Spur fand bevel g_@g_[,mnlm R

5 axi$ machining Centres

N
AP AR I AN T

) e

Albert Ziind Euklid CAD/CAM AG 2
Lim Hong Kyu EUKLID KOREA




Geometriedefinition with GearCA

EUKLID GearCAM 2.3 - [D:\GearCAM-2015\Test - Heringbone-1]
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Shaded representation

| CAD Dialog |
Description
Name
Comment
Measurement
(@ mm

Data input

Heringbone-1

() inch

1/1,15/0,38 150 53 2:1937 Profile A

| Flank Comrections I
| Geadata | Reference profie L
2 12
e B
&-
20
0 0
o Wil
160 |60
1 1
118 [125
[o o
228
=
0
Heningbane
) off () Open

Without reference profile

Tolerances / Alawances J’:Meawremérvtt
e potc R

oot

Number of teeth

Abzical

tha pitch circle of the et gaar The sign defines whathar it is Aght or left

handed helical gear. Far herringbane goses the angie is related to that
pant of the gear, which stats at the zaio pont.

gear s defined by Le halx engle. The ange iz messured o

Nomale module imm
Nomal pressure angle [']
Helix angle [

Profile displacement factor
Tooth thickness deviation fmm |
Tooth width jmm

Addendum coefficient

Groove width

Dedendum coefficient
Tip rounding fmm]
Boot blending [mm
Security factor flank

Rotation angle

@® Closed
Groove width [mm]
Roundings qap fmm]

“roove withh indicates the dizzance between both gearing parts. If ope-
harringbone 15 selectad, 3 groos of &2 dimenson has 1o bs tumec
o the steck. Fur closed hemrghone there is no groove. A fllet surface

wil b2 machinad instaad

K

EUKLED

GearCAN




Description

Name Heringbone-1 ’@}
Comment M

. Measurement I
/115/0381S0 532:1997 Frofile A~ _— Bor daia cference profile L | Reference pre : Calculated d
o - > mm  n Aank Comections Tolerances / Allowances / Measurement
[thout reference profile Datai
ata input

‘eference profile - particular input P
IR VA Y / 1.15/0.38150 53.2:1997 Profie A v | Without reference profile @ L=t () Right

i :II E i g%ﬁlslgﬂﬁgfg?g;;r;:;ﬁ BC Fank Comections Tolerances / Allowances / Measurement
/ 1'15 / D'gﬂ 150 532159? F'I'D‘f:|2 D Gear data Reference profile L Reference profile R Calculated data

S115 703 DIN 8671586 0 0 0 Tooth thickness deviation [mm]

f44E /NRE MR BET 000

0 0 0 Profile displacement factor

e 17a781E A Measurement circle [mm]
(azar data Reference profile L Reference profile R Calculated data 542478 9 42478 g 42478 Tooth thickness [mm]
Flank Comrections Tolerances / Allowances / Measurement
® Momal () Transverss
Type MName Left Right ~ _
@ Arc {_) Chordal
- Width crowning vy v
[ Height crowning J J ] aE Fia et ar o bl fi T
/ Tip relief J J 13164358 13164358 131,643585| One ball [mm]
/ Foot relief y’ s, 263,2870¢ 2632870 263,2870% Two balls [mm]
® One ball Two balls
& —
' 5 0. of teeth for measurement
82 51656 8251656 82 51656 | Base tangent length [mm]

R 228

Protuberance I
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Flanc Corrections

(®) Width crowning C

m = & % |
: 5

10.02

() Width crowning CLC

3

() Width crowning L

Aank Length: 9.175
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Roughing

Shaded representation

Displeys

EURLID GearTaN 2.3 - [DfGearCAM-20154 Test - Heringbone-1]
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Finishing

Description

Mame | Finlshlng

e
2
3
o

Finishing - Parameter: Finishing strategy - 3

Offset/ Tolerance ;E)ﬁtions Upper distance Lower distance Rapid distance

10,0001

Tolerance

Tool name Holder name td o sp fr
i f Holder D22yl |8 |2 [4950 |90
i - L

hat 1Y = ralaiisiel. Tirisil I =Uglody © o

Offset/ Tolerance | Options "__Upper distance | Lower distance | Rapid distance |

Flank selection
(@) both sides
O left
) right

[] Use full cutting length

+Z

Offset/Tolerance ‘ Options | Upper distance | Lower distance Rapid distance

EUKL:D

GearCAN




Deburring

[ hnishing .If)i.a.log
Description
Name | Finlshlng
Comment

Strategy

R
4 odls

Finishing - Parameter: Finishing strategy - 5
Offset/ Tolerance ;bﬁti-ons Upper distance Lower distance Rapid distance

10,0001

Tolerance

Tool name Holder name td o sp fr

Holder D18.cyl |4 |1 |S900 (990

(Cffset/Tolerance | Options .. Upper distance | Lower distance | Rapid distance |

Chamfer size (025
Level selection
(@ bath
() lower (1)

