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HyGEARS update -29 November 2017 - Build 405.90 - 462

1) In 5Axis, the 5Axis CnC window is not imposed to be in front of the Graphic Parent window anymore, and
2 icons appear in the Tool Bar: one for HyGEARS itself, the other for the 5Axis CnC window. Therefore, the
5Axis CnC window can sit anywhere on the screen. If the 5Axis CnC window is hidden by the Graphic Parent
window, it can be accessed through the icon on the Windows tool bar.

2) In 5Axis, all Tool definitions now include entry fields for Tool ID and TLU ID. The Tool ID and TLU ID are
fields used in the Operation to inform the controller of the tool used.

<" [5Ais CnC - Pinion [Finishing] 6x37 Spiral-T5mmPFwidth.HyG - [mm] ==
| Machine,/ Tool | Cycle | Cycling Time I Arbor I End Mil || Operation | Process I Stock |
ion
Nayne  Test -
ID 6001 Intemal Subroutine
| Save | [Delete | [ Import | [ STEP | [ Output |
\
Tool
ToolID 2 ] o ] o 0
TLWWID 20 0 o 0 ] 0
Gap# 1 0 0 0 o ]
Coolant On Coolant On Code  MO7
Coolant Off Code M08
SR Spindie RPM  1200.0
[ Spindle CCW
[ Retum Trip
# Steps 1
Feeds [mm/min]
Rapid Maove 1500.0
Flunge 500.0
Cutting IE Toe->Heel IB Heel-=Toe OB Toe->Heel OB Heel->Toe
500.0 500.0 500.0 500.0
[ouput |[ Appty |[ ++ ][ Anm |[ ok ][ Cancel |

3) In 5Axis, Chamfer Tool Side / Toe / Heel, HyGEARS now detects if a Chamfering End Mill tool is used. A




Chamfering End Mill tool [Cone Tool for short] is an End Mill with a 45° to 90 ° cone angle at the tip, as
shown below.

The Cone Tool is described as a usual End Mill, except that the Diameter is expected to be nearly zero (0.050
mm, figure below), the Edge Radius is zero, and the Cone Angle ranges from 45° to 90°.

Whenever a Cone Tool is detected, in the Chamfer Toe / Chamfer Heel cycles, HyGEARS offers a different set
of entry fields, as follows:

e Depth: depth to which the chamfer is to be cut;
e S.length: distance along the edge of the Cone Tool;
e PivotA.: angle to pivot the Cone Tool out of the gap (+ value) or into the gap (- value);




S. Length f Depth

™

Pivot A.

\

4) In 5Axis, Chamfer Toe / Chamfer Heel, HyGEARS offers Stock for both Fillet and Flank, such that the

location of the tool can account for the fact that, for example, the Flank may have a +Stock, while the Fillet
has a protuberance, and thus —Stock.

In addition, the Start step is now imposed as 0.

Finally, when the Output button is clicked, the starting tooth flank is based on the CW or CCW spindle
rotation as defined in the Operation tab.




" 5Axis CnC - Pinion [Finishing] 6:37 Spiral-75SmmFwidth.HyG - [mm]

Machine/Toal | Cycle |Cyc|ing Time | Arbar I End Mil I Operation I Process | Stock |

Qutput Format

Use Actual Tooth

|| CSV Format

[ Line Numbers

Include Operation Switches
Include Short Header
Include Start Posttions
[ Explicit Indexing

[] Mo Commerts

[ Coordinates Only

[] Work Coordinates

Stock-Feed

Reqd. Sugg. Actual

# Steps n <‘Start 0 [[] Steps

11
Retract Factor 40

oo = S Filet Stock 0000
{ Flark Stock 0000

| Indexing Sequence
Skip# 1 Start Gap

End 1 [ Tat.Pts

1

Mimar [T EndGap ¢

Cutting Cycle
© Slot by Slot
(©) Flank by Fank _
@
() Fillet-Root 10.00
() Tooth Flank 0.000
) Combined
(" (O Chamfer Tool Side Degth 05
(Z) Chamfer Tool End
© CromferTos |5l 2500
~) Chamfer Heel Fivot A 50

[outout | Aoty §[ =+ [ Anm [ ok ][ Cancel |

5) In 5Axis, Tip Chamfer, Tool Side, is now allowed with a CoSIMT.

