) (C.B.)
Tooth Thickness [mom] : -0.0003
Pressure Angle [dd.mm.==] : 0.01.34 -0.01.13
Spiral Angle [dd.mm.=s=] : -0.00.09 -0.00.06
Crowning [mm] = 0.0000 -0.0006
Profile Curwvature [mom] -0.0008 0.0001
Gear [Finishing] Dema1441.dat/Th.Err-0.0003 [Nominal] [Meas. Surface : | Warp Factor [/10 mm] : 0.03.10 -0.01.13
demal-28.mes/1-41] Tooth Taper [dd.mm.=s] -0.00.04
Sum Errors Sguared [in] : 0.00000010 0.00000008
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HyGEARS Production Control Functions

Measurement -> Compare Meas-Sim Surfaces Child Window

- “Scal” — experiment changing the scale from Auto to any available value

.," Comp. Meas.-Sim. - Gear Demol44]1.dat @

\ \ \ ‘\ \ \\ \\ﬁ \ & Comp. Meas.-Sim. - Gear Demol441.dat ==
AN N N N N N N N ooy e

S N W N i i T

B i v i v i \\\\\\\\\

7 7 77 77 7 P W W W U W W W W

7 7 77 7 7 | o
A ) /A i i /////////

demol-28.mes/1-41

Gear [Finishing] Demol1441 dat/Th.Err:-0. DDDB[N ominzl] [Mezas.Surface |

//’f//////

0.o00: T Concaved 00012

Auto-Scale

Gear [Finishing] Demol441. ::IatTh Err:-0. DDJB[N aminzl] [Meas.Surfas :
demol-28.mes/1-41

Scale = 10 um
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HyGEARS Production Control Functions

Measurement -> Compare Meas-Sim Surfaces Child Window

- “Outp” — call the Error Surface Output

r
o - cev e o I

| Eile Edit

HyGEARS V 4.0 @ &

Comp. Meas.-5im. Gear [Finishing] [mm] - Demol44l.dat

Date [/ Time : 0D3/10/2013 / 10:16:45 AM

General Units : [mm] [dd.mm.==]

Contter Units : [in] =
Prepared by : Clande Gosselin

Version : 4.0.402.40

Measured data file : e:'\wb\demo\demol-28. mes

Difference [mm] Tooth 1 - 4

Ia3\Iac: 1 2 3 4 5 & 7 8 2

[Tooth Root Concawe-CB]

1 0.00023 0.00086 0.000892 0.001594 0.00189 0.00140 0.00120 0.00175 0.00122
2 0.00273 0.00263 0.00166 0.00114 0.00113 0.00082 0.00071 0.00090 0.00107
3 0.00183 0.00072 0.00019-0.00034 0.00000-0,.00045 0.00003-0.00026 0.00034
4 0.00032 0.00114-0.00018-0.00048-0.00052-0.00065-0.00082-0.00014-0.00002

& -0.00038-0.00018-0.00095-0.00053-0.00121-0.00109-0.00062-0.00045-0.00036
[Tooth Tip]

& -0.00067-0.00055-0.00040-0.00024 0.00008 0.00061 0.00063 0.00066 0.00064

4 -0.0010%9 0.00033-0.00023-0.00086-0.00046 0.00007-0.00021-0.00024 0.00010

3 -0.00025 0.00050 0.00045-0.00005 0.00000 0.00006 0.00016 0.00070 O0.00083

2 0.00007 0.00171 0.00097 0.00092 0.00062 0.00142 0.00150 0.00105 0.00238

1 0.00070 0.0025% 0.00161 0.00202 0.00197 0.00221 0.00236 0.00258 0.00255
[Tooth Root Convex-IEB]
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HyGEARS Production Control Functions

Measurement -> Stock Distribution Child Window

" Stock Distribution - Pinion Demol441.dat 5]
— T T T Fencdieoh T
o49ze ([ _I5 (B 1 Hh m—rm o o N 2 R
N e TS T S T S o S
I'l.— . 3 = F_
\J e — ;- i L ,
"‘“.— Il.— T ¥ - F_
Y T ™
N N | = — -
T NI Y B i = o
Y R TR = =
RO N R O Y V3 .8 7
A I Y L AT
Tae N NN NN
. 0.3539 0.5293
[mm_ T:||:|
0.3633 0.0964
i 7 i N A
e e rra F;nl"njl't_ﬁdLL_ﬂ+?}1]’
. o S hi 7 7 17 - 7 ] A f 7 ¥ —
- ~ A 7 T AT AV _JdFE—fy
Stock Distribution ,,sn : _ e ‘i"t
i N\ G T N N E 1
) »;\ Gony I8 13
St::kDistrihuti:Jn-Fini:Jn[Finisﬁing:Elem::|14-41.::lat
A N\
Rough/Finish
Pinion/Gear
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings Child Window

Corrective M/C Settings: machine changes for the manufactured tooth to match the design tooth

Corrective Machine Settings

AN

% Corrective Mach

Settings - Pinion Demol441.dat

-0.1826

uuuuuu

.'J4E

hKNN\\\\\

N N N NN W e

Toe

[mm]

N v NN N e T

h\\\\\\l\l

A\

0.027

3 Geometry name

LT 7777 A{j
e

Thickness error

Pinion [Finishin;: Demold4l.dat/Th.Err:-0.3314 [Nominal] [Meas.Surface : demo_pl2. mesfl-14] |

A

\ A

Pinion/Gear

1\

Rough/Finish

(.

Measurement datafile
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings Child Window

Use the Demo1441.HyG geometry. Test the following Corrective Machine Settings child

window function buttons, one by one :

- Create a Corrective Machine Settings child window for the Pinion

_ “Sett” _
- “Order” Tab — select 24 Order

% Comp. Meas.-Sim. - Pinion

0. 44?8 - Concave-0B

\J%\\a\x\};
W N .
A N

Pinion [Finishingl/Th Err-0. 1826 [Maminall [Meas Surface - demo pl2 messl]

call the Corrective Machine Settings selection

- —
" Corrective Machine Settings Pinion - [Finishing_!-

‘ Tolerance | Order | Machine
Cutting Changes Onder Tooth Fank Selection
() Drive [ A
| P © Cons Spiral Angle
Pressure Angle
I @ Znd @ Drive + Coast
Middle Row [T] Tooth Thickness

I Middle Column Bias
| # lterations Machine ‘Crowning!