() upper (2)

both
right
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e
InvoMill

1N

| Finishing Dialog

Description

Name

Comment

Strategy

|Finishing Evolute

Finishing - Parameter; Finishing strategy - 1

[ Offset/Tolerance O‘p;ﬁ_ong

Tool defintion

Ty [P v e

Tool name

Holder name td o sp fr

invoMilHolder50 (90 |08 1230 |1353
=i Tl T ks Lo

(Offset/Tolerance | Options ._ Upper distance | Lower distance | Rapid distancég

Height to line 25 | Auto
Factor collateral overdap 11135 )
Lead-in as involute path |3
Parallel safety clearence |02
Tangential safety clearence 1 5
Collateral protrusion 12
Clearance opposite flank |0.05
\ [] Backside
[ Calculate ground pathes
Flank selection
) both sides () left ) right
d Mil | Ball nose | Disc nvorin
Tool name |Coromill 162-030 v Tool ID 916211
Description CoroMill 162 DCSUmm / 176M40-100608E-PM
Geometry Technology
CoroMill 162 ISANDVIK!
e oo
madel -DC 90 mm
order code: 162-030Q27-40
inserts
amount : 11
type - 176M40-100608E-PM
order code: 176M40-100608E-PM
modul :~4.0-80
usage : roughing, involute
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Milling-Simulation

@ EUKLID GearCAM 2.3 - [D:\GearCAM-2015\Test - Test-Pfeil] -
EUKLID GearCAM | Maschinensimulation |
K > @ »»Q —F— Kk -
SIMULATION | VERIFICATION ~ VIEW
m  fam Step Back Step Fwd <> [iTop L7 Bott 7 ]
l\*) '\NC/I |4 Step Bach ’ . ’> P Step Fwi O ' nnun.l DO Fob d © E’o :m 4]
L = > ) 1 Front (3] Badl g
Material  NC Machine €4 PreviousOp pyn  stop  Fast PPINetOp pegtart Fit  Isometric > Initial Machine Housing | Tool Path
Removal * Mode~  + M Forward (g Right 7] Left I - Stock Rendering~
Simulation Control Simulation Run Speed & Views Visibility
Move List v

B> Op. 1(1): Roughing_1 (CoroMil 162-090)
Op. 2 (1): Finishing_1 (CoroMill 162-090)
Op. 3 (1): Finishing_2 (CoroMill 162-090)
Op. 4 (1): Finishing_Root_1 (Ball_D4)
Op. 5 (1): Deburring_1 (Ball_D4)

Op. 6 (1): Deburring_2 (Ball_D4)

Move [ X B
1222 48192 279391
1423 48477 279391
1424 48762 279391
1425 49,046 279391
1426 49.331 279391
1427 49615 279391
1428 49.898 279.391
1429 50.182 279.391
1430 50.465 279.391

1431 50.749 132,658 135214 324.388 279.391
1432 51.031 132548 136.464 324.266 279.391
1433 51314 132439 137.714 324144 279.391
1434 51.596 132329 138.964 324.021 279.391
1435 51.879 132.220 140.214 323.899 279391
1436 52.160 132,108 141.464 323.777 279.391
1437 52.442 131.996 142.714 323.655 279.391
1438 52.724 131.884 143.964 323.532 279391
1439 53.005 131.772 145214 323.410 279.391

| Move List | Analysis Statistics  Machine Simulation

Analysis

\\ [Operationrumber —~] &

\x\,\ \ A g?
R \‘ \\\ G8E Number Operation comment
Roughing_1 (CoroMill 162-090)
Finishing_1 (CoroMil 162-090)
Finishing_2 (CoroMil 162-090)
Finishing_Root_1 (Ball_D4)
Deburring_1 (Ball_D4)
Deburring_2 (Ball_D4)

\

- QT R RN
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Milling Simulation on 5-Axis-machine
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Spur gear:

normal module : 8
helix angle: 20
number of teeth. 20
tooth with: 80 mm
tip circle: 185 mm
material: 42CrMo4
Milling time
Roughing 51 min
Root 27 min
Finishing involute (InvoMill) 20 min
Tip champfer 6 min
Deburring 3 min
Total 117 min
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established gearing technics — closed loop

grinding cutting inserts adjusting cutter head

KOMET COIT.Settings G|

grining |
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established gearing technology:

5-axis milling of gears:

( 4
» highly productive manufacturing E):;f; dre;::n(;?]?jﬂig:]ﬂank geometry Is
processes P
.. : : * implementing of universal
» process specific special machines, e
in general seperate for soft and g
TERIENRE Sl MEB Al « use of standard cutting tools
« complex product specific cutting tools . any gear design possible —
: : : : even special materials — no restrictions
* multistage, iterative manufacturing designing contact patterns
SlieEEes (@ eset) e hard machining up to 62 HRC
" noexact deflnltlon_of_flank tappalagy * single-step process with definite
in detail, characteristics of contact : :
. . targets (incl. all necessary adjustments
pattern is a result of case specific
L of flank topology)
optimization
. U
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standard process chain for curved surface milling:

(" _ )
» toothing parameters
* measurement grids
incl. all adjustments
- : Y
(« CAD-data (STEP, etc.) R
incl. all adjustments of
\__contact pattern y

[ manufacturing

"
"

-
CAD-System:

» design of flank geometry as

g curved surfaces

7

meriace | S
L

(CAM-system /INC-programming:

» standard NC-funktions for
5-axis milling

.’ roughing / finishing

—

postprozessor )

EUKL:D

GearCAN




@ EUKLID GearCAM 2.3 - [D:\GearCAM-2015\Test - Test1-Bevel] = = =
o EUKLID GearCAM | Maschinensimulation @

W|th Geal‘CAI\/I 6 W& % o EUKL:D

Information GearCAM

tfunktion

BCm"

Management Options | Shewgrid | Y= Displays
CAD Dialog
EUKLID GearCAM Assistant Deserption
Name Tost1-Bevel
_ Comment
A
| e g | Measuremer nt
/ F|:I 5 i - fovae i . @mm  Oinch Load e O Prion @ Gear
d
Data input

Spur gear
Project E-evdﬂea.f

Name Test1-Bevel

Geardata | Caleulated data | Tolerances / Allowances / Measurement

a4 il Number of teeth

5 (90 o angle 1
St 51
2 looeesz | g% Nomsle modue mm
SE@s 4
20 Nomal pressure angle.
[ [ Profle cisplacement factor

Comment Comment

Working steps

Tooth thickness devi
78 78 Toath width fmm]
1 1 Addendum coefficient

w Ry B,

125 1.25 Dedendum coefficient
2,09068 2,09068 Root blending [mm|
450 125
35 Helix angle
381,367 Are/eutter radius Jmm

.;! N\
\Y

o

LA

CAD Dialog
Description
Name Test1-Bevel r . op 1
EUKLID GearCAM Assistant -
Commert Q 9
34 mm
Measurement Shac e ﬁ [ %
. PR ~— —5 —= e Bevel gear v 14
® mm () inch Load file (_J) Pinion (@) Gear I ™ 1 A : ; =
. s § 3
T <« Test b+ Testl-Bevel LN ] Test1-Bevel" durchsuchen £ PI‘O]BCi
Organisieren = Meuer Ordner =~ [I @ 7
;. ) L Name Test1-Bevel
J Spur-1 A MName Ander |
Ffw ExiData 25102 Comment Comment
= || 40A406451_Kiss03_2015.Z70 22,042
Testl-Bevel = TR —— y
estl. 22.07. :
ExtData Lot | Working steps
Test-2
Test-neu . - %
Dateiname: | KS_Test1.Z70 w | KissSoft files (*.z70; ~.Z70) v

Offnen Abbrechen

EUKL:D

GearCAN




Processing sequence, cutting strategy / cutting conditions — finish milling:

N I»

roughlng pre-finishing

finishing

"

curved surface milling
3-axis with
ball end mill cutter

EUKL:D
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Feed direction / climb cutting

S-axis
swarf milling

sideward step direction




Demands to machining centers:

— —
pinion shafts - 5-axis turn-mill centers

toothing quality is priliminary depending on

gear milling on 5-axis milling centers accuracy of machining center:
« axis configuration (rotary axis !)
additional technical equiment: * pitch accuracy of rotary axis !
- laser measurement system for cutting tools ~ * Static and dynamic accuracy !
« system for 3D workpiece measurement * thermal stability (long term) !

* S-axis calibration function « linear axis of secundary importance
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configuration of rotary axis:

 both rotary axis on workpiece side only for
limited workpiece weight ( < ca. 500 kg)

» heavy/large gears (> dk= ca. 2000 mm,
> ca. 4 t) => portal concept advantageous,
both rotary axis in z-ram, static precise
rotary table exclusively for positioning
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Bevelgear

Klingelnberg
« spiral toothed
 normal modul midle mn= 9,481mm
 number of teeth z=30
* tooth with b= 80 mm
« outer diameter dk= 398 mm

EUKL:D
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[mm]
0.020

= 0.015

0.010

] 0.005

0.000

-0.005

-0.010

Optical measuring with

SG)I'T\

-0.015

00.020 |
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Pair of bevel wheels:
18CrNiMo7-6
Case hardened
58 HRC
mn=9mm
z1=11/2z2= 27

dimensioning:
KISSsoft

EUKL:D
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Summary and outlook:

5-axis milling of gears belongs to state of the art

5-axis milling of gears places high demands on CAM-modules, machining centers,
cutting tools und process know-how

under these pre-conditions even higher toothing qualities can be reached
by 5-axis milling

process related the 5-axis milling of gears for series production is subjected to
economical restrictions in comparison to established gear technologies.

in case of small lot sizes, single part production or special gears the 5-axis milling
of gears offers significant competitive advantages in terms of delivery time and
cost — with nearly no restrictions to profile design.

5-axis milling of gears is no direct competition to the established gear

manufacturing technologies, but rather will be an increasingly important
complentary alternative.

EUKL:D

GearCAN