6) In 5Axis, Process tab, addition of the No Comments switch, which allows imposing or disabling comments
globally to all the Operations of a given Process, without having to edit each individual Operation.

Also, the Output button has been moved such as to stand out and be more visible.




4" 5Axis CnC - Gear [Finishing] 41x41 SpurVeloid 3.5Cutt 18.30B 21.71B 7Shaft.HyG - [mm]

()

| Machine/ Toal | Cycle I Cycling Time I Arbor I Face Mil | Operation | Process |

Processes
MName  test test )
ID#: 001 Intemal Subroutine

[ Save ] [Delete ] [ Import ] [ Summ ] [Output ] [C] Mo Comments

J
D

Available Operations Process Content
H1-0pl | |Test

#2-0p2 | | Test1

#3-0p3

61-CSlat CoSIMT

62-Fank Semifin Co5IMT
63-Fank Fin CoSIMT

64-CSlot Fillet EM

65-FinFilst EM

Deburr Cone

Deburr Toe

Gear

Firion

Pinion-Fryer

SpurG

Spurs 3.5 075ept2017

SpurG 3.5 24Aug17

SpurG 3.5 29Aug17ConG
Spurs 3.5 298ug17-ComG [Ful]
SpurG 3.5 ConG

SpurG 3.5"

SpurP

SpurP 3.5 - 24Aug17

SpurP 3.5 - 28Aug17-CorP 52

m

[output |[ Aoty |[ =+ |[ anm |[ ok ][ Cancel |

7) In 5Axis, Process tab, the Summ button now prints out the Process Summary in column form rather than
the original linear form. This allows addition of more info, and makes for easier consultation of each step.

4« Summary - CnC Process Z109 RH CoSIMT Fillet = e |
File  Edit

'PRCCESS: Z109 RH CoSIMI Fillet - Pinion @ 23x109 Helical-TIF-A.HyG [mm] & V4

Seq# 1 2 3 4 5 (3 :

OpID 92 e3 a5 24 97 a8

OpName 92-Rough Flank CSlot [1-2 93-Rough Flank CSlot [4-5 95-Finish Right [0-11/11] 94-Finish Left [0-11/11] 97-Fillet Left-CoSIMT Fin 98-Fillet Right-CoSIMT Fi

Machine Mori NT4250 / Cl [B-] Mori NT4250 / €1 [B-] Mori NT4250 / Cl [B+] Mori NT4250 / Cl [B+] Mori NT4250 / C1 [B-] Mori NT4250 / €1 [B-]

Target Flank Flank Flank Flank Fillet Fillet

Tool CoSIMT CoSIMT CoSIMT CoSIMT CoSIMT

DLen +0.3404 +0.3404 -0.3404

ToolName 5-327.2FF3.A 5-327.2FF3.A 5-327.2FF2.A

ToolID 1031 1031 1029

\ApxLoc -13.2500 -13.2500 -13.2500

#5teps 11 7 7

Start 4 1) 1 1

End 5 11 [ &

ToeClr 15.000 15.000 15.000 15.000

HeelClr 5.000 5.000 5.000 5.000

Stock -0.020 -0.020

Time['] 2.2 2.0 10.5 10.7 5.4 5.3

Est.Time 0.60 H

< I r

8) In 5Axis, Machine/Tool tab, it is now possible to selectively display the machine’s Turn Table on which the
work piece and its supporting arbor are installed.




4" 5Axis CnC - Pinion [Finishing] 23x109 Helical-TIF-AHyG - [mm] (3w

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

Machine Selection Cutting Tool
© 3 Ads CnC
) 4 Ais CnC
i 1 5 Auds CnC "B-C" [Type M] CoSIMT | [ Invert Abar Cutside Blade
() 5 Auis CnC "AL" [Type P] Inside Blade
*) 5 s CnC "A-B" [Type P] [ End Mil
() 5 Aois CnC "B-A" [Type T]
@ Specific Machine (] Ball il
Mori NT4250 7 C1 [B] -
[T] Probe [CMM]
[ New |[ Edt |[Delete |[ st |
Compensation Display
Apex Location 602500 || Display Machine Head