Max. # lteratio... 20 116F
' [ Calculation Trace [7] Recalc Jacobian each iteration

Auto Damping

. B T A
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings Child Window

% Comp. Meas.-Sim. - Pinion @ 4w Corrective Machine Settings Pinion -[Flmshll M

0. Ef-ge._-"Ei _I_ o B Concave-0B 00205 | Talerance | | Machine | Comection [mm] | Expected Stats | Emors |
: ——— _
\f_ B A\I_ _\q_ — _\q' - _V‘Er _ \ __‘a‘ B _ B J\ fa: 01923 Cutting Changes Order Tooth Flank Selection
\f _ —\v — —\v — N \ \ _\__ N J\ o B s s Ord @ Diive B Al

S N W W e . - com e
R W W W . e i i e

-0yJ495 @ 2nd @ Drive +Coast T T

: . — S : Middle Row [ i iy
| 5 7 ———i{— /__ f j———/ﬂ Middle Calumn ;:jh e
'VL — _’f/f/_ — T:'fi——i— / __.-' _ _/'4.____74'f gliei TR Crowning
7 VA e Aﬁ' fio: 0.06.54 Max. # eratio... 20 116F

y—
- .bfz——j'___/ _/i —/}f —-7,}*__7-,;;___4;__ é’f fa:-0.18.22

0.0195 I J__ l D.ﬂf 2 I [ Caleulation Trace [7] Recalc Jacobian each teration
o [] Muto Damping Mairtain Poirt Widtt
Finian [FinishinglTH.Ermr-01826 [Maminall [Meas. Surface : detno pl2 mes/] o~ Corrective Machine Settings Pinion -[Flmshlm
r*:‘ Corrective Machine Settings - Pinion @‘ | Tolerance | Onder | Machine | Comection [mm] |
0qss— i —— _'{ﬂ_ﬂ_:_H!Er-DB_L_ — _U-'qq.54 Drive Coast
\F'-..__ . E‘S_XK _\{_\‘?\ _\“”\;.: \"‘5\ '5“%\ o 0o0n Tooth Ticknes o amz |
— —— —— Pressure Angle [dd.mm ss] _ _
[20/20] L ':-___Lj AN N N NN Spiral Angle [dd mm.ss] 00009 00008
Toe 0\3'531_ T i _EI\BDDE Crowning fmm] 000001 UL
(mml 513 Tap View 0.0005 Profile Curvature [mm] 000042 o000t
/—’ ‘L _l J / / / 7__7 Wamp Factor [/10 mm] _ _
[ /S S S S S T Sum Errs Squered ] ooww  oooew
// [ [/ [/ // / ,«"/ [/ womo | Tooth Taper dm.s] o000
- / / 3
-0.0016 L/ S [ -D.Eu'n/l;at
Finion [Finishing]/Th.Err-01112 [Mominal] [Meas.Surface : dero_pl2mes/1] [Badiwarq [ = ” —— ” - “ ~ ” — ]
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HyGEARS Production Control Functions

Measurement -> Corrective Machine Settings Child Window

- Check the displays in all other Tabs
- Click on “Ok” to keep, “Cancel” to dump

s

*" Corrective Machine Settings Pinion - [Finishing
.

| Tolerance | Order | Machine |; Comection [mm] | Expected Stats | Emors |

Z2nd Order Changes {(0.B.) {(I.B.)

Machine Root Angle T 0.00.00 0.00.a0
Eccentric Angle b -0.04_04 -0.02_28
Cradle Angle E -0.08.22 0.10.11 { Expected Stats | Ermore |
Swivel Rngle H -0.56.53 -0.0&.24 e

Cutter Spindle Angle T 0.00.00 0.00.a0

Decimal Ratic : 0.00000 0.00000 Coast

Machine Center To Back : -0.30351 0.2494
5liding Base z -0_.4048 -0_.18498
Blank Offset : [Up] 0.0000 [Up] 0.0000

Blzde Angle H 0.00.00 0.00.00
Point Diameter b —-0.02Z25 0.0101

4 1

-00Z1a-0

-00155 a.
-00131-0_00423-0_00225-0._
.00031-0.0020&8 0.00117-0.
0127-0.00071-0.00082-0.000023-0.00¢

-00303-0_00224-0_001%0-0. B

00037-0.

.00004-0_00074 0.00035 0.
0020 0.00008-0.00141 0.00107-0.00C
0000-0.00110-0.00032-0.0007& 0.00C
/0043-0.00093-0.00001-0.00031 U_Uﬂt[]

4 [ T | 3

o ] o [ x|
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HyGEARS Production Control Functions

Measurement -> Reverse Engineering Child Window

Reverse Engineering: machine changes for the design tooth to match the manufactured tooth

Reverse Engineering

AN

1." Reverse Engineering - Pinion Dermol441.dat

Geometry name

Thickness error

4
Pinion [Finishing] Demaol44 1 dzt/Th Err-0.4770 [Nominal] [Meas.Surface - demao_pl12 mes-14] |

£ A X
Pinion/Gear J \ Rough/Finish

Measurement datafile

© Involute Simulation Softwares Inc. 2021




Reverse Engineering : Duplex Helical Example

Measurement ->

Reverse Engineering

Actual gears + CPs

Simulated CPs after R.E. based on CMM data

(noisy- whining)

i, Bearing Pattern - Gear 1149079

RE.dat [Concave-0B]

—h

.

1149079mg-RE.dat - Finion [Finishing] [Nominal]
Convex-1B Gear [Finishing] [Nominal] [PoC-NoSep]
mec=2.90 E=0.00 P=0.00 G=0.00 [mm] B:0.002 [mm]

1149079mg-RE.dat - Pinion [Finishing] [Nominal]
Concave-0B Gear [Finishing] [Nominal] [PoC-NoSep]
me=2.90 E=0.00 P=0.00 G=0.00 [mm] 8:0.001 [mm]

i3 [uRad]

-1000

mm@

\
[ [ A

1500

3 [uRad]

S A A

-2100

Bearing Fattern - Gear
[Finishin

148079mg-RE-OFT .dat [Concawe-0B] [L
] mc=3.26 E=0.00 P=0.00 G=0.00 [mm] B:

i] [NoEr] [FoC-MNoSep]