Alignment Angle 0.0000

|| Display Target Grid
Display Tool Path
[ Display Section
Lock on Tool

@ Tool Certer Poirt [TCP]
(7)1 Absolute
() Differertial

[ Workpiece is Fixed

[output |[ Apaty |[ <~ [ Aom [ ok ][ Cancel |

The Turn Table dimensions are defined in the machine’s data, Controller-Machine Head tab:

" CnC SAxis Machine Definition ===
Mach, Defintion | Mach, Preamble |; Cortroller-fachine Head ;|
Controller [ Bxtemal Subs
Cortroller Fanuc -
Lead spaces
Linear Decimals 3 Blank Lines [ Feed String on Single Line
Angle Decimals 3 [7] UpperCase  [] Impose Compensation
Macro Start #  5gq Slot Counter  [C] Universal Work Coords
Fam Start # 6001 Main Program Prefe 00 Coolart On Code 3
Sub Program Prefix 00 Coolart OF Code
Fam Start Char Main Pgm File Ext Dwell Code
Pgm End Char Sub Pgm File Bxt T Table Index Code G52
1at Codeline Prefic Spindle CW M3 Subroutine End M39
Spindle CCW M4 Program End M30
Subrovtine Cal
Machine Head Machine Limits
Length Diameter  Square Minimum Maximum
1000000 2200000 [0 XCoordinate  -100.00 600.00
0.0000 0.0000 B Y Coordinate  -105.00 105.00
0.0000 0.0000 B ZCoordinate  -100.00 600.00
0.0000 0.0000 B Tum Table tit 95,00 95.00
0.0000 0.0000 &} Tool Head it -95.00 95.00
Tum Table )
10.0000 200.0000 J
\
Apply 0K || Cancel

9) In 5Axis, when animating (Anim button) or single stepping (+/- button) an Operation HyGEARS now checks
the min and max X Y Z A B values and outputs a balloon in the lower right corner of the screen if any of these
exceeds the machine limits.




For this warning to be displayed, the machine’s limits must have been defined by editing the desired
machine and entering the values in the Controller-Machine Head tab, Machine Limits section, as shown
below.

" CnC SAxis Machine Definition ===
Mach. Defintion | Mach. Preambls |; Cortroleraching Head ;|
Cg;ll—ﬁr;lll‘: E [] Extemal Subs
anue M Lead spaces
Linear Decimals 3 Blank Lines  [] Feed String on Single Line
Angle Decimals 3 [] UpperCase [ Impose Compensation
Macro Stat # 567 Slot Courter ] Universal Work Coords
Pgm Start # &001 Main Program Prefic 00 Cooclant On Code 2
Sub Program Prefic QO Coolant Off Code 9
Pam Start Char Main Pgm File Ex. Cwell Code
Pgm End Char Sub Pgm File Bxt T Table Index Cods G52
Tst Codeline Prefix Spindle CW M3 Subrovtine End M39
Spindle CCW M4 Program End M30
Subroutine Call
Machine Head
Length Diameter  Square Minimum Maximum
100.0000 220.0000 = X Coordinate  -100.00 600.00 P
0.0000 0.0000 = Y Coordinate  -105.00 105.00 -«
0.0000 0.0000 & ZCoordinate  -100.00 600.00
0.0000 0.0000 = Tum Table tit -35.00 95.00
0.0000 0.0000 ] Tool Head it 95,00 95,00 953,
Tum Table
10.0000 200.0000

Since HyGEARS is distributed with the master Machine definition file, each time HyGEARS is installed, the
current Machine file is updated and therefore, any machine limits entered by a user should be transferred to
Involute Inc. in order to maintain the master Machine file.




10) In 5Axis, for Coniflex gears cut with a Coniflex Dish type cutter, the tool can now be withdrawn to either the
Work Apex or along the Tool Axis.

For example, in AC type machines, retracting to the Work Apex is usually not an issue because of a large volume;
this is not so in a Gleason Phoenix machine where travel along the work piece is limited, and then withdrawing
along the Tool Axis becomes compulsory. This has limited effect on cycle time, and is usually based on what the
machine can allow.