040 [rmirm]

v

Heel

Gear Concave-0B

y

Heel

Gear Convex-1B

Heel ] / / / ]
Heel -2000 7 7 7 -2800
_2500 ] 1 1 Il Il Il 1 1 1 1 _3500 ] 1 1 1 1 1 1 1 1 L
Geafl Concave-0B Gear Convex-1B 72 36 O T 109 046 586 22§ %6 497 858
CPs after re-development based on R.E. Gear
. 1149079mg-RE-OPT.dat - Pinion [Finishing] [Nominal] 1149079mg-RE-OPT.dat - Pinion [Finishi N I
ﬁ Bearing Pattern - Gear 114907%mg-RE-OPT.dat [Concave-OE] EI@ Convex-lgﬁear [Fmishungll fNEmier;I] iHPt:vC-NoSEIp]a ConcaveTOEB Gear [F,,.ﬁ5hm‘g"i“fﬁ‘.,[r,{?,;;]”fgéf;ﬁg'}'g:]]

me=3.26 E=0.00 P=0.00 G=0.00 [mm] B:-0.100 [mm]

dp3[uRad]
0
- Ampl459[uRa
-460 / / /\ \ \
=520 \ \ \
-1380 \ \ \
-1840 \ \ \
2300 ] I T R Y A B
-83 -45 —603 [,]3_2_) 71 109

me=3.26 £=0.00 P=0.00 G=0.00 [mm] B:-0.100 [mm]

P
BTN

T T T

-2400

-3000 T
-94.4  -5R3

45.9

T B
-22.&3 [ﬂjl?:?: 85.9
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Measurement -> Reverse Engineering

P
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Measurement -> Reverse Engineering

Bearing Pattern - Gear FH203A-Developed-REHard. dat [Convex-18] [Limi]
[ErS:86_1247_pinion_hard.mes/1; 86_1241_gear_hard.mes/1] [Finishing]
E=0.00 P=0.00 G=0.00 [mrn] B:1.842 [rmm]

FH2034-Developed-REHard dat - Finion [Finishing)
Concawve-08 Gear [Finishing] [EnS
86 1241 pinion hard.mes1; ..

Mild and
shallow TE

921 1214 1807

3 -

4.2 335 E2.8

Toe -0.0011 B B T LI
] L0005 1O T 0265

-0.0006

-0.0228 Convex-lB

Finion [Finishing] FHZ203A-Developed dat [Meas Surface
86_1241_pinion_hard mes/1]
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Measurement -> Reverse Engineering

Bearing Pattern - Gear FH203A-Developed-REHard dat [Concawe-0B] [Limi] FH2DSA—Developed—F{EHard.dat - Pinion [Finishing]
[ErrS:86_1241_pinion_hard.mes1; 86_1241_gear_hard.mes/1] [Finishing] o EBG B Ers -
E=0.00 P=0.00 G=0.00 [mm] B:1.842 [mm] O ear [Finishing] [EnS

86 1241 pinion hard.mesf; .

583 uRad
g3 E_] ____________________________________
azo0 k. VR U R
ABOOL e N -
2400 L Deep and
w0 sharp TE
81 227 B44  ge1 1173 149F
831 <

Toe 00025 o i = 7005
[mm] '0.0013__._

0.07736 Concave-0B 0012

Gear [Finishing] FH203A-Dewveloped.dat [Meas.Suface
86_1241_gear_hard.mes/1]
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HyGEARS Production Control Functions

Measurement -> CMM Nominal Data Child Window

Pinion/Gear

CMM Nominal Data K /

ﬁ"’ CIMM Nomin\g‘{yta - (Gear Denpkﬂédat [Concave-0R]

Rough/Finish

— &

CMM Nominal Data - Gear Demaol441 dat [Concave-0B] [Finishing] |

1.00imm]

¥ Geometry name

Z.00jmm]

e X

D;E.’E-:111‘EI

Hezl
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HyGEARS Production Control Functions

Measurement -> CMM Nominal Data Child Window

w" CMM Interface - Demol441.dat - [mm]
—

HyGEARS allows the definition of the Target CMM grid.

Geometry

Puial # Points
Radial # Points

— Output can be done for several popular CMMs

Bottom Clearance

Top Clearance

— Edge reductions can be inputted at tooth Bottom, Top, Toe
and Heel;

— After measurement, the CMM output file is convert
a HyGEARS specific format for fast access;

Toe Clearance

Heel Clearance

[ Rectangular Grid

) Kingeinbera P © CDs
) GAGE ) Zeiss

— Probe ball can be displayed and moved at
visualize potential interference;

Probe Diameter
[] Show Probe Ball

@ Fam 300 ) Hosffler ZP350
©) Gear Bevel (Unix) ) MdM Mecatronics

(o)) (o ) o J[oem )

© Involute Simulation Softwares Inc. 2021




HyGEARS Production Control Functions

Measurement -> CMM Nominal Data Child Window

- “2D” to change to 3D view;

- Rotate the display until a proper viewing angle is obtained;

- “Dims” to hide the CMM grid dimensions;

- “~Z” to toggle into Manual Zoom; zoom onto the Grid area;

- “Ram” function button — check the “Show Probe Ball” and enter 2.0 mm
as the Probe Diameter; click on the “Apply” button;

- “+/- with the left and right mouse buttons to move the probe along the

tooth flank;
= e
‘W:‘ CMM Interface - Demolddi.dat - [mm] .ﬂ 4 CMM Mominal Data - Gear Demal441.dat [Convex-IB] @
—— amins =mol441.dat [Convei- 1B] [Finishing) -
Geometry Gear
Hodal # Points 9
Radial # Poirts L]
Bottom Clearance 1.0000 ;M CMM Mominal Data - Gear Demol441.dat [Convex-IB] |E
Top Clearance 1.0000 =
Toe Clearance 2 0000
Heel Clearance 2 0000
[”] Rectangular Grid
{© Ram 300 © Hosffler ZP350 1
() Gear Bevel (Unix) ) MdM Mecatronics ‘ A
) Kingelnberg P © cDs
) GAGE @ Zsiss
Probe Diameter 2 0000

Show Probe Ball

1 (] "

[nim |+ [ aooy J[ ok ]| Cancel |
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2D Graphs Child Window

Allways Pinion

Geometry name

—

Graphic Display Functions

Current Pinion tooth flank

Rough/Finish

PoC calculated by normals

w . Gra pf\c Res

- Demold4]l.dat /

L

=

Demol44Y dst-Pinion [Finishing] [[

ominzal] Concave- DE-Gear[FlnlgFunl-' [Maminal] [PoLC- Nﬁep mc=3.44 E=0.00 P=0.00 G=0.00 [mm] B0.380
mm] 202.1 [M-m] E RatioLtca: 1.37 [Roark/Westinghouss fAGMA-Mod | X

11000 —11000 —

Pinion torque

17

800 — BEDD

Contact ratio Ltca

600 | Es;ua/_

Contact/sitfthess
models

0 —

e

=400 —

M) [N 58L[uRad 5;./3[51/

1200 —

.\%\

-1600 —

4400 —{ 4400 —
2200 — 2200 —
A B -

2000 —

EPG values

P

-1200

i
/
1/

-1600

-2000

13
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Graphic Display Functions

2D Graphs Child Window

TCA

: : [C] FFTTCA
Display options LTCA

[] FFT LTCA
[] Torgue
Load

X Fods Thetal Scale
Repeat 3 Separators

X-Axis options

EREnE=)|

# curves displayed Scale can be Auto or
Manual
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2D Graphs Child Window

Display options

X-Axis options

# curves displayed

Graphic Display Functions

Mirirnum

TCA

[ FFT TCA
LTCA

[ FFT LTCA
[] Torque
Load

Thetad
3

Scale Marual

Separators Half

When Scale is Manual,
bounds must be provided
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Graphic Display Functions

2D Graphs Child Window

Display Options

- TCA:

- LTCA:

- Torque:

- Transm. Force:
- Bending Def.:
- Contact Def.:

- Lamda:

- Efficiency Ltca:
- Temp Increase:
- B. Stress Gear:
- J Factor-Gear:

- Kt-G:
- #l... Gage Gear:
- K-Flex:

- Tooth Separation

FFT TCA:

FFT LTCA:
Load:

Sum Load:
Contact Stress:
Min. Oil Film:
Efficiency:

Frict. Coef. Ltca:
B. Stress Pinion:
J Factor-Pinion:
Kt - P:

#1... Gage Pinion
%:

K-Mesh:

Sliding Speeds:
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2D Graphs Child Window

Graphic Display Functi

File  Edit

— B
Fomom e I =

TCA

HyGEARS V 4.0 @8 @

Graphic Cutput - Demol44l.dat

Pinion [Finishing] + Gear [Finishing]

Pinion Concave-0OB

[HoEr]

Date / Time

: 03/10/2013 / 11:10:03 BM

General Units [mm] [dd.mm.=s]
Cutter Units [in]
Prepared by : Claude Gosselin
Version i 4.0.402.40
Theta3 [°] TCL [uRad]
Amplitude : 44,2807
Average : 0.0000
48.9631 -1296.14392
55.8125 -1013.03022
62.6594 -804.65380
69.5047 -674.10725
T6.4014 -630.41180
T9.8379 -361.82410
83.3430 -62.46720
86.9267 -4.53667
90.5337 -3.57589

| »

m

Text output of a 2D graph
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2D Graphs Child Window

Graphic Display Functions

"

fis Graphic Results - Demol441.dat [em]
Demol1441.dat - Pinion [Finishing] [Mominal]
~oncave-0B Gear [Finishing] [Nominal] [PoC-NoSep]
me=3.48 E=0.00 P=0.00 G=0.00 [mm] B:0.081 [mm)]

-

fis Graphic Results - Demol441.dat (3w
Demo1441.dat - Pinion [Finishing] [Mominal]

Zoncave-0B Gear [Finishing] [Mominal] [PoC-NoSep]

me=3.458 E=0.00 P=0.00 G=0.00 [mm)] B:0.081 [mm] ...

-

-

fis Graphic Results - Demol441.dat [
Demo1441.dat- Pinion [Finishing] [Mominal]

Zoncave-0B Gear [Finishing] [Mominal] [FoC-NoSep]

me=3.458 E=0.00 P=0.00 G=0.00 [mm)] B:0.081 [mm] ...

543fuRad
#3{uRad]

-280 4

-560 4

-840 1

i ;

FFT 643uRad
i

&3L[uRad
g

-154

-

, 0001 ;
1400 _ . . o000} w0
14 £ 73 02 131 181 0 740 1480 2220 2960 3700 14 43 7 02 131 181
831 - Hz 03[ —
TCA curve FFT TCA curve LTCA curve
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2D Graphs Child Window

Graphic Display Functions

- “2D Graph” - Create a 2D Graph child window; select “TCA”, click on “Ok”;
- “Grid” function button — enter E and P as 0.200 mm; click on “Ok”

o E/P Grid - [mm] - [N—mi ‘ =

E: (Finion Ver)
P: {Finion Har)
[7]G: {Gear Hor)
[ Shaft Angle
[] Misalignment
[ Pinion Runout
[7] Gear Runout
[ Pinion Radial
7| Gear Radial

Pinion Torgue

"] Rendering
[ Print Grid

[T Grey Scale
Display Grid

CAEar

PUSEER——--___________I e S .
- vd

0 T
E/P Grid - Demul441.dal:‘{GGEEAa'rs[:r:s?1ig] Convex-1B - 202.1 [M-m] AW‘:‘
E: -0.200 E: 0.000 E: 0.200
P: -0.200
m[ude] m[uﬂgd] 51'1[uFlSd]
56 ""I - I ."IP\' ] A A T BT 53.ﬁu/Rav/\vJ \.
e —1 VAVA ' 116 — i ,ﬁ\ |
a1 Iﬂ'{ I/ ! T 172 I‘ [ ‘|
saraos % x !I ] fﬂ : ;ﬂ! ‘I 1] i J[ i
11 8 R U S | PR B 289 T /B S V- g9l L T -
P: 0.000
503[uF{[a)d] 503[URSd] Sﬂ[uﬂgd]
_55_ .‘I I‘II‘ A / ‘II‘I W__ ;Lur\ﬂ\\[—\l‘ \n‘ _53_ |""'\ /\ {/"\\
e AVAVE g i o EANANA
i o il T AT
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Need to see how some LTCA metrics evolve with torque;

Graphic Display Functions

LTCA TE-P2V Child Window

* Display TE under load f{Torque)
* Display Sc f(Torque)
* Display SCP, SbG f(Torque)

o HYOLARS V4D © B . VIO ARAD Dame) Dem LALLdet [ 50000428

b - =) Torque slice
o Grphic Resuls - DRI o]

? i\"‘!:lo oo |
/_ IE - Peakto\a].le\ Graph

TE Amplitude is reported
on the Graph for each

0.012[in] B

T.E. Peak to Valley - FH202.dat - Pmlon [leshmg] [Nclrnlnal] Concave-0B Gear [Finishing] [Nominal]
[PoC-MoSep] me=3.38 E=-0.011 P=0.0

-0L010 [in] 12331.1 [Ib-in] C.Ratioltea: 3.01
1

[RDarkaesllnghUusez’AG MA-Maod

T.E. Peak to Valley - FH202.dat - Pinion [Finishing] [Nominal] Concave-OB Gear [Finishing] [Neminal]
[PoC-NoSep] mc=3.38 E=-0.011 P=0.008 G=-0.012 [in] B:-0.009 [in] 12331.1 [Ib-in] C.RatioLtca: 3.01