11) In 5Axis, the Non Gen Plunge cutting cycle (Face Mill cutter), the Retract Factor now relates to tooth depth at
Heel rather than at mid-face.

12) In 5Axis, HyGEARS now estimates the Torque and Power required for a cutting operation. This is subdivided in 2
data pages:

Operation page: Next to the Spindle RPM, tool cutting data is given; when the Spindle RPM or Cutting
Feed is modifed, Vc and fz are updated (fz is based on the largest of the enabled Cutting
Feeds).

e Vc: cutting speed, i.e. tangential speed at the tool OD;
e fz. feed/ tooth, i.e. size of the cutting bite / tool blade or flute;

e ge: working engagement, i.e. shape of the cut; may be disabled and replaced by "N/A"
when Not Applicable, for for Face Mill tools;




e Kc: material constant; see tables in the documentation
(https://www.sandvik.coromant.com/en-
us/knowledge/milling/formulas_and_definitions/formulas).

Switches
Coolant On

[ Retum Trip
H Steps 11

Cycling Time page:  the estimated average spindle Torque and Power is displayed below the cycling time.

Coolant On Code
Coolant Off Code

Spindle CW Soindle RPM
indle
[ Spindle CCW >

160

ae: |N/A fim]

Cutting torque and power are based on the relations provided by Sandvik.

13) For Spur/Helical gears, in the Geometry Summary Editor (Pin / Gea function buttons), the X Factor (i.e. the
Profile Shift factor) can now be edited. This allows adjusting the X Factor to reach a target tooth thickness.

" Pinion [Ext. Spur-Helical] [Finishing][Nominal] Test-1-Ext.hyg - [mm] [dd.mm... (523

| Blank |Curter |CLI‘HET Edge |Machlﬂ31 Cther |ODE|EI1Iﬂg | Rim-Material | Bearings | A4

Oper C Distance

1524000

2 il @ [mm]

X Factor

05273

]4_

Generating Pitch Dia
Tool Center Distance
Tooth Crowning
Crowning Type
Crowning Order

Distance to Edge

80.350873

57.2784%7
0.000000
Specified
2

8.7500

e

Cancsl




In addition, whenever the Minor Diameter (i.e Root Diameter) or Major Diameter (i.e. Outside Diameter) is
changed and the Apply button is clicked, the cutting blades are adjusted in order to produce the required
diameters.

" Pinion [Ext. Spur-Helical] [Finishing][Nominal] Test-1-Ext.hyg - [mm] [dd.mm... (w23
B\ank|E.|_rt'ter |['.|_rl'ter Edge | Machine | Other |Ope|aﬁng | Rim-Material | Bearings | Al |»
Pinion [Finishing] - Ext. Spur-Helical Dl © fmm]

Misc
# Teeth 40 Pitch Diameter
Module 1.94000
Fart &
Tooth Blanik
Tooth Hand Left Minor Diameter 76.1884 ] <
<
Face Width 35.0000 Major Diameter 86.7774
Addendum Factor 11187 Addendum 3.1933
Dedendum Factor 17710 Dedendum 21013
Filet Factor 0.2500
Frort Angle 0.0000
Back Angle 0.0000
[ Apply H oK ‘ Cancel

14) For Face gears (gear member only), the Fc.Xp, C.Xp and MD values are now displayed in the Blank Child
window. These are used to locate the pinion axis of rotation in reference to the Face Gear.

15) In Corr-RE display mode, addition of the “ThStk” function button. This is used to enter the desired Stock
used to define the CMM Nominal target (CMM display mode).

For example, suppose the CMM Nominal target has been defined with +0.025 mm stock on each flank, since the
targeted cut is roughing. When measuring, the requested stock will be accounted for. However, when importing
the CMM output into HyGEARS, the CMM output is always compared to the nominal tooth, i.e. without any
stock.




Stock

- [

| Comparison error | | NO comparison error

An error will therefore appear in the comparison because of the difference in stock between the nominal and
actual teeth, as is shown, left figure above. If the Stock used in defining the CMM Nominal is entered, as in the
right figure above, then no error is generated. The Stock value is also shown in the display — right figure above.

16) In the Graphic Summary selection window, GSum function button, it is now possible to define whether the
Roughing machine settings are outputted or not. By default, this option is unselected.