[Roark/Westinghouse/AGMA-Mod]

TE [uRad]
330

300+

270

240

210

180

150+

120+

90—

60—

El e

Sc [Ksi]
530

477

424

3714

318+

265—

212+

159+

106—

53—

SbplKsi]
250

225+

200+

175+

150+

125+

100+

75+

50+

25+

She[Ksi]
250

225+

200

175—

150

125+

100

7
/

75

50

d

o
o

2466

4932 7388 9865
Torque[lb-in]

12331

TE [uRad]
440

398

356

314

272

231

185

147

105+

63—

Sc [Ksi]

510

455+

408

3574

306

255

204+

153+

102—

51—

Shp[Ksi]

280

261

232+

Shg[Ksi]
300

270+

240

210

180

150+

—

/'/’
Hyap
ol / s

2466 40832 7300 9865
Torque[lb-in]

12331
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Graphic Display Functions

Meshing -> FEA Model Child Window

HyGEARS offers an advanced meshing interface in which a FEA mesh can be defined and outputted in
a matter of seconds.

Export in Patran Neutral file format

An FEA mesh is based on the same tooth surface as that obtained by the machine settings.

Loads can be applied, in different manners, anywhere on the tooth surface.

FEA Mesh - Pinion Demo1441.dat [Concave-0OB]
[Finishing] 1050 EIl. H20 - 6148 Nodes

1
b7
132
198
2h3
324
394
460
526
B
Bh?7
72z
788
b3
915
954
1060

FEA Mesh - Gear Demo1441.dat [Convex-IB]
[Finishing] 480 EI. H20 - 2893 Nodes

105
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Graphic Display Functions
Meshing -> Finite Strips Child Window

HyGEARS offers a proprietary solution to bending stiffness and stresses: the Finite Strips.
In short, the Finite Strips are a subset of the Finite Elements.

Using thick plate theory combined to smooth series, accurate tooth stiffness and bending stresses can
be obtained in a matter of seconds.

\Ab"|

Nodal line i j

Nodal line £, j

Node
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Graphic Display Functions

Meshing -> Finite Strips Child Window

Strips of width b and length (or height) a are parallel to the A-axis and connected by nodal lines; the
nodes are used to define the displacement function.

Neodal limes i, j
Mode

Straight bevel-gear tooth Spiral-bevel / Hvpoid gear tooth
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Graphic Display Functions

Meshing -> Finite Strips Child Window

The displacement function 6 of a strip is expressed as the sum of a series of / terms:

5:21“22:@1’,”61[,’”

m=l i=1 -

where @ is a combination of polynomial N, and series &, , ¢ and ¢ :

Ng, 0 0 =
o'= 0 Ng»¥ 0

1 m

0 0 Ng»

Artual
deformation

Using Mindlin’s plate theory, the mid-plane displacement vector of a strip 19 "éeane = "y

Assumed
deformation

é‘:[‘/‘;ﬁ gr’ gﬂ,]T

Momal to midplane
after deformation

The vector of nodal parameters of node i for the m” function is:

a; =[wf", or HZ]T

The Finite Strip stiffness matrix for functions m, n and nodal lines i, j is written as:

e =l ol aza
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Graphic Display Functions

Meshing -> Finite Strips Child Window

Finite Strips - Gear Demo1441.dat [Convex-IB]

3358.5[N] (7)

Finite Strips - Gear Demo1441.dat [Convex-IB] - Bending

Deformation - [mm]
004a
0045
004z

0038
0036
03z
0z
N0ze
nnzs
noza
nmz
4
001
NI
D00k
nom
=000
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Graphic Display Functions

Meshing -> Finite Strips Child Window

The figures below show the bending stresses in a Helical gear tooth, in two different contact positions

using the results of the Loaded Tooth Contact Analysis for applied load and extent of the Contact
Pattern.

Typical pre-processing and solution times < 0.3 sec. on standard 2.4 GHz computer. The Finite Strips
are therefore an excellent tool to design and optimize a geometry .

Finite Strips - Gear Demo1441.dat [Convex-IB] - Von Mises - Finite Strips - Gear Demo1441.dat [Convex-IB] - Von Mises -
[Mpa] [HPos : 40.0 %] [(A=7.45 psi/lb-in] [Mpa] [HPos : 40.0 %] [(A=7.45 psi/lb-in]
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lay Functions

C

Gra

Meshing -> Finite Strips Child Window

Bevel

(b) Straight

©
>
Q
4
M
B
o
N
~~
N
~

FEM models
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Graphic Display Functions

Meshing -> Finite Strips Child Window

1000.0[MN] (14)

(b) Straight-bevel

1000.0[N] (14)

(d) Spiral-bevel

FSM models
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Graphic Display Functions

Meshing -> Finite Strips Child Window

Deformation (mm)

0.002
0.0018
0.0016
0.0014
0.0012

0.001
0.0008
0.0006
0.0004
0.0002

Spur Gear

—— FEM-C
—a—FEM-T

1[——FSM

A

Radial Node

Deformation (mm)

Straight Bevel Gear

0.002

0.0018
0.0016 +

0.0014 -
0.0012 -

0.001 A
0.0008 -
0.0006 -
0.0004 -
0.0002 -

—— FEM-C
—8— FEM-T
—— FSM

Radial Node

Deformation (mm)

0.002
0.0018
0.0016
0.0014
0.0012

0.001
0.0008
0.0006
0.0004
0.0002

Face Gear

—— FEM-C
—8— FEM-T

4| ——FSM

7 9 1 13 15 17
Radial Node

Deformation (mm)

Spiral-Bevel Gear

|| -=—FEM-C

—a—FEM-T
—«— FSM

Radial Node
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Graphic Display Functions

Meshing -> Finite Strips Child Window

Straight Bevel Gear

Spur Gear
60
—8— FEM-C

50 + " —x— FSM
w
o
2
(%]
(7]
e
)

Radial Node
Face Gear
60
—8—FEM-C

50 4 & —x—FSM
& 40+ \
=
(2]
[}
g
»

Radial Node

©
o
£
(7]
7]
2
»

0 +—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—

12 3 4 5 6 7 8 910111213 14 15 16 17
Radial Node
Spiral-Bevel Gear
60
—=—FEM-C

50 T ——FSM
& 40+
£
» 30 %
n
2
n 20

s
10 T+
0 —tt

2 3 4 5 6 7 8 9 10 11 12
Radial Node
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Addendum 1: Beari

Reactions

15.4 [Ib]

346 [@‘]v/‘:----

7 7.8 [Ih]

447 [lk]

ezﬁ?a 2]
| |_|L|J

B
BO0 | 380
| :

|
500 260
_ _
| :
40— 140
4 =
a0 oz
| :
. ~
2001 100

ﬂ

=200 J

|
|

-300 _|

|
-40.0 j
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Rear pinion bearing

X : 200N Y : 250N Z: 80N

274 harmonic higher than 15t harmonic, high response at 730 Hz
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Addendum 1: 70% reduction in Bearing Reactions

Rear pinion bearing

X : 80N Y : 100N Z: 25N

M

1
)=

y m«ﬂ‘m}“ """

f||||‘||‘/‘||\f' | 7 = ? Hn'l\‘ma

Forces reduced to 30% of green cut due to optimization in TE.
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Addendum 2: Influence of Beari

Worst Case Scenario

—Contact Pattern / Contact Stresses

—Transmission Error

Stiff bearings and supports

Support stiffness = 50 k-Ibs/in

Stiffness

CA /LTCA

Support stiffness = 50 k-Ibs/in

Bearing Pattern LTCA - Gear
sagi02-275cutter-20Bias-Orive 36pc.dat [Convex-1B]
[MoEr] [Finishing] E=-0.003 P=0.003 G=0.003 [in] - ..

Bearing Pattern LTCA - Gear
sagdl?-275bcutter-20Bias-Drive 35pc.dat [Conwvex-1B]
[MoEr] [Finishing] E=-0.003 P=0.003 G=0.003 [in] - ..

Bearing Pattern LTCA - Gear
sag02-275cutter-20Bias-Drive 35pc.dat [Convex-1B]
[MaEr] [Finishing] E=-0.003 P=0.003 G=0.003 [in] - ...

-

-

151.8
1423
1328
1233
1138

104.3
94.8
85.4

759
EE.4

sagf02-275cutter-20Bias-Drive35pc.dat - Pinion
[Finishing] Concawve-0B Gear [Finishing] E=-0.003
P=0.003 G=0.003 [in]

sagdl2-275cutter-20Bias-Orive 35pc.dat - Finion
[Finishing] Concawe-0B Gear [Finishing] E=-0.003
P=0.003 G=0.003 [in]

sagdl2-275cutter-20Bias-Drive 35pc.dat - Finion
[Finishing] Concawe-08 Gear [Finishing] E=-0.003
P=0.003 G=0.003 [in] 10.0 [Ib-in] C.Ratio: 1.06 ...

!

-600 4

12004

AR e e e el :

B :

L
327 3.2 262 567 852 1145

-600 -

1200

B e -

11 N :
000
328 33 62 5R7 852 1147

€

24!1[!1 -60.0 4

‘IBD.D] -120.04

]

12005 -180.04

|

ED.EI.I -240.04

D.D]-SDD.D
328 33 262 BEY O BRZ2 1147

© Involute Simulation Softwares Inc. 2021




Addendum 3: Case ysis — FH Example

Gleason Summary provided by customer

Dimension Sheet

Data entered in HyGEARS

Tooth - Finion& Gear C218A-Test dat [Concawe-08]
[Finishing]

%] Existing Geometry Definition - [in] [dd.mm.ss] B |k Existing Geometry Definition - [in] [dd. mm. 5] X
General | Ma:hmel Neulra\Dalal General Machme Neutra\Dalal
Geometry Name 218-Tes| I Pinion I Gear
Directory ENWVEB hygear32 hachine IWEE LI IgggR LI
Geomety Type Fyeoid - MNumber of Teeth 10 41
Spiral Angl
Finion Tooth Hand Left - itAEE 515741 27 3758
Mounting Distance 354330 3.81233
Tooth Taper Uniform hd
PinionProcess | [GearProcess |
el e 537700 (" Fixed Setting (" Spread Blade
Depth Factar 3.9000 " Duplex Helical € Duplex Helical
Addencurn Factor 0.1700 " Modified Rall ® Farmate
Offset 150000 @ Face Hobbing € Heldorm TP
<«<Back | ext>> | Einish | Cancel | <<Hack | Next>> | Einigh | Cancel |
=
==
m Gear [Hypoid] [Finishing] C218-Test.dat - [in] [dd. mm.ss] ﬁ m Pinion [Hypoid] [Finishing] C218-Test.dat - [in] [dd. mm.ss]

Blank | Cutter | TopRem | Machmel O(ﬁerl Ogeratmgl B\meﬂtenall Bearings |

Misc

#Teeth |— Outer CD W
Diametral Pitch l— Pinion Offset l—
Toath [Blank

Tooth Hand l— Pitch Angle IW
Face Width IW Face Angle IW
Addendurm l— FootAngle W
Dedendurm l— P.Apexto Xp IW
Add. Angle l— F.Apextaxp IW
Ded. Angle l— R Apextn ¥p IW
Front Anijle IW Crown to < IW
Back Angle IW FCrown to Xp IW

Blank | Cutter | TopRem | Machinel Otherl Ogeratingl Rirn-hiaterial | Eearmgsl

[Misc
#Teath |— Outer CD W
Diametral Pitch l— Pinion Offset l—
Tooth [ Blank
Toath Hand et Pitch Angle [ezoron
Face Width W Face Angle W
Addendum l— Root Angle W
Dedendurn l— F.Apexto=p W
Add. Angle l— F.Apexto <p W
Ded. Angle l— RApexto Xp W
Frant Angle W Crown to Xp W
Back Angle W FCrown ta Xp W

Apply Ok

:

Cancel

Apply oK

£

Cancel

© Involute Simulation Softwares Inc. 2021




Addendum 3: Case Analysis — FH Example

Visually verify Pinion and Gear teeth for:

— Insufficient Topland
— Undercutting

Tooth - Gear C218A-Test.dat [Convex-1B] [Finishing]

Toath - Finian C218A-Test dat [Concawe-08]
Finishin

Tooth - Finion C218A-Test.dat [Concawe-0E]
[Finishing]

Tooth - Finion C218A-Test.dat [Convex-B]
[Finishing]

Tooth - Pinion C2184A-Test.dat [Conwvex-lE]
[Finishing]
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Addendum 3: Case Analysis — FH E le

Design, is analyzed for:
— Position/Alignment sensitivity

______
-

| Gear Run ouf |
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Addendum 3: Case Analysis — FH Example

HyGEARS %2 (c) (R)
E/P Grid (TCA) - C218A-Test dat - Gear [Finishing] Concave-0B - - §340.7 [Ib-in]