17) In ISO-10300, load cycles can now be entered such as to estimate the cumulative damage caused by contact
and bending stresses.

Load cycles are entered as a series of pinion Torque, pinion RPM and # Hours runtime. Up to 20 values can be
entered.




“M 15010300 - s15-51a.hyg [mm] [deq] @
Torque [Mm] RPM H Hours Torque [Mm] RPM H Hours

#1 70 1000.00 200 #11 000 0.00 0.00
#2200 1500 25 #12 000 0.00 0.00
H3 10 2000 15 H#13 000 0.00 0.00
H4 0.00 0.00 0.00 #14 000 0.00 0.00
#5 0.00 0.00 0.00 #15 000 0.00 0.00
HE 0.00 0.00 0.00 H16 000 0.00 0.00
#7 0.00 0.00 0.00 #17 000 0.00 0.00
HE 0.00 0.00 0.00 #13 000 0.00 0.00
f=4:] 0.00 0.00 0.00 #19 000 0.00 0.00
#10 000 0.00 0.00 #20 000 0.00 0.00

[ Import ” Clear ]| Apply 0K ] [ Cancel ]

Output gives the results for each load cycle, and the cumulative Contact and Bending damage at the end of the
document.

s15-5lahyve |

Spiral-Bevel / ISO-10300:2014 (Method B1)
Duplex Helical Pinion
Spread Blade Gear

OUTPUT - Contact PINION GZaR

vd

OUTPUT - Bending FINTON GEAR

SURFACE DUREEILITY

[Zone of action for g

TOOTH ROOT STREMETH

[Zome of acrion for tooth zost strengrh]

PINION GZER

EN cencre, Tin [mm] -
0. centze, Middle [oa] :
-3ld centre, Roos [mm]
z line [ma]
] (]
centact line, Roct z [ma]
1.
comtact line, Tip B. 2]
comtacet line, Middle &3 2]
centact line, Root 8 i2]
Transyerse load factor 1
Face load facer 1
Mid-zone factor 0.
Load sharing factor 0
B, : 1.
[Sqrs (W/am2)] : 7.
: 4 1.
z 1
& 1
< [mm] o
0 [mn] 2
1 [mm] 12
& [mm] o
0 [mm] 1
z.
Iifs factor o
RESTLTS - 13010300 BINTOH GEAR

= te LTCA [MPa] :

oy Eactor
Pitting damage

Tezgue §2 L
=] :

te LTCA MEa] :

Pitsing damage

N

=ible tooth root strass
facter for bending stzess
ng damage

rost stzess
= bending stzess

_— Am s mu..u,-un_zm

Ragsstered Tradanesks of The Gissson Works, Rockester, Y. USA

HyGEARS VA0(C) | 0/772017-2:33:36PM | ISO[0]s15-31apdf | |

Prge=d

sI55Tahvg |

Spiral-Bevel / ISO-10300:2014 (Method B1)
Duplex Helical Pinion
Spread Blade Gear

L~

OUTPUT - Contact

=INTON cERm

OUTPUT - Bending

EINION cEam

e LICA DMFa]

L2188

Safesy factez
Bitting damage

0.1016

Sum Pitting damage

138
357 1
ble stzess nusbes 134 1
ible toash zast srzess 314 7
factor for bemding stzess [
ng damage H
10000537

Sum Bending damage




18) If the Network option has been purchased, and a user attempts to run HyGEARS, a message notifying the
user that no license is available is displayed when all licenses are currently used; the IP address of the last user

to log into HYGEARS is also displayed, such that one can ping this user to check for how long he will be busy with
HyGEARS.

192.171.1.68

19) When developing Cyclo-Palloid gear sets (BPat function button), the cutting cycle is now seen as a semi-completing
process and therefore, machine settings for both the IB and OB flanks are available. This also means that the Vertical
Position of the Bearing Pattern on each tooth flank can be controlled individually.