E: -0.0200 E: -0.07100 E: 0.0000 E: 0.0100 E: 0.0200

- -0_0200

L — S - .
- 0.0160 Hee Hee Hee Hee Hee
e ~— P U
~0.0120 H = H H a
00080 H H H H H
-0.0040 = = = = =

- -~ ®a* @
0. 0000 H H H H H

A ®_w Y W= S
0.0040 = = = = =

a N I _ S -
l]lﬂsl] H H H H H
nw Hee Hee Hee Hee Hee
W e T e T
e ]
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Addendum 3: Case Analysis — FH Example

HyGEARS V2 (c) (R)

E/P Grid - C218A-Test.dat - Gear [Finishing] Concave-OB - - 8340.7 [Ib-in]

E: -0.0200 E: 0.0000 E: 0.0200
P: -0.0200
#p3[uRad] wpi[uRad] wh3ukad]
[1] [ . 0 ____
\
-ano B T N L A N i -a00
|
-400 -400 H -400
\
|
500 -600 ! -600
|
500 oo ] , 500
| |
1000 1000 H -1000 H
— T t —T —T—T { — T —
000 B0 RO -100.0 0, -2, 200 £0.0 100.0 000 -60.0 -20.0 20,0 60, 100.0
B30 <= B3E] <=
P- 0.0000 t t t t t t k k ¥
WS[uRaodl wpi[uRad] I-#S[u]hai]
H
-200 200 SEO0 e e '
|
-400 -400 -400 H
|
|
500 -600 -600 :
| h
500 ; -500 wonl A A A :
| |
-1000 H 1000 -1000 H
—T— T —H t —
-100.0 g0 J-z00 an\: si.n nﬁn.n -100) 000 -B00 0 -30.0 .0 0.0 Ho0.0
830l < 83[] -
P: 0.0200 ' ' '
#p3[uRad] whi[uRad] wh3[ukad]
[1] [ [1]
-ang -a00 -0
-400 -400 -400
600 -600 -600
|
500 . -500 ; 500 :
| H H
-1000 H 000 H BLl] H
—T—T— —FT T | t — T ——
o000 -ep0 -goo 0.0 0.0 100.0 000 f 00 -0 20.0 0.0 100.0 000 -60.0 -a00 20.0 £0.0 100.0
B3] <= B3] < B3[] <
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Addendum 3: Case Analysis — FH Example

-

i E/P Grid - [in] - [lb-in]

X

HyGEARS Y2 (c) (R)

Grid (LTCA) 8340.73 [Ib-in] - Hertz Stress [Ksi] - C218A-Test.dat - Gear [Finishing] Concave-0B -

[v E:(Pinion wer 0.0185
E: -0.0185 E: 0.0000 E: 0.0185
[v P {Pinion Har) -0.011
[ G (GearHon 0.0000 0 350.0 3155 3256
3231 2955 3052
M slizii g — 22 e 24
[ Misalignment 0.0000 Sens Hea B
[ Pinion Runout 0.0000 ?::ED; Efs: am ?555
[ Gear Runout 0.0000 534 1350 B 13
[ Pinion Radial 0.0000 e s s
656 a2 B1.0
Gear Radial 0.0o00 s ) X
ll: par Radia by o 205

a47.2 a53.7

1]

5296 3450 sana

3090 354 3065
. 2654 2019 2865
|_ Renderlng |_ 2615 280.3 265.9
2454

[ Print Grid [v Display Grid _ z26.6 _ a2 2250
= 206.0 o 2156 s e and s

= 1354 e 1941 == 1541

"—"""'fﬁ_.-:s-___ 145 %‘ . 1725 %ﬁ* 1636

144z 15009 143z

Apply ‘ OK ‘ Cancel ‘ Heel  jaze Heel  yzqq Heel  yzay
030 1075 1023

524 a6.2 w5

615 647 Eld

4z a1 409

206 26 205

P OO
0.7 3854 3248

3475 336.0 3045
3243 HiE 2542
sz 2z 2659
80 2655 2456
2545 au6.4 2855
2310 — 224.0 e e 205.0

2055 2016 ‘;‘%’fjﬁ;— a1

165, 9.3 e 1624

1622 1565 1421

1390 134.4 Heel 1213

1155 a0 1015

az7 506 a2

695 1.2 &0.9

4653 143 405

sz 224 205

e e e
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Addendum 3: Case Analysis — FH Example

. E/P Grid - [in] - [Ib-in]

[ E:(Pinion Wer
[ P (Pinion Har)
[ G:(GearHor)
[ Shaft Angle

[ Misalignment
[ Finion Runaut
| Gear Runout
[ Finion Radial
[ Gear Radial

[ Rendering [

HyGEARS ¥2 (c) (R}

0.0000
0.00a0 [Ib-in}:0.00 .
[Ib-in]-2780.24 .
|[|_[|D[|D .00 [b-in]:5560.49
a1
0.00a0 e 2514
15.4 235.7 2907
0.00a0 1 2300 2928
158 2045 2544
0.0000 12 125 20
0000 “ & 1521 —— 1999
) 0.5 141.4 ""-"" 1517
¥ 1557 e — 1635
n.0000 Heel T3 Ney Moo e 145.4
66 &8 943 Moy 1212
0.0000 53 8.6 el a0
g 3.9 6249 0.3
25 a1 27
: 8340.73 13 314 545
39012 1.7 36.3
1534 2650
™ Print Grid ma 2466 340
AT Larl v i 2 1590 23041 2951
v Display Grid 1467 3.7 5.4
- 134.5 1975 2587
2 1323 . 1805 2360
Apply ‘ Ok ‘ C ‘ 0.0 = = 164.4 a16.4
= L= ancel s &0 e 196.7
L= X . e '-'__.‘—-.-_‘r'-,.. A
e 5% 15 = N
611 986 e B
459 a2.2 e 118.0
367 655 8.4
245 493 %7
= 122 329 sa.0
[Ib-in]- 2780.24 rer 16.4 393
2357 2007
2200 aras 3335
a4 2544 3023
158.6 2362 a2z
. mas 215.0 akan
2 w71 — 1999 2418
14 e e 1817 — a7
= Sl == =y
Rt 132 —— ===
s el s R
529 0.5 eel  rang
471 [E 1005
314 545 306
157 3.3 605
TrT 132 40,3
ana
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Addendum 3: Case Analysis — FH Example

Design, 1s analyzed for:

— Worst case scenario

Graphics Summary - C218A.dat

53

Blank | TCA Graphs | LTCA Graphs| Grids WC-Drive | wi-Coast] E_] -0.01]