ﬁ" Pinion [Spiral-Bevel] [Finishing][Mominal] 66809943400 11:47_m6, 4806 hyg - [... @

‘ Blank | Cutter | Machine | Hi Order | Other | Operating | Rim-Material | Bearings |.F\rbu| LN 2

4w B.Pattern Development - Gear Convex-IB @
Cutting Machine - 5 il @ [mm] BP Defintion | D-MSett fmm] | LTCA [ E/F | Prop. | Links |
fConcave-OE Convex-1B \ lean Point / Convex-|B Mean Poirt / Concave-OB
Radial Distance 184.72866 18272495 Horizontal Position 522 % Horizontal Postion 525
Cutter Tilt 0.0000 0.0000 Wertical Postion 50.0 % Vertical Position 500
Swivel Angle 0.0000 0.0000
Diff. in Radius // Convex-IB Diff. in Radius / Concave-OB
Offset 0.00000 0.00000
@) Free @) Free
Machine Root Angle 131726 13.1726 T Feeed 30000 [mm] _Fxed 30000  [mm]
Machine Center To Back 0.00000 0.00000
Sicing Base T 536527 Profile Crowning / Pinion Profile Crowning / Gear
@ Free @ Free
Rate of Roll 4390069 4.350069 ) Fixed  0.0400  [mm] T Fixed 00450  [mm]
Cradle Angle K 50.22%6 48 4454 J
Backlash
~ Free
@ Fed  0.161 [mm]
[ Apply I I OK I Cancel Apply [ Resst ” Prirt ” 0K ” Cancel ]

20) When using the File -> Save As command to save an existing gear set under a new name or in a different folder,
HyGEARS checks to see if the geometry is saved in a different folder and, if so, HyGEARS copies the Operations.fil and
Processes.fil files from the origin folder to the destination folder.

21) Improvement in the stability of the RemT function (Remove Tilt) where cutter tilt is replaced by a combination of
Ratio of Roll and Helical Motion in generated gear sets.

22) Addition of the DXF function button [optional] to the Geometry display mode. The DXF function exports the different
aspects of the tooth of the selected member:




e the Tooth Section,
e the Gap Section,
e the 3D Tooth Model (with 1 to Z teeth).

The Tooth and Gap sections can be obtained:

e atToe,
e at Mid Facewidth,
e at Heel.

Furthermore, the Tooth and Gap sections can be obtained:

e Inthe Transverse plane, with the axial coordinate Z=0,
e Inthe Transverse plane, with the actual axial coordinate Z,
e Inthe Normal plane.

23) Addition of Tip Chamfer to the Blank definition. The Tip Chamfer value is assumed to bisect the tooth flank and
topland in equal parts to the given depth. It is used solely for kinematic purposes, i.e. to determine how large the
chamfer should be in order to prevent tip to fillet interference, and therefore has no connection with any Operation in

5Axis mode.




\

24) When creating a New Geometry, the various gear types offered in HyGEARS are now displayed in an alphabetically

sorted list.
1;" MNew Geometry Definition - [rmm] [dd.mm.ss] @
General | Cutter | Units
Names ...
Geometry Name Test-1-Spiral-Bevel
Directory EMWEBN
Geometry Source File SpirBevl Ist D
Types ...
Geometry Type /- iral-Bevel \
Material Beveloid
sna Coniflex
Finion Tooth Hand CurFace
Tooth Taper g;:&ﬂlidlcal
Face Gear
Misc .. ::{;ﬁngbone <
0i
Power [Kw] / Torque [N-m] Int. Spur-Helical
Pini Involute Spline
e Speed (P
Mumber of Teeth [ Pinion - Gear ] Spurved
Moduie,/Fitch Diameter Stralgftt Bevel (Generated)
Worm Gear
Gear Tooth Face Width Zerol
Shaft Angle
Depth Factor (Gear) 3530 FERIES
Addendum Factor (Gear) 0103 o Gl
Clearance Factor 0125 © 150
[ Import ] [ Mext>> ] l Cancel I

25) When creating a new Face Gear geometry, the desired Backlash is now offered as an input field, as shown below.




ﬁ;‘ Mew Geometry Definition - [mm] [dd.mm.ss] @

Names ...
Geometry Name Test-25-Face Gear
Directary ENVEN
Geometry Source File Facegearlst D

Types ...
Geometry Type Face Gear -
Materal AlS1 4140 -
Pinion Tooth Hand Left -

Misc ...
Power [Kw] / Torgue [N-m] 375.00 223709
Pinion Speed (RPM) 1600.00
Number of Teeth [ Pinion - Gear ] 17 28
Module/Fitch Diameter 10.000000 4 2799559
Gear Tooth Face Width 42 500
PinionCifiget Y

[ Backlash 0.2500 l

[ Import ] [Next)) ” Cancel I

If the entered Backlash is less or equal to zero, HyGEARS will use as is the given XFactor (i.e. Profile Shift factor) for
the Gear member. If the entered Backlash is greater than zero, then HyGEARS will adjust the XFactor for the Gear
member to reach the desired Backlash.

26) In the Corr-RE display mode, addition of the “Exprt” function button to the Pinion and Gear groups.

The “Exprt” button calls the CMM Nominal Format window, figure below, where one can select the format in which
the currently loaded CMM file will be exported (can be a Nominal or an actual CMM output file).




This means than the coordinates of the currently loaded CMM file will be exported in the selected format (GAGE is
selected in the figure above), whatever the format the CMM coordinates came in. Since the tooth flank normal
vector at each point of the original CMM file are not conserved - often, they simply are not given in a CMM output
file - HYyGEARS will provide normal vector values based on the machine settings of the digitized tooth, Pinion or Gear.
Therefore, slight differences in normal vector components can be expected if there is a significant difference
between the digitized tooth and the CMM data. In practice, the noted differences in normal vector components are
at the 2™ or 3" decimal, and are therefore rather insignificant in effect.

27) Addition of the VH>> function to the TCA mode.




The VH>> function is used during Bearing Pattern Development to convert actual E, P and G V-H Settings into
machine settings changes used to produce the desired Bearing Pattern. This avoids using Gleason’s Proportional
Changes.

At the manufacturing stage of a gear set, it is common practice to use surface measurement to quantify the
difference between the theoretical tooth surfaces and those produced on actual machines, which requires the use
of a Coordinate Measurement Machine, or CMM.

When a CMM is not available, the V-H test is used, where the pinion and gear members are operated under a light
load using marking compound to locate the Bearing Pattern on the tooth flank and modify the relative operating
positions of the pinion and gear member until the desired Bearing Pattern is obtained.

Once the E P G positions needed to produce the desired Bearing Pattern are found, they must be converted to
actual pinion machine settings changes. The VH>> function is used to convert the E P G values of the V-H test into
actual machine settings.

As for Corrective Machine Settings, before calculating any VH>> machine settings changes, the Nominal Summary
must be defined. This is done by HYGEARS upon confirmation by the user the first time the VH>> machine settings
changes algorithm is accessed (see figure below).

Once the Nominal Summary has been defined, all VH>> machine settings changes will be calculated in reference to
the defined Nominal.

The E P G values required for the VH>> function are entered through the following V-H Settings window, which
is displayed after the above confirmation has been done:




The E P G values and signs are as recorded on the VH tester, i.e.:

P+:  when the Pinion moves away from the Xp
G+: when the Gear moves away from the Xp;
E+: when a LH Pinion goes up (the movement is considered on the Pinion).

In short, the VH>> algorithm uses the Nominal Summary to evaluate the differences between the theoretical
and actual (meaning under E, P and G changes) Bearing Pattern location, and bases the modification of each
machine setting on the amount of change in Bearing Pattern position.

Each machine setting modification is then added to the latest Summary version in the history of the considered
pinion. It is therefore imperative that the geometry data file be saved on disk after VH>> machine settings
changes have been calculated and applied. HyGEARS automatically proposes to do so.

HyGEARS maintains a history of the different VH>> machine settings changes that were calculated for the
pinion, provided the geometry is saved after VH>> machine settings changes have been calculated and applied.
The Bearing Pattern Development History can be reset, or completely erased, using the Main Menu Edit->Reset
Bearing Pattern History function.

Up to 7 VH>> machine settings changes steps are currently allowed in HyGEARS, which should be sufficient for
most applications.

Example:

A 9x37 RH spiral bevel gear set is being developed. The gear member is already cut - but differs from the
original design as shown below - and the pinion needs to be cut to mesh correctly with the gear.