E (Finion Yertical) [in] 0.0185
F (Finion Harizantal) [in] -0.011
G (Gear Haorizontal) [in] p.044

Shaft Angle [deg] 0.00
Alignment [deg] 0.00
Finion Radial [in] 0.000
Gear Radial [in] 0.000

[v TCA
[v LTCA

Apply |

| Cance

|

| Sig 0.00°

Radl 0.000
G 0.044
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Addendum 3: Case Analysis — FH Example

Worst Case Scenario
— Contact Pattern / Contact Stresses
— Transmission Error

C218A-Test.dat - Finion [Finishing] Conwvex-B Gear [Finishing] E=0.019
F=-0.011 G=0.044 [in] B:0.068 [in] 8340.7 [lb-in] C.Ratio: 3.02
[BoarkMestinghouse/AGKA]

S ot oA s

Bearing Fattern LTCA - Gear C218A-Test dat [Concave-0B] [NokEr]
[Finishing] E=0.019 F=-0.011 G=0.044 [in] B:0.068 [in] - §340.7
[lb-in][FoarkfMestinghouse] - Hertz Stress [Kai]

L a14.1
T | 294 4
3004 BIZIIZIEI_E 500 B PP PO A WO W 274.8
' : ! 2h5.2
S ] 2955
2600 G000 - -1zun_| 215.9
| : 196.3
I S 176.7
14n_n_i amnnq; -13001 -'|BDD_J'_E-'--_:".:;'.__:lel?'____zl:____zl:___i Heel 1570
_ 2 | hat \ \ 1374
! : 1 r r LY nia
200 2nnnq; 2400 240037 i R 981
4 | . L 785
awo) ol swo) sl 55.3
964 E03 -242 120 481 842 39.3

gar] < 19.6

o
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Addendum 3: Case Analysis — FH Example

Worst Case Scenario: Check for Fillet Interference
E=0.0185 P=-0.011 G=0.044 Sigma= 0.00 Align=0.00°

Path of Contact - Finion& Gear C2184-Test dat [Comvex-1B]
[Limi] [MaEr] [Finishing] E=0.019 P=-0.011 G=0.044 [in] B:0.063
[in]

8

Path of Cantact - Finion& Gear C218A-Test dat [Comvex-1B]
[Limi] [MoEr] [Finishing] E=0.019 P=-0.011 G=0.044 [in] B:0.068

Path of Contact - Pinion& Gear C2184-Test.dat [Comvex-1B]
[Limi] [MaEr] [Finishing] E=0.019 P=-0.011 G=0.044 [in] B:0.068

Path of Contact - Pinion& Gear C2184A-Test.dat [Convex-1B]
[Limi] [MaEr] [Finishing] E=0.019 P=-0.011 G=0.044 [in] B:0.068
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Addendum 3: Case Analysis — FH Example

Worst Case Scenario: Pinion fillet stresses

HyGEARS ¥2 (c) (R)
Finite Strips Grid - C218A.dat - Pinion [Finishing] Convex-IB - Von Mises - [Ksi]
8340.7 [Ib-in] -E: 0.0185-P: -0.0110 - G: 0.0440 - [in]
a1 15.9 2300
E0.7 1025 1564
mI SE.S 1529
A5 mr a3
49.4 47 5.7
389 381 757400 (1) 2z
285 326 K 15.6
1755 3] (3 8.0 5428.00Th] (3] 66 M 150
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Addendum 3: Case Analysis — FH Example

Worst Case Scenario: Gear fillet stresses
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Addendum 4: Lapping Prediction

Abrasive rate of wear 1s proportional to:

= L Sliding distance

. WL

= W Load F,==k ?

= H Hardness

Calculated CP before lapping After lapping
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Addendum 4: Lapping Prediction / 2

Experimental wear coefficients 11x41:

Table 3_Calculated wear coefficients using the error surface in the contact pattern.

Gear Set | A7 (um) | K (um) ke ke ki o k
P1G1 174 97 0.901 0.940 0.997 1.025 0.967
P22 15.6 8.8 0.896 0.908 1.033 0.998 0.959

Table 4_Calculated wear coefficients neglecting the error surface in the contact pattern.

Gear Set | /27 (wm) | K (um) o L od i Lo k.
P1G1 174 97 0.912 0.967 0.912 0.967 0.939
P22 15.6 8.8 0.898 0.909 0.898 0.909 0.903
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Addendum 4: Lapping Prediction / 3

Experimental wear coefficients 12x41:

Table 5. Lapping parameters used for wear coefficient determination - 12x41 gear set.
Torque " RPM 1500 RPM 2000 FPM 2500 FPM
3 N-m Gear set A Gear set B Gear set C
10 N-m Gear set D (Gear set E (Gear set F
Table 6 _Calculated wear coefficients for gear sets ABCDEF.
Gear Set Reference k
Pmion Gear Average
Before lapping 0.877 0.722 0.801
PA-GA After lapping 1.066 1.037 1.053
Average 0.930
Before lapping 0.804 1.260 1.039
PB-GB After lapping 1.153 1.404 1.273
Average 1183
Before lapping 0.871 0.823 0.846
PC-GC After lapping 1.153 1.134 1.143
Average 1018
Before lapping 0.721 0.683 0.702
PD-GD After lapping 0.919 0.947 0.933
Average 0.843
Before lapping 0.925 735 0.826
PE-GE After lapping 1.266 1.120 1.197
Average 1032
Before lapping 0.716 0.746 0.732
PF-GF After lapping 1.186 1.274 1.230
Average 0.949
Average 0.008
AtoF )
Average 1026
ABCEF )
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Addendum 4: Lapping Prediction / 4

Prediction and measured ...
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AN

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 machine settings for all HyGEARS supported
geometries are calculated and a Summary is created,

Geometries can be imported from Gleason SPA and KIMoS ND files;
Spiral bevel cutting processes such as Face Milling and Face Hobbing are integral to HyGEARS;,
Geometries 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 HYGEARS;

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

Part program generation is based on 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 and Fanuc;

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

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

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

12. Cutting Cycles include Slot by Slot and Flank by Flank, both for tooth flank and fillet; 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;

15. Toe and Heel clearances allow smooth tool entry and exit,
16. “Stock” allowance is available for roughing and finishing,

17. A “Roughing mode” moves the selected tool in the center of the gap to quickly remove as much
material as possible;

18. “Operations”, including all user selections for a given task, may be saved for later re-use;

19. Closed Loop, also called Corrective Machine Settings, is integral to HyGEARS and allows the
seamless manufacture of gears to the required tolerances.
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