The target contact patterns appear below:




Upon running the gear set on the VH tester with the design MD (mounting distance), the contact patterns
came out as show below, i.e Toe heavy on the gear convex flank, and a bit towards Heel on the gear
concave flank:

In order to center the contact pattern on the tester, the following E P G values were required, which yielded
the contact patterns shown below:

e E:-0.62 mm
e P:+0.70 mm
e G:-0.35 mm

Using the VH>> function, the above values were entered in HyGEARS, a new pinion Summary was obtained
and used to cut the pinion, and the following contact patterns were obtained on the gear:




Clearly, the contact patterns went where desired by the developer at the 15t iteration.. The fact that the
gear member was not cut to target does affect the precision of the solution, but does not prevent obtaining

a good solution. Doing a 2nd jteration yielded the following result:

Here, what would be needed is to :

e Reverse Engineer the gear to the CMM data using the HyGEARS R.E. function,

e develop the contact pattern by modifying the pinion machine settings using the HyGEARS BPat
function,

e use the HYGEARS VH>> function as explained above.

Doing so, the results shown below are obtained after 1 iteration. Clearly, the results converge very quickly. A

2nd jteration could be applied in order to improve a bit more the contact pattern on the Concave flank.

28) Addition of a 2" manufacturing method for Beveloid gears [external].

Up to HyGEARS Build 405.80, [external] Beveloid gears were based on a Pivoted Work, i.e. the work piece axis would
be pivoted by the specified pitch angle such that the tool would move in a straight direction that would be at an
angle to the axis of the work.

From Build 405.90, figure below, the Plunging Tool option is also offered where the axis of the work is installed in the
machine as if cutting a spur gear, but the tool plunges progressively as the tool advances along the face width: in
effect, the Profile Shift factor changes continuously as the tool moves along the face width.

The Pivoted Work approach produces a gear set which is slightly not-conjugate. In both cases, Pivoted Work and




Plunging Tool, the helix and blades angles of the pinion are adjusted in order to center the Contact Pattern.

ﬁ" Mew Geemetry Definition - [mm] [dd.mm.ss] @
General | Cutter | Units

Names ...
Geometry Name Test-1-Beveloid [Bxd]
Directory C\HyGEARS40Data"
Geometry Source File Beveloid st D

Types ...
Geometry Type Beveloid [Ex] -
Matenial AlS1 4140 -
Pinion Tooth Hand Left -
Cutting Method Fivoted Work |~

r— Pivated Work

Misc . Plunging Tool l
Power [Kw] # Torgue [N-m] 2619 24558
Pinion Speed (RPM) 1000.00
MNumber of Teeth [Pinion - Gear] 15 m 15
Module/Fitch Diameter 1.750000 /33250
Gear Tooth Face Width 15.000 Input Plane
Number of Planets 0 @ Mormal Plane
Backlash 0.0020 (") Transv. Plane
Shaft Angle 0.0000
Pitch Angle [Pinion - Gear] & 0000 -6.0000
Offset 0.0000

In addition, the Pitch Angle of both the Pinion and Gear can now be entered such that both members, or only 1, can
be Beveloid, and can be of same value but opposite signs such that the axes of the Pinion and Gear are //, as is shown
in the figure below.

Finally, a Shaft Angle and a Pinion Offset can be imposed. For example, figure below, the Pinion and Gear Pitch
Angles are respectively +6 and -6 deg, and a 20 deg. Shaft Angle is imposed. The resulting parts have // axes in one
plane (left, below), and non // axes in the perpendicular plane (right, below).




As another example, for the same Pinion and Gear Pitch Angles and Shaft Angle, the left gear set below has no Pinion
Offset while the right gear set has a 10mm Pinion Offset.

0 mm Pinion Offset 10 mm Pinion Offset

29) Introduction of Internal Beveloid gears [new HyGEARS option] where either the Pinion, Gear or both can be
Beveloid, and cut either with a Pivoted Work or Plunging Tool like external Beveloid gears.

For example, left figure below, the Pinion has a -5 deg. Pitch Angle while that of the Gear is +5 deg. The end result is a
gear set with // axes where shifting the Pinion axially allows backlash control. By contrast, right figure below, both
the Pinion and Gear have the same Pitch Angle, and the result is a gear set where the axes are not //; however,
shifting the pinion axially still allows backlash control.
